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Foreword 
by John Zachman, Founder and President 
Zachman International 

 
 
It gives me great personal pleasure to write this foreword. I wrote the foreword to the 
first edition of Information Modeling and Relational Databases and to be brutally hon-
est, I liked my first foreword and I haven’t at all changed my mind, with the exception 
that I like the second edition even more than the first edition, if that is even possible. 
Anyone familiar with my work would know that I have been arguing for many years 
that an enterprise ontology must include more structural components than those typi-
cally related to information. Terry Halpin and Tony Morgan have incorporated some 
additional structural variables in this new edition. 

I suppose you would have expected this, but the second edition even surpasses the 
first, not only in terms of the updated and expanded modeling coverage, now including 
XML, business processes, and even the Semantic Web, and the plethora of exercises, 
but in terms of the significance of seven more years of experience and wisdom that can 
only be accumulated through the concentrated and intense investment of one’s life. 

Because I liked my first Foreword, it is hard for me to materially improve on it, so I 
will borrow heavily from its basic content, making adjustments as appropriate. 

I have known Terry Halpin for many years. I have known about Terry Halpin for 
many more years than I have actually known him personally. His reputation precedes 
him, and—take it from me—he is one of those people who is bigger than his reputation 
and far more humble than his contribution warrants. I have not known Tony Morgan 
for nearly as long but I know many people who have worked with Tony and have the 
highest regard for his work. 

Both of these men have invested a lifetime in developing these enterprise modeling 
concepts, not because of the enormous market demand, but because of their intense 
belief that these concepts are vital for the advancement of our capability as humans to 
accommodate the extreme complexity and rates of change that characterize Twenty 
First Century life.  
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In fact, those of us who have devoted our lives to some of these apparently esoteric 
modeling pursuits are not doing it to make money, because the general market is hardly 
even aware of the issues, much less willing to pay for them. We are doing it because 
we know it is right and we are certain that survival of life as we know it is not depen-
dent on writing more code. It is dependent upon being able to describe the complexities 
of enterprises (any or all human endeavor) so they can actually be designed, imple-
mented as conceived, and dynamically changed as the environment changes around 
them.  

We all owe Terry and Tony a debt of gratitude for persevering to produce this com-
prehensive modeling work. 

When Terry asked me to write the industrial foreword to the first edition of this 
book, my first reaction was, “Good Night! Am I qualified to write a foreword for a 
Terry Halpin book”? I suggested that he send it to me and I would decide whether I 
could write it for him or not. After he sent me the book, my next problem was, I 
couldn’t put the book down! Can you imagine that? A technical book that keeps you 
wanting to read the next page? 

Yes, it is a technical book, and the second edition is hardly any different. It is a very 
technical book that goes into detail on how to produce graphic models that exquisitely 
and rigorously capture the semantic details of an information system. But, it is also an 
easy-to-read book because it spells out clearly, concisely, and so simply the complexi-
ties of logic that provide any enterprise and any natural language with its capacity for 
nuance of expression and richness of description. For every step in the logic, there is 
provision of illustration and a test for your comprehension. There are hosts of models 
and exercises of real cases, none so contrived or so convoluted that it takes more ener-
gy to understand the case than to get the point. 

Yes, Object Role Modeling 2 (ORM 2) is the notation for most of the illustrations, 
not simply because Terry actually “wrote the book” on ORM, but because of its in-
comparable ability to capture semantic intent and unambiguously express it graphical-
ly. And, yes, there is a discussion of ORM 2 modeling in sufficient detail for modelers 
to acquire the ORM 2 language capability. But the cases and illustrations are rich with 
analysis that can help even modelers unfamiliar with ORM to accurately extract the 
precise semantics of a “universe of discourse.” 

But to me, all of this is not the strength of this book. The enduring strength of the 
book is two-fold. First, this is a very clear and vivid demonstration of the incredible 
complexities of accurately discerning and capturing the intentions of the enterprise and 
transforming them into the realities of an implementation. There is little wonder why 
the systems we have been implementing for the last 50 years (total history of “Data 
Processing”) are so inflexible, unadaptable, misaligned, unintegrated, unresponsive, 
expensive, unmaintainable, and so frustrating to management. We never bothered to 
produce an accurate description of the concepts of the enterprise in the first place!  

