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Foreword

On behalf of the Organizing Committee, we would like to welcome you to the
proccedings of the 23rd International Conference on Conceptual Modeling (ER
2004). This conference provided an international forum for technical discussion
on conceptual modeling of information systems among researchers, developers
and users. This was the third time that this conference was held in Asia; the
first time was in Singapore in 1998 and the second time was in Yokohama,
Japan in 2001. China is the third largest nation with the largest population in
the world. Shanghai, the largest city in China and a great metropolis, famous in
Asia and throughout the world, is therefore a most appropriate location to host
this conference.

This volume contains papers selected for presentation and includes the two
keynote talks by Prof. Hector Garcia-Molina and Prof. Gerhard Weikum, and
an invited talk by Dr. Xiao Ji.

This volume also contains industrial papers and demo/poster papers. An
additional volume contains papers from 6 workshops.

The conference also featured three tutorials: (1) Web Change Management
and Delta Mining: Opportunities and Solutions, by Sanjay Madria, (2) A Survey
of Data Quality Issues in Cooperative Information Systems, by Carlo Batini,
and (3) Visual SQL — An ER-Based Introduction to Database Programming, by
Bernhard Thalheim.

The technical program of the conference was selected by a distinguished
program committee consisting of three PC Co-chairs, Hongjun Lu, Wesley Chu,
and Paolo Atzeni, and more than 70 members. They faced a difficult task in
selecting 57 papers from many very good contributions. This year the number of
submissions, 293, was a record high for ER conferences. We wish to express our
thanks to the program committee members, external reviewers, and all authors
for submitting their papers to this conference.

We would also like to thank: the Honorary Conference Chairs, Peter P. Chen
and Rugian Lu; the Coordinators, Zhongzhi Shi, Yoshifumi Masunaga, Elisa
Bertino, and Carlo Zaniolo; Workshop Co-chairs, Shan Wang and Katsumi Tana-
ka; Tutorial Co-chairs, Jianzhong Li and Stefano Spaccapietra; Panel Co-chairs,
Chin-Chen Chang and Erich Neuhold; Industrial Co-chairs, Philip S. Yu, Jian
Pei, and Jiansheng Feng; Demos and Posters Co-chair, Mong-Li Lee and Gillian
Dobbie; Publicity Chair, Qing Li; Publication Chair cum Local Arrangements
Chair, Shuigeng Zhou; Treasurer, Xueqing Gong; Registration Chair, Xiaoling
Wang; Steering Committee Liaison, Arne Solvberg; and Webmasters, Kun Yue,
Yizhong Wu, Zhimao Guo, and Keping Zhao.

We wish to extend our thanks to the Natural Science Foundation of China,
the ER Institute (ER Steering Committee), the K.C. Wong Education Founda-
tion in Hong Kong, the Database Society of the China Computer Federation,
ACM SIGMOD, ACM SIGMIS, IBM China Co., Ltd., Shanghai Baosight Soft-
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ware Co., Ltd., and the Digital Policy Management Association of Korea for
their sponsorships and support.

At this juncture, we wish to remember the late Prof. Yahiko Kambayashi who
passed away on February 5, 2004 at age 60 and was then a workshop co-chair of
the conference. Many of us will remember him as a friend, a mentor, a leader,
an educator, and our source of inspiration. We express our heartfelt condolence
and our deepest sympathy to his family.

We hope that the attendees found the technical program of ER 2004 to be
interesting and beneficial to their research. We trust they enjoyed this beautiful
city, including the night scene along the Huangpujiang River and the postcon-
ference tours to the nearby cities, leaving a beautiful and memorable experience
for all.

November 2004 Tok Wang Ling
Aoying Zhou



Preface

The 23rd International Conference on Conceptual Modeling (ER 2004) was held
in Shanghai, China, November 8-12, 2004. Conceptual modeling is a fundamental
technique used in analysis and design as a real-world abstraction and as the
basis for communication between technology experts and their clients and users.
It has become a fundamental mechanism for understanding and representing
organizations, including new e-worlds, and the information systems that support
them.

The International Conference on Conceptual Modeling provides a major fo-
rum for presenting and discussing current research and applications in which
conceptual modeling is the major emphasis. Since the first edition in 1979, the
ER conference has evolved into the most prestigious one in the areas of concep-
tual modeling research and applications. Its purpose is to identify challenging
problems facing high-level modeling of future information systems and to shape
future directions of research by soliciting and reviewing high-quality applied and
theoretical research findings. ER 2004 encompassed the entire spectrum of con-
ceptual modeling. It addressed research and practice in areas such as theories
of concepts and ontologies underlying conceptual modeling, methods and tools
for developing and communicating conceptual models, and techniques for trans-
forming conceptual models into effective information system implementations.