If you don’t rigorously describe the enterprise to begin with, why would anybody 
expect to be able to produce a relevant design and implementation that reflected enter-
prise management’s reality or intent, or that could be adapted over time to accommo-
date their changes? 
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Tragically, few general managers are likely to read so technical a book as the second 
edition of Information Modeling and Relational Databases. But all general managers 
ought to read this book to get some perspective on the semantic complexity of their 
own enterprises, of the challenges of accurately capturing that complexity, of the ne-
cessity of their own participation and decisions in conceptual modeling, of the sophis-
tication of the engineering that is required to produce quality and flexible 
implementations, of the fact that systems (automated or not automated) are not magic, 
they are logic and good judgment and engineering rigor and a lot of hard work. 

In fact, every data modeler regardless of his or her syntactic specialty—whether it 
be Chen, Barker, Finkelstein, IDEF1X, IDEF1x(Object), UML 2, XML, or XYZ—
ought to read the book for the same reasons. In fact, modelers of all kinds ought to read 
the book. In fact, every programmer ought to read the book. In fact, anyone who has 
anything to do with information or information systems ought to read the book! 

The second strength of this book lies in the derivations from the high standard of 
semantic expression established by employing the second version of Object Role Mod-
eling. Having demonstrated that it is possible to be rigorous and graphic in capturing 
precise semantic intent, the book straight-forwardly evaluates all the other popular 
graphic modeling notations in terms of their ability to duplicate that expression. There 
is a comparison with every other modeling notation that I have ever heard of, including 
the ones I mentioned above like Chen, IDEF1X, UML 2 etc. This is the most objective 
and precise comparison I have ever seen. The authors are very apologetic about appear-
ing to be critical of other languages, but my observation is that this comparison was the 
most dispassionate and objective discussion I have ever seen. They even point out the 
strengths of these other notations and how and where in the overall process they can be 
used effectively. How’s that for objectivity?!  

There is one more interesting dimension of these rigorous, precise semantic models 
—they have to be transformed into databases for implementation. The authors describe 
in detail and by illustration the transformation to logical models, to physical database 
design, and to implementation. In this context, it is easy to evaluate and compare the 
various database implementation possibilities including relational databases, object-
oriented databases, object-relational databases, and declarative databases; and they 
throw in star schemas and temporal databases for good measure! Once again, I cannot 
remember seeing so dispassionate and objective an evaluation and comparison of the 
various database structures. Within this context, it is straight-forward to make a consi-
dered and realistic projection of database technology trends into the foreseeable future. 

This is a book that is going to sit on my bookshelf forever. I would consider it a 
candidate to be one of the few classics in our rather young, 50-year old discipline of 
information management. I hope I have the personal discipline to pick it up about once 
a year and refresh my understanding of the challenges and the possibilities of the in-
formation profession. I am confident you will find the second edition of Information 
Modeling and Relational Databases as useful and enlightening as I have, and I hope 
that there will be many more editions to come! 
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Foreword 
by Professor Dr. Sjir Nijssen, CTO 
PNA Group, The Netherlands 

 
 
It gives me great personal pleasure to write this foreword. I have known Terry Halpin 
since 1986. As John Zachman has said about Terry, he is one of those people who is 
bigger than his reputation and far more humble than his contribution warrants. Terry is 
one of the most effective and dedicated authors of a new wave in knowledge engineer-
ing and requirements specification. I would like to classify ORM (Terry's focus, called 
Object-Role Modeling) as a fact orientation approach. This by itself is already much 
broader than data modeling. It is my professional opinion, based on extensive expe-
rience during more than 40 years in business and academia, that fact orientation is the 
most productive data modeling approach, by far. This approach could be considered as 
a best business practice for SBVR (Semantics of Business Vocabulary and Business 
Rules), the standard adopted by the Object Management Group (OMG) on December 
11, 2007.  

With fact orientation, it is useful to distinguish between structure and structuring. 
Both are important in practice and theory. With respect to structuring, one of the sub-
processes is verbalization. Verbalization is a major and unique part of the CogNIAM 
and ORM methodology. This entered the fact orientation community in 1959, when I 
was training young people to plot the movements of airplanes in an area where radar 
could not yet see. In 1967 I got the chance of a professional lifetime. My manager said 
“I want to hire you, and you have only one mission: nearly every software professional 
in our company (Control Data Corporation, one of the most powerful computer com-
panies in that period) is preoccupied with programming. I want you to ignore proce-
dural programming, and concentrate on the data underlying all programming”. 

During the seventies, conceptual modeling—of which ORM is an instance—was 
developed primarily in Europe by a group of people from various companies and uni-
versities. However, two excellent American researchers also contributed substantially: 
Dr. Michael Senko and Dr. Bill Kent, both of IBM. Anyone reading this book will also 
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enjoy reading the classics of Mike Senko published in the IBM Systems Journal and the 
pearl Data and Reality, the book written by Dr. Kent. In that period, NIAM was con-
ceived. In the late seventies a group of international conceptual modelers undertook in 
ISO the task of writing the report Concepts and Terminology for the Conceptual Sche-
ma and the Information Base. It was a report about conceptual modeling, natural lan-
guage, and logic. 

In 1986, when I was professor of computer science at the University of Queensland, 
a relatively young Terry became my colleague as lecturer in the Computer Science 
Department. What a fantastic colleague! He very quickly caught on to my lecturing on 
conceptual modeling. It quickly became apparent to me that he was full of ideas, result-
ing in many collaborative sessions and the further development of the NIAM method at 
that time. His own lecture preparation was excellent, generating many exercises, and it 
was a real pleasure to work with him. We jointly published a book in 1989 which was 
largely written by Terry. In 1989, Terry completed a doctoral thesis that formalized 
and enhanced NIAM, and he and I went our own separate ways as I decided to return 
to The Netherlands. 

In the following period, many excellent extensions to the NIAM 1989 version were 
added by Terry and his team on the one hand, and myself and associates on the other. 
In retrospect, I consider it a very good approach to work independently for some time 
and subsequently come to the conclusion that beautiful improvements have been de-
veloped. Two years ago, we decided to establish the best combination of the improve-
ments developed independently. One of the strong points of our methodology is its 
incomparable ability to capture precise semantic intent and unambiguously express it 
graphically. 

I strongly recommend every serious data modeler, business process modeler, and 
programmer to study this excellent book very carefully. I perused the chapters with 
pleasure and found it very useful and clearly presented. It is an excellent textbook for 
universities that intend to provide a first-class conceptual modeling course. UML has 
received much greater attention than ORM up till now, and I personally find that a 
shame, because in my opinion there are many areas in which ORM outperforms UML. 
I expect that this point will become clear to all with UML experience, who have their 
first encounter with ORM by reading this book. I therefore hope this book will result in 
further attention to ORM, which would be much deserved. 

The relationship between the new OMG standard SBVR and ORM is not explicitly 
mentioned in the text, but be assured that there is a clear philosophical link between 
them. People familiar with both standards will recognize this easily.  

Terry’s coauthor, Tony, has added a very interesting chapter about processes, and 
has incorporated the task of modeling these processes as part of conceptual modeling. 
Tony is an excellent teacher, as I have recently had the pleasure of witnessing at the 
ORM2007 Conference in Portugal: British humor thrown in for free! 

It is my distinct pleasure to highly recommend this book to anybody seriously inter-
ested in acquiring competence in conceptual analysis or modeling, with the aim of 
making modeling an understandable form of engineering instead of considering it as 
just an art. 
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Foreword 
by Dr. Gordon C. Everest, Professor Emeritus and Adjunct, MIS and DBMS 
Carlson School of Management, University of Minnesota, USA. 