We solicited forward-looking and innovative contributions that identify
promising areas for future conceptual modeling research as well as traditional
approaches to analysis and design theory for information systems development.

The Call for Papers attracted 295 exceptionally strong submissions of re-
search papers from 36 countries/regions. Due to limited space, we were only able
to accept 57 papers from 21 countries/regions, for an acceptance rate of 19.3%.
Inevitably, many good papers had to be rejected. The accepted papers covered
topics such as ontologies, patterns, workflows, metamodeling and methodology,
innovative approaches to conceptual modeling, foundations of conceptual mod-
eling, advanced database applications, systems integration, requirements and
evolution, queries and languages, Web application modeling and development,
schemas and ontologies, and data mining.

We are proud of the quality of this year’s program, from the keynote speeches
to the research papers, with the workshops, panels, tutorials, and industrial pa-
pers. We were honored to host the outstanding keynote addresses by Hector
Garcia-Molina and Gerhard Weikum. We appreciate the hard work of the or-
ganizing committee, with interactions around the clock with colleagues all over
the world. Most of all, we are extremely grateful to the program committee
members of ER 2004 who generously spent their time and energy reviewing sub-
mitted papers. We also thank the many external referees who helped with the
review process. Last but not least, we thank the authors who wrote high-quality
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research papers and submitted them to ER 2004, without whom the conference
would not have existed.

November 2004 Paolo Atzeni, Wesley Chu, and Hongjun Lu
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Entity Resolution: Overview and Challenges

Hector Garcia-Molina

Stanford University, Stanford, CA, USA
hector@ecs.stanford.edu

Entity resolution is a problem that arises in many information integration scenarios: We
have two or more sources containing records on the same set of real-world entities (e.g.,
customers). However, there are no unique identifiers that tell us what records from one
source correspond to those in the other sources. Furthermore, the records representing
the same entity may have differing information, e.g., one record may have the address
misspelled, another record may be missing some fields. An entity resolution algorithm
attempts to identify the matching records from multiple sources (i.e., those correspond-
ing to the same real-world entity), and merges the matching records as best it can. Entity
resolution algorithms typically rely on user-defined functions that (a) compare fields or
records to determine if they match (are likely to represent the same real world entity),
and (b) merge matching records into one, and in the process perhaps combine fields
(e.g., creating a new name based on two slightly different versions of the name).

In this talk I will give an overview of the Stanford SERF Project, that is building a
framework to describe and evaluate entity resolution schemes. In particular, I will give
an overview of some of the different entity resolution settings:

— De-duplication versus fidelity enhancement. In the de-duplication problem, we have
a single set of records, and we try to merge the ones representing the same real
world entity. In the fidelity enhancement problem, we have two sets of records: a
base set of records of interest, and a new set of acquired information. The goal is to
coalesce the new information into the base records.

— Clustering versus snapping. With snapping, we examine records pair-wise and de-
cide if they represent the same entity. If they do, we merge the records into one,
and continue the process of pair-wise comparisons. With clustering, we analyze all
records and partition them into groups we believe represent the same real world
entity. At the end, each partition is merged into one record.

— Confidences. In some entity resolution scenarios we must manage confidences. For
example, input records may have a confidence value representing how likely it is
they are true. Snap rules (that tells us when two records match) may also have
confidences representing how likely it is that two records actually represent the
same real world entity. As we merge records, we must track their confidences.

— Schema Mismatches. In some entity resolution scenarios we must deal, not just with
resolving information on entities, but also with resolving discrepancies among the
schemas of the different sources. For example, the attribute names and formats from
one source may not match those of other sources.

In the talk I will address some of the open problems and challenges that arise in
entity resolution. These include:

P. Atzeni et al. (Eds.): ER 2004, LNCS 3288, pp. 1-2, 2004.
(© Springer-Verlag Berlin Heidelberg 2004
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— Performance. Entity resolution algorithms must perform very large number of field
and record comparisons (via the user provided functions), so it is critical to perform
only the absolutely minimum number of invocations to the comparison functions.
Developing efficient algorithms is analogous to developing efficient join algorithms
for relational databases.

— Confidences. Very little is understood as to how confidences should be manipulated
in an entity resolution setting. For example, say we have two records, one reporting
that “Joe” uses cell phone 123, and the other reporting that “Joseph” uses phone
456. The first record has confidence 0.9 and the second one 0.7. A snap rule tells us
that “Joe” and “Joseph” are the same person with confidence 0.8. Do we assume this
person has been using two phones? Or that 123 is the correct number because that
record has a higher confidence? If we do merge the records, what are the resulting
confidences?

— Metrics. Say we have two entity resolution schemes, A and B. How do we know
if A yields “better” results and compared to B? Or say we have one base set of
records, and we wish to enhance its fidelity with either new set X or new set Y.
Since it costs money to acquire either new set, we only wish to use one. Based
on samples of X and Y, how do we decide which set is more likely to enhance
our base set? To address questions such as these we need to develop metrics that
quantify not just to performance of entity resolution, but also its accuracy.

— Privacy. There is a strong connection between entity resolution and information
privacy. To illustrate, say Alice has given out two records containing some of her
private information: Record 1 gives Alice’s name, phone number and credit card
number; record 2 gives Alice’s name, phone and national identity number. How
much information has actually “leaked” depends on how well and adversary, Bob,
can piece together these two records. If Bob can determine that the records refer
to the same person, then he knows Alice’s credit card number and her national
identity number, opening the door for say identity theft. If the records do not snap
together, then Bob knows less and we have a smaller information leak. We need to
develop good ways to model information leakage in an entity resolution context.
Such a model can lead us, for example, to techniques for quantifying the leakage
caused by releasing one new fact, or the decrease in leakage caused by releasing
disinformation.

Additional information on our SERF project can be found at
http://www-db.stanford.edu/serf

This work is joint with Qi Su, Tyson Condie, Nicolas Pombourcq, and Jennifer Widom.
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Abstract. The envisioned Semantic Web aims to provide richly annotated and
explicitly structured Web pages in XML, RDF, or description logics, based upon
underlying ontologies and thesauri. Ideally, this should enable a wealth of query
processing and semantic reasoning capabilities using XQuery and logical infer-
ence engines. However, we believe that the diversity and uncertainty of termi-
nologies and schema-like annotations will make precise querying on a Web scale
extremely elusive if not hopeless, and the same argument holds for large-scale
dynamic federations of Deep Web sources. Therefore, ontology-based reasoning
and querying needs to be enhanced by statistical means, leading to relevance-
ranked lists as query results.

This paper presents steps towards such a “statistically semantic” Web and outlines
technical challenges. We discuss how statistically quantified ontological relations
can be exploited in XML retrieval, how statistics can help in making Web-scale
search efficient, and how statistical information extracted from users’ query logs
and click streams can be leveraged for better search result ranking. We believe
these are decisive issues for improving the quality of next-generation search en-
gines for intranets, digital libraries, and the Web, and they are crucial also for
peer-to-peer collaborative Web search.

1 The Challenge of “Semantic’’ Information Search

The age of information explosion poses tremendous challenges regarding the intelligent
organization of data and the effective search of relevant information in business and in-
dustry (e.g., market analyses, logistic chains), society (e.g., health care), and virtually
all sciences that are more and more data-driven (e.g., gene expression data analyses and
other areas of bioinformatics). The problems arise in intranets of large organizations, in
federations of digital libraries and other information sources, and in the most humon-
gous and amorphous of all data collections, the World Wide Web and its underlying
numerous databases that reside behind portal pages. The Web bears the potential of
being the world’s largest encyclopedia and knowledge base, but we are very far from
being able to exploit this potential.

Database-system and search-engine technologies provide support for organizing
and querying information; but all too often they require excessive manual preprocess-
ing, such as designing a schema and cleaning raw data or manually classifying docu-
ments into a taxonomy for a good Web portal, or manual postprocessing such as brows-
ing through large result lists with too many irrelevant items or surfing in the vicinity
of promising but not truly satisfactory approximate matches. The following are a few
example queries where current Web and intranet search engines fall short or where data
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integration techniques and the use of SQL-like querying face unsurmountable difficul-

ties even on structured, but federated and highly heterogeneous databases:

Q1: Which professors from Saarbruecken in Germany teach information retrieval and
do research on XML?

Q2: Which gene expression data from Barrett tissue in the esophagus exhibit high lev-
els of gene AO1g? And are there any metabolic models for acid reflux that could
be related to the gene expression data?