 
 
I am delighted and honored to write a foreword to this second edition. It gives me 
another opportunity to convince those in the world of data modeling that there is a bet-
ter way. I am absolutely convinced that Object Role Modeling (ORM) is a better way 
to do data modeling. My underlying motive in this foreword is to sufficiently perk your 
interest to seriously study ORM, and this book is the best resource available to you. 

Data modeling is the foundation of information systems development—if you don't 
get the database design “right” then the systems you build will be like a house of cards, 
collapsing under the weight of inevitable future forces for revision, enhancement, inte-
gration, and quality improvement. Thus, we need a scheme to guide our data modeling 
efforts to produce data models that clearly and accurately represent the users’ domain 
of discourse and facilitate human communication, understanding, and validation. 

This book is a must for anyone who is serious about data modeling, but with a cau-
tion: you must devote enough time and effort to really understand ORM. Fortunately, I 
have my students as a captive audience for a whole semester—long enough for them to 
learn and practice ORM and become convinced that it is a better way. With ORM you 
can raise your data modeling skills to a whole new level. 

This book also examines record-based modeling schemes: UML, SQL based on 
“Ted” Codd's relational model, and Peter Chen's Entity Relationship (ER) diagrams 
with many variations—Barker as in Oracle, Finkelstein's Information Engineering (IE), 
and IDEF1X (as in ERwin). Viewing these familiar modeling approaches from an 
ORM perspective provides an enriched understanding of their underlying nature.  

Record-based modeling schemes use three constructs: Entity, Attribute, and Rela-
tionship. It is the clustering of attributes into entity records that is the root of many of 
our problems in data modeling. Normalization is the test to see if we clustered too 
much, and record decomposition is commonly used as a remedy to correct a violation 
of the normal forms. 
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Normalization is the Achilles heel of data modeling. Oh, to be able to avoid norma-
lization altogether? The mere suggestion is intriguing to students and practitioners of 
data modeling. Well, with ORM you can. The problem stems from the lack of clear 
definition of relationships when we throw stuff into a record, so that the intra-record 
structure is implicitly defined or assumed. ORM forces you to separately consider and 
define all relevant relationships and constraints among the object domains in your un-
iverse. 

ORM is actually based on only two constructs: objects and relationships (which cor-
respond to the concepts of nouns as subject or object, and verbs as predicates in sen-
tences). Both entities and attributes are treated as objects in ORM (not to be confused 
with objects in object-oriented technology). Objects play roles in relationships with 
other objects. Objects have attributes or descriptors by virtue of the roles they play in 
relationships with other objects. In record-based modeling, there are two kinds of rela-
tionships: inter-record, and intra-record among attributes. In ORM all relationships are 
represented the same way with a single construct. When the ORM model is a valid 
representation of the world being modeled, the functional and multivalued dependen-
cies are explicitly defined, and hence, the generation of “records” (in a relational table) 
can be automated and can guarantee that the result will be fully normalized (to 5NF). 
That’s good news for data modelers. 

ORM does not supplant ER diagrams or relational database designs, rather it is a 
stage before. It can enable, enlighten, and inform our development and understanding 
of ER/relational data models. We build records more for system efficiency, than for 
human convenience or comprehension. The premature notion of a record (a cluster of 
attribute domains along with an identifier to represent an entity) actually gets in the 
way of good data modeling. ORM does not involve records, tables, or attributes. As a 
consequence, we don't get bogged down in “table think”—there is no need for an ex-
plicit normalization process. 

The second edition is even more focused on the centrality of data in information 
systems, and on the importance of semantics. Starting with the realization that users 
(collectively) know more than we could ever capture in a data model, we must use a 
data modeling scheme that captures the widest possible range of semantics, and ex-
press this meaning graphically. Semantics is paramount, and ORM goes way beyond 
any record-based modeling scheme in graphically depicting semantics. With this 
second edition, Terry and Tony have expanded the scope of ORM to include temporali-
ty, dynamics, state modeling, and business processes.  