Q3: What are the most important research results on large deviation theory?

Q4: Which drama has a scene in which a woman makes a prophecy to a Scottish no-
bleman that he will become king?

Q5: Who was the French woman that I met in a program committee meeting where
Paolo Atzeni was the PC chair?

Q6: Are there any published theorems that are equivalent to or subsume my latest math-
ematical conjecture?

Why are these queries difficult (too difficult for Google-style keyword search unless
one invests a huge amount of time to manually explore large result lists with mostly ir-
relevant and some mediocre matches)? For Q1 no single Web site is a good match; rather
one has to look at several pages together within some bounded context: the homepage of
a professor with his address, a page with course information linked to by the homepage,
and a research project page on semistructured data management that is a few hyper-
links away from the homepage. Q2 would be easy if asked for a single bioinformatics
database with a familiar query interface, but searching the answer across the entire Web
and Deep Web requires discovering all relevant data sources and unifying their query
and result representations on the fly. Q3 is not a query in the traditional sense, but re-
quires gathering a substantial number of key resources with valuable information on the
given topic; it would be best served by looking up a well maintained Yahoo-style topic
directory, but highly specific expert topics are not covered there. Q4 cannot be easily
answered because a good match does not necessarily contain the keywords “woman”,
“prophecy”, “nobleman”, etc., but may rather say something like “Third witch: All hail,
Macbeth, thou shalt be king hereafter!” and the same document may contain the text
“All hail, Macbeth! hail to thee, thane of Glamis!”. So this query requires some back-
ground knowledge to recognize that a witch is a woman, “shalt be” refers to a prophecy,
and thane is a title for a Scottish nobleman. Q5 is similar to Q4 in the sense that it also
requires background knowledge, but it is more difficult because it additionally requires
putting together various information fragments: conferences on which I served on the
PC found in my email archive, PC members of conferences found on Web pages, and
detailed information found on researchers’ homepages. And after having identified a
candidate like Sophie Cluet from Paris, one needs to infer that Sophie is a typical fe-
male first name and that Paris most likely denotes the capital of France rather than the
500-inhabitants town of Paris, Texas, that became known through a movie. Q6 finally
is what some researchers call “Al-complete”, it will remain a challenge for a long time.

For a human expert who is familiar with the corresponding topics, none of these
queries is really difficult. With unlimited time, the expert could easily identify rele-
vant pages and combine semantically related information units into query answers. The
challenge is to automate or simulate these intellectual capabilities and implement them
so that they can handle billions of Web pages and petabytes of data in structured (but
schematically highly diverse) Deep-Web databases.
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2 The Need for Statistics

What if all Web pages and all Web-accessible data sources were in XML, RDF, or OWL
(a description-logic representation) as envisioned in the Semantic Web research direc-
tion [25, 1]? Would this enable a search engine to effectively answer the challenging
queries of the previous section? And would such an approach scale to billions of Web
pages and be efficient enough for interactive use? Or could we even load and integrate
all Web data into one gigantic database and use XQuery for searching it?

XML, RDF, and OWL offer ways of more explicitly structuring and richly annotat-
ing Web pages. When viewed as logic formulas or labeled graphs, we may think of the
pages as having “semantics”, at least in terms of model theory or graph isomorphisms'.
In principle, this opens up a wealth of precise querying and logical inferencing op-
portunities. However, it is extremely unlikely that all pages will use the very same tag
or predicate names when they refer to the same semantic properties and relationships.
Making such an assumption would be equivalent to assuming a single global schema:
this would be arbitrarly difficult to achieve in a large intranet, and it is completely
hopeless for billions of Web pages given the Web’s high dynamics, extreme diversity
of terminology, and uncertainty of natural language (even if used only for naming tags
and predicates). There may be standards (e.g., XML schemas) for certain areas (e.g.,
for invoices or invoice-processsing Web Services), but these will have limited scope
and influence. A terminologically unified and logically consistent Semantic Web with
billions of pages is hard to imagine.

So reasoning about diversely annotated pages is a necessity and a challenge. Simi-
larly to the ample research on database schema integration and instance matching (see,
e.g., [49] and the references given there), knowledge bases [50], lexicons, thesauri [24],
or ontologies [58] are considered as the key asset to this end. Here an ontology is un-
derstood as a collection of concepts with various semantic relationships among them;
the formal representation may vary from rigorous logics to natural language. The most
important relationship types are hyponymy (specialization into narrower concepts) and
hypernymy (generalization into broader concepts).

To the best of my knowledge, the most comprehensive, publicly available kind of
ontology is the WordNet thesaurus hand-crafted by cognitive scientists at Princeton
[24]. For the concept “woman” WordNet lists about 50 immediate hyponyms, which
include concepts like “witch” and “lady” which could help to answer queries like Q4
from the previous section. However, regardless of whether one represents these hy-
ponymy relationships in a graph-oriented form or as logical formulas, such a rigid “true-
or-false” representation could never discriminate these relevant concepts from the other
48 irrelevant and largely exotic hyponyms of “woman”. In information-retrieval (IR)
jargon, such an approach would be called Boolean retrieval or Boolean reasoning; and
IR almost always favors ranked retrieval with some quantitative relevance assessment.
In fact, by simply looking at statistical correlations of using words like “woman” and
“lady” together in some text neighborhood within large corpora (e.g., the Web or large
digital libraries) one can infer that these two concepts are strongly related, as opposed
to concepts like “woman” and “siren”. Similarly, mere statistics strongly suggests that

! Some people may argue that all computer models are mere syntax anyway, but this is in the
eye of the beholder.
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a city name “Paris” denotes the French capital and not Paris, Texas. Once making a
distinction of strong vs. weak relationships and realizing that this is a full spectrum, it
becomes evident that the significance of semantic relationships needs to be quantified
in some manner, and the by far best known way of doing this (in terms of rigorous
foundation and rich body of results) is by using probability theory and statistics.

This concludes my argument for the necessity of a “statistically semantic” Web. The
following sections substantiate and illustrate this point by sketching various technical
issues where statistical reasoning is key. Most of the discussion addresses how to handle
non-schematic XML data; this is certainly still a good distance from the Semantic Web
vision, but it is a decent and practically most relevant first step.

3 Towards More “Semantics’ in Searching XML and Web Data

Non-schematic XML data that comes from many different sources and inevitably ex-
hibits heterogeneous structures and annotations (i.e., XML tags) cannot be adequately
searched using database query languages like XPath or XQuery. Often, queries either
return too many or too few results. Rather the ranked-retrieval paradigm is called for,
with relaxable search conditions, various forms of similarity predicates on tags and con-
tents, and quantitative relevance scoring. Note that the need for ranking goes beyond
adding Boolean text-search predicates to XQuery. In fact, similarity scoring and rank-
ing are orthogonal to data types and would be desirable and beneficial also on structured
attributes such as time (e.g., approximately in the year 1790), geographic coordinates
(e.g., near Paris), and other numerical and categorical data types (e.g., numerical sensor
readings and music style categories).

Research on applying IR techniques to XML data has started five years ago with the
work [26,55,56,60] and has meanwhile gained considerable attention. This research
avenue includes approaches based on combining ranked text search with XPath-style
conditions [4,13,35,11,31,38], structural similarities such as tree-editing distances
[5,54, 69, 14], ontology-enhanced content similarities [60, 61, 52], and applying proba-
bilistic IR and statistical language models to XML [28, 2].

Our own approach, the XXL? query language and search engine [60, 61, 52], com-
bines a subset of XPath with a similarity operator ~ that can be applied to element or
attribute names, on one hand, and element or attribute contents, on the other hand. For
example, the queries Q1 and Q4 of Section 1 could be expressed in XXL as follows
(and executed on a heterogeneous collection of XML documents):

Ql: Select * From Index Q4: Select * From Index
Where “professor As P Where ~“drama//scene As S
And P = "Saarbruecken" And S// speaker = "“woman"
And P// course = "TIR" And S// speech = "king"
And P// research = "“XML" And S// person = "“nobleman"

Here XML data is interpreted as a directed graph, including href or XLink/XPointer
links within and across documents that go beyond a merely tree-oriented approach. End
nodes of connections that match a path condition suchas drama//scene are bound
to node variables that can be referred to in other search conditions. Content conditions