Well, is that sufficient to pique your interest in learning more about ORM? If you 
are a would-be student of ORM and you take data modeling seriously, I encourage you 
to invest some time to read this book. You won't regret it. You will grow to appreciate 
ORM and will become a better data modeler for it. In order to develop effective and 
maintainable information systems we need good data models, and for that we need a 
good data modeling methodology. ORM allows us to develop database designs at the 
highest conceptual level, unencumbered by things that are not of primary concern to 
user domain specialists. My deep desire is to see more and more database designers 
using ORM. The systems we build and the world we live in will be better for it. Join 
me in this journey and enjoy the adventure. 
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This book is about information systems, focusing on information modeling and rela-
tional database systems. It is written primarily for data modelers and database practi-
tioners as well as students of computer science or information management. It should 
also be useful to anyone wishing to formulate the information structure of business 
domains in a way that can be readily understood by humans yet easily implemented on 
computers. In addition, it provides a simple conceptual framework for understanding 
what database systems really are, and a thorough introduction to SQL and other key 
topics in data management. 

A major part of this book deals with fact-oriented modeling, a conceptual modeling 
approach that views the world in terms of simple facts about objects and the roles they 
play. Originating in Europe, fact-orientation is today used worldwide and comes in 
many flavors, including the Semantics of Business Vocabulary and Business Rules 
(SBVR) approach adopted in 2007 by the Object Management Group. The version of 
fact-orientation described in this book is second generation Object-Role Modeling 
(ORM 2), and is based on extensions to NIAM (Natural-language Information Analy-
sis Method).  

Two other popular notations for information modeling are Entity-Relationship (ER) 
diagrams and Unified Modeling Language (UML) class diagrams. For conceptual in-
formation analysis, the ORM method has several advantages over the ER and UML 
approaches. For example, ORM models can be easily verbalized and populated for 
validation with domain experts, they are more stable under changes to the business 
domain, and they typically capture more business rules in diagram form.  



xxii Preface 
 
 

However ER diagrams and UML class diagrams are good for compact summaries, 
and their structures are closer to the final implementation, so they also have value. 
Hence the coverage includes chapters on data modeling in ER and UML, and indicates 
how ER and UML data models can be easily generated from ORM models.  

To make the text more approachable to the general reader with an interest in data-
bases, the language is kept simple, and a formalized, mathematical treatment is delibe-
rately avoided. Where necessary, relevant concepts from elementary logic and set 
theory are discussed prior to their application. Most of the material in this book has 
been class tested in courses to both industry and academia, and the basic ORM method 
has been taught successfully even at the high school level. The content is modularized, 
so that instructors wishing to omit some material may make an appropriate selection 
for their courses. 

The first chapter motivates the study of conceptual modeling, and briefly compares 
the ORM, ER, and UML approaches. It also includes an historical and structural over-
view of information systems. Chapter 2 provides a structural background, explaining 
the conceptual architecture of, and development frameworks for, information systems. 
It introduces a number of key concepts that are dealt with more thoroughly in later 
chapters, and should be read in full by the reader with little or no database experience. 

Chapter 3 is fundamental. Following an overview of conceptual modeling language 
criteria and the ORM Conceptual Schema Design Procedure (CSDP), this chapter 
covers the first three steps of the CSDP. The first step (verbalizing familiar examples 
in terms of elementary facts) may seem trivial, but it should not be rushed, as it pro-
vides the foundation for the model. The rest of this chapter covers the basic graphical 
notation for fact types, and then offers guidance on how to classify objects into types 
and identify information that can be arithmetically derived. 

Chapter 4 begins the task of specifying constraints on the populations of fact types. 
The most important kind of constraint (the uniqueness constraint) is considered in de-
tail. Then some checks on the elementarity of the fact types are discussed. This chapter 
also introduces the join and projection operations at the conceptual level—the rela-
tional version of these operations is important in the later work on relational databases.  