2 Flexible XML Search Language.
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such as = "~woman" are interpreted as keyword queries on XML elements, using
IR-style measures (based on statistics like term frequencies and inverse element fre-
quencies) for scoring the relevance of an element. In addition and most importantly, we
allow expanding the query by adding “semantically” related terms taken from an on-
tology. In the example, “woman” could be expanded into “woman wife lady girl witch
...”7. The score of a relaxed match, say for an element containing “witch”, is the prod-
uct of the traditional score for the query “witch” and the ontological similarity of the
query term and the related term, sim(woman, witch) in the particular example. Ele-
ment (or attribute) name conditions such as ~course are analogously relaxed, so that,
for example, tag names “teaching”, “class”, or “seminar” would be considered as ap-
proximate matches. Here the score is simply the ontological similarity, for tag names
are only single words or short composite words. The result of an entire query is a ranked
list of subgraphs of the XML data graph, where each result approximately matches all
query conditions with the same binding of all variables (but different results have differ-
ent bindings). The total score of a result is computed from the scores of the elementary
conditions using a simple probabilistic model with independence assumptions, and the
result ranking is in descending order of total scores.

Query languages of this kind work nicely on heterogeneous and non-schematic
XML data collections, but the Web and also large fractions of intranets are still mostly in
HTML, PDF, and other less structured formats. Recently we have started to apply XXL-
style queries also to such data by automatically converting Web data into XML format.
The COMPASS? search engine that we have been building supports XML ranked re-
trieval on the full suite of Web and intranet data including combined data collections
that include both XML documents and Web pages [32]. For example, query Q1 can be
executed on an index that is built over all of DBLP (cast into XML) and the crawled
homepages of all authors and other Web pages reachable through hyperlinks. Figure 1
depicts the visual formulation of query Q1. Like in the original XXL engine, conditions
with the similarity operator ~ are relaxed using statistically quantified relationships
from the ontology.

The COMPASS Search Engine

Select Variables [ | Index Name \wER Ontology Simitarity Threshold 01| Max. resultspage
[&]
] A
L .
¥ ~professor
= P ~course = ~IR
Saarbruecken
(o4

~research = ~XML

Fig. 1. Visual COMPASS Query

3 Concept-oriented Multi-format Portal-aware Search System.
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The conversion of HTML and other formats into XML is based on relatively simple
heuristic rules, for example, casting HTML headings into XML element names. For
additional automatic annotation we use the information extraction component ANNIE
that is part of the GATE System developed at the University of Sheffield [20]. GATE
offers various modules for analyzing, extracting, and annotating text; its capabilities
range from part-of-speech tagging (e.g., for noun phrases, temporal adverbial phrases,
etc.) and lexicon lookups (e.g., for geographic names) to finite state transducers for an-
notations based on regular expressions (e.g., for dates or currency amounts). One par-
ticularly useful and fairly light-weight component is the Gazetteer Module for named
entity recognition based on part-of-speech tagging and a large dictionary containing
names of cities, countries, person names (e.g., common first names), etc. This way one
can automatically generate tags like <location> and <person>. For example, we
were able to annotate the popular Wikipedia open encyclopdia corpus this way, gener-
ating about 2 million person and location tags. And this is the key for more advanced
“semantics-aware” search on the current Web. For example, searching for Web pages
about the physicist Max Planck would be phrased as person = "Max Planck",
and this would eliminate many spurious matches that a Google-style keyword query
“Max Planck” would yield about Max Planck Institutes and the Max Planck Society*.

There is a rich body of research on information extraction from Web pages and
wrapper generation. This ranges from purely logic-based or pattern-matching-driven
approaches (e.g., [51, 17, 6, 30]) to techniques that employ statistical learning (e.g., Hid-
den Markov Models) (e.g., [15,16,39,57,40]) to infer structure and annotations when
there is too much diversity and uncertainty in the underlying data. As long as all pages
to be wrapped come from the same data source (with some hidden schema), the logic-
based approaches work very well. However, when one tries to wrap all homepages of
DBLP authors or the course programs of all computer science departments in the world,
uncertainty is inevitable and statistics-driven techniques are the only viable ones (unless
one is willing to invest a lot of manual work for traditional schema integration, writing
customized wrappers and mappers).

Despite advertising our own work and mentioning our competitors, the current re-
search projects on combining IR techniques and statistical learning with XML query-
ing is still in an early stage and there are certainly many open issues and opportunities
for further research. These include better theoretical foundations for scoring models
on semistructured data, relevance feedback and interactive information search, and, of
course, all kinds of efficiency and scalability aspects. Applying XML search techniques
to Web data is in its infancy; studying what can be done with named-entity recog-
nition and other automatic annotation techniques and understanding the interplay of
queries with such statistics-based techniques for better information organization are
widely open fields.