Chapter 5 covers mandatory role constraints, including a check for detecting infor-
mation that can be logically derived. Reference schemes are then examined in some 
depth. Some of the more complex reference schemes considered here could be skipped 
in a short course. The CSDP steps covered so far are then reviewed by applying them 
in a case study, and the logical derivation check is then considered. 

Chapter 6 covers value, set comparison (subset, equality, and exclusion), and sub-
typing constraints. Section 6.6 deals with advanced aspects of subtyping—though im-
portant in practice, the material in this section could be skimmed over in a first 
reading.  

Chapter 7 deals with the final step of the conceptual schema design procedure. Less 
common constraints are considered (e.g., occurrence frequencies and ring constraints), 
and final checks are made on the design. Sections 7.3–7.5 are somewhat advanced, and 
could be skipped in a short course. 

Chapter 8 discusses the Entity Relationship (ER) approach, starting with Chen’s 
original notation then moving on to the three most popular notations in current use: the 
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Barker ER notation, the Information Engineering notation, and the IDEF1X notation 
(actually a hybrid of ER and relational notations). Comparisons with ORM are in-
cluded along the way. 

Chapter 9 examines the use of UML class diagrams for data modeling, including a 
detailed comparison with ORM. Business rule constructs in ORM with no graphic 
counterpart in UML are identified and then captured in UML using user-defined con-
straints or notes.  

Chapter 10 considers several advanced aspects of information modeling, such as 
join constraints, historical fact types, collection types, open/closed world semantics, 
and higher-order types. The discussion of deontic rules and nominalization is funda-
mental to understanding the SBVR flavor of fact-orientation. This chapter is techni-
cally the most challenging in the book, and could be skipped in an introductory course.  

Chapter 11 describes how a conceptual model may be implemented in a relational 
database system. The first three sections are fundamental to understanding how a con-
ceptual schema may be mapped to a relational schema. Section 11.4 considers ad-
vanced mapping aspects, and could be omitted in a short course. 

Chapter 12 provides a foundational introduction to relational databases and SQL 
queries. Section 12.1 covers relational algebra—although not used as a practical query 
language, the algebra is important for understanding the basic relational operations 
supported by SQL. Section 12.2 provides an overview of how the relational model of 
data compares with data models adopted by some relational database management 
systems. Sections 12.3–12.14 cover the main features of SQL, with attention to the 
SQL-89, SQL-92, SQL:1999, SQL:2003, and SQL:2008 standards, and some popular 
dialects. 

Chapter 13 discusses further aspects of SQL (e.g., data definition, triggers, and 
stored procedures), the use of other languages such as XML in conjunction with SQL, 
and introduces some practical issues such as security, metadata and concurrency.  

Chapter 14 discusses how and when to transform one schema into another schema 
at the same level (conceptual or logical). Sections 14.1–14.4 examine the notion of 
conceptual schema equivalence, and ways in which conceptual schemas may be re-
shaped. As one application of this theory, section 14.5 specifies a procedure for opti-
mizing a database design by performing conceptual transformations before mapping. 
Section 14.6 provides a concise coverage of normalization theory, including some new 
insights. Section 14.7 briefly considers denormalization and low-level optimization. 
Sections 14.8–14.9 illustrate the role of conceptual optimization in database re-
engineering, and conclude with a discussion of data migration and query transforma-
tion. Sections 14.4, 14.5, 14.7, 14.8, and 14.9 are of an advanced nature and may be 
skipped in a short course. In a very short course, the whole chapter could be skipped. 

Chapter 15 broadens the treatment of information systems analysis by examining 
behavioral aspects of business using process and state models. The fundamental con-
cepts underlying business processes and workflows are explained, including popular 
graphical notations, process patterns, and process standards. Some ways of integrating 
behavioral models with information models are also considered.  
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Chapter 16 examines other modeling aspects and trends. Topics covered include 
data warehousing, conceptual query languages, schema abstraction mechanisms, fur-
ther design aspects, ontologies and the semantic web, post-relational databases (e.g. 
object databases and object-relational databases) and metamodeling. Though these 
topics are important and interesting, they could be omitted in a short course. 