4 Statistically Quantified Ontologies

The important role of ontologies in making information search more “semantics-aware”
has already been emphasized. In contrast to most ongoing efforts for Semantic-Web on-

* Germany’s premier scientific society, which encompasses 80 institutes in all fields of science.
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tologies, our work has focused on quantifying the strengths of semantic relationships
based on corpus statistics [52,59] (see also the related work [10,44,22,36] and further
references given there). In contrast to early IR work on using thesauri for query expan-
sion (e.g., [64]), the ontology itself plays a much more prominent role in our approach
with carefully quantified statistical similarities among concepts.

Consider a graph of concepts, each characterized by a set of synonyms and, op-
tionally, a short textual description, connected by “typed” edges that represent different
kinds of relationships: hypernyms and hyponyms (generalization and specialization,
aka. is-a relations), holonyms and meronyms (part-of relations), is-instance-of relations
(e.g., Cinderella being an instance of a fairytale or IBM Thinkpad being a notebook),
to name the most important ones.

The first step in building an ontology is to create the nodes and edges. To this end,
existing thesauri, lexicons, and other sources like geographic gazetteers (for names of
countries, cities, rivers, etc. and their relationships) can be used. In our work we made
use of the WordNet thesaurus [24] and the Alexandria Digital Library Gazetteer [3], and
also started extracting concepts from page titles and href anchor texts in the Wikipedia
encyclopedia. One of the shortcomings of WordNet is its lack of instances knowledge,
for example, brand names and models of cars, cameras, computers, etc. To further en-
hance the ontology, we crawled Web pages with HTML tables and forms, trying to
extract relationships between table-header column and form-field names and the values
in table cells and the pulldown menus of form fields. Such approaches are described
in the literature (see, e.g., [21, 63, 68]). Our experimental findings confirmed the poten-
tial value of these techniques, but also taught us that careful statistical thresholding is
needed to eliminate noise and incorrect inferencing, once again a strong argument for
the use of statistics.

Once the concepts and relationships of a graph-based ontology are constructed, the
next step is to quantify the strengths of semantic relationships based on corpus statistics.
To this end we have performed focused Web crawls and use their results to estimate
statistical correlations between the characteristic words of related concepts. One of the
measures for the similarity of concepts c1 and c2 that we used is the Dice coefficient

) 2|{docs with c1} N {docs with ¢2}|
D 1,¢2) =
ice(cl, c2) [{docs with c1}| + |{docs with c2}]

In this computation we represent concept ¢ by the terms taken from its set of syn-
onyms and its short textual description (i.e., the WordNet gloss). Optionally, we can add
terms from neighbors or siblings in the ontological graph. A document in the corpus is
considered to contain concept c if it contains at least one word of the term set for c,
and considered to contain both c1 and ¢2 if it contains at least one word from each of
the two term sets. This is a heuristics; other approaches are conceivable which we are
investigating.

Following this methodology, we constructed an ontolgy service [59] that is accessi-
ble via Java RMI or as a SOAP-based Web Service described in WSDL. The service is
used in the COMPASS search engine [32], but also in other projects. Figure 2 shows a
screenshot from our ontology visualization tool.

One of the difficulties in quantifying ontological relationships is that we aim to
measure correlations between concepts but merely have statistical information about



10 Gerhard Weikum et al.
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Fig. 2. Ontology Visualization

correlations between words. Ideally, we should first map the words in the corpus onto
the corresponding concepts, i.e., their correct meanings. This is known as the word
sense disambiguation problem in natural language processing [45], obviously a very
difficult task because of polysemy. If this were solved it would not only help in deriv-
ing more accurate statistical measures for “semantic” similarities among concepts but
could also potentially boost the quality of search results and automatic classification of
documents into topic directories. Our work [59] presents a simple but scalable approach
to automatically mapping text terms onto ontological concepts, in the context of XML
document classification. Again, statistical reasoning, in combination with some degree
of natural language parsing, is key to tackling this difficult problem.

Ontology construction is a highly relevant research issue. Compared to the ample
work on knowledge representations for ontological information, the aspects of how to
“populate” an ontology and how to enhance it with quantitative similarity measures
have been underrated and deserve more intensive research.