In line with the ORM method, this text adopts a “cookbook” approach, with plenty 
of diagrams and examples. Each chapter begins with a brief overview, and ends with a 
chapter summary of the major points covered, with chapter notes to provide fine 
points and further references. One of the major features of the book is its large number 
of exercises, which have been thoroughly class-tested. A bibliography of all cited ref-
erences is included at the end of the book, where you will also find glossaries of tech-
nical symbols and terms for ORM, ER, and UML (class diagrams only). A 
comprehensive index provides easy access to explanations of technical topics. 

For readers familiar with the previous edition of this book, the major differences are 
now summarized. The coverage of ORM and UML has substantially updated to cover 
their latest versions (ORM 2 and UML 2), which necessitated the redrawing of almost 
all diagrams in the earlier edition. Whole new chapters have been added (Advanced 
Modeling Issues, Using Other Database Objects, and Process and State Modeling), as 
well as new chapter sections (e.g. ontologies and the semantic web). All previous 
chapters have been substantially revised, with several topics covered in greater depth, 
and there are many new exercises. The new content has led to a much larger book, 
which now has two coauthors, with Terry Halpin responsible for Chapters 1–11, 14, 
16, most of Chapter 12, and part of Chapter 13, and Tony Morgan responsible for 
Chapter 15, part of Chapter 12, and most of Chapter 13. 

U.S. spelling is used throughout the book. U.S. punctuation rules have also been 
used, except for quoted items, where item separators and sentence terminators (e.g., 
commas and periods) appear after, rather than just before, closing quotes. 

Online Resources 

To reduce the size and hence cost of the book, supplementary material has been made 
available online at the publisher’s Web site (www.mkp.com/imrd2/) for downloading. 
There are at least three appendices. Appendix A provides an overview of the evolution 
of computer hardware and software. Appendix B discusses two kinds of subtype ma-
trix that can be used to determine subtype graphs from significant populations. Appen-
dix C discusses advanced aspects of SQL, focusing on set-comparison queries and 
group extrema queries. Appendices on other topics may be added as the need arises. 

The answers to the exercises are contained in two files, one for the odd-numbered 
questions and one for the even-numbered questions. The answers to the odd-numbered 
questions are openly accessible, but the answers to the even-numbered questions are 
password protected, in order to provide classroom instructors with a range of exercises 
for classroom discussion. Additional material on ORM and other topics is available via 
the URLs listed in the Useful Web Sites section at the back of the book. 
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Electronic versions of the figures, as well as further exercises and related pedagogic 
material, are included in supplementary online resources that are available to instruc-
tors using this book as a course text. These resources and a password for exercise an-
swers are available to classroom instructors at http://textbooks.elsevier.com.  

ORM Software 

ORM is supported by a variety of modeling tools. At the time of writing, the Neumont 
ORM Architect (NORMA) tool provides the most complete support for the ORM 2 
notation discussed in this book. NORMA is an open source plug-in to Microsoft Vis-
ual Studio .NET and may be downloaded, along with supporting documentation, either 
from www.ormfoundation.org or from http://sourceforge.net/projects/orm.  

The previous version of ORM (ORM 1) is supported as the ORM Source Model 
Solution in a high end version of Microsoft Visio (Halpin et al. 2003). A discontinued 
ORM tool known as VisioModeler is freely available as a download from Microsoft’s 
MSDN Web site. Although VisioModeler does not run under Windows Vista, and the 
product is somewhat outdated in its database driver support, it does allow you to create 
ORM models under earlier versions of Windows and map them to a range of database 
management systems. To download the VisioModeler tool, point your browser at 
http://msdn.microsoft.com/downloads, and then search for “VisioModeler 3.1 (Unsup-
ported Product Edition)”.  

Other tools supporting different flavors of fact orientation include Doctool, Case-
Talk, and Infagon. Other fact-oriented tools under development at the time of writing 
include ActiveFacts and CogNIAM. Links to these tools may be found in the Useful 
Web Sites section at the back of this book. 
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