S Efficient Top-k Query Processing with Probabilistic Pruning

For ranked retrieval of semistructured, “semantically” annotated data, we face the prob-
lem of reconciling efficiency with result quality. Usually, we are not interested in a
complete result but only in the top-k results with the highest relevance scores. The
state-of-the-art algorithm for top-k queries on multiple index lists, each sorted in de-
scending order of relevance scores, is the Threshold Algorithm, TA for short [23,33,
47]. It is applicable to both relational data such as product catalogs and text documents
such as Web data. In the latter case, the fact that TA performs random accesses on very
long, disk-resident index lists (e.g., all URLs or document ids for a frequently occurring
word), with only short prefixes of the lists in memory, makes TA much less attractive,
however.
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In such a situtation, the TA variant with sorted access only, coined NRA (no random
accesses), stream-combine, or TA-sorted in the literature, is the method of choice [23,
34]. TA-sorted works by maintaining lower bounds and upper bounds for the scores of
the top-k candidates that are kept in a priority queue in memory while scanning the in-
dex lists. The algorithm can safely stop when the lower bound for the score of the rank-k
result is at least as high as the highest upper bound for the scores of the candidates that
are not among the current top-k. Unfortunately, albeit theoretically instance-optimal for
computing a precise top-k result [23], TA-sorted tends to degrade in performance when
operating on a large number of index lists. This is exactly the case when we relax query
conditions such as ~speaker = ~woman using semantically related concepts from
the ontology”. Even if the relaxation uses a threshold for the similarity of related con-
cepts, we may often arrive at query conditions with 20 to 50 search terms.

Statistics about the score distributions in the various index lists and some probabilis-
tic reasoning help to overcome this efficiency problem and re-gain performance. In TA-
sorted a top-k candidate d that has already been seen in the index lists in E(d) C [1..m],
achieving score s;(d) in list j (0 < s;(d) < 1), and has unknown scores in the index
lists [1..m] — E(d), satisfies:

lowerd(d) = Z si(d) < s(d) < Z si(d) + Z high; = upperb(d)
JEE(d) JjeE(d) J¢E(d)

where s(d) denotes the total, but not yet known, score that d achieves by summing
up the scores from all index lists in which d occurs, lowerb(d) and upperb(d) are the
lower and upper bounds of d’s score, and high; is the score that was last seen in the
scan of index list j, upper-bounding the score that any candidate may obtain in list j.
A candidate d remains a candidate as long as upperb(d) > lowerb(rank-k) where
rank-k is the candidate that currently has rank k£ with regard to the candidates’ lower
bounds (i.e., the worst one among the current top-k). Assuming that d can achieve a
score high; in all lists in which it has not yet been encountered is conservative and,
almost always, overly conservative. Rather we could treat these unknown scores as
random variables S; (j ¢ E(d)), and estimate the probability that d’s total score can
exceed lowerb(rank-k). Then d is discarded from the candidate list if

Pllowerb(d) + Z S; > lowerb(rank-k)] < ¢
J¢E(d)

with some pruning threshold §.

This probabilistic interpretation makes some small, but precisely quantifiable, po-
tential error in that it could dismiss some candidates too early. Thus, the top-k result
computed this way is only approximate. However, the loss in precision and recall, rel-
ative to the exact top-k result using the same index lists, is stochastically bounded and
can be set according to the application’s needs. A value of § = 0.1 seems to be accept-
able in most situations. Technically, the approach requires computing the convolution

3 Note that the TA and TA-sorted algorithms can be easily modified to handle both element-
name and element-contents conditions (as opposed to mere keyword sets in standard IR and
Web search engines).
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of the random variables S;, based on assumed distributions (with parameter fitting) or
precomputed histograms for the individual index lists and taking into account the cur-
rent high; values, and predicting the (1-J)-quantile of the sum’s distribution. Details
of the underlying mathematics and the implementation techniques for this Prob-sorted
method can be found in [62]. Experiments with the TREC-12 .Gov corpus and the
IMDB data collection have shown that such a probabilistic top-k method gains about a
factor of ten (and sometimes more) in run-time compared to TA-sorted.

The outlined algorithm for approximate top-k queries with probabilistic guarantees
is a versatile building block for XML ranked retrieval. In combination with ontology-
based query relaxation, for example, expanding ~woman into (woman or wife
or witch), it can add index lists dynamically and incrementally, rather than having
to expand the query upfront based on thresholds. To this end, the algorithm consid-
ers the ontological similarity sim(z, j) between concept ¢ from the original query and
concept j in the relaxed query, and multiplies it with the high; value of index list j
to obtain an upper bound for the score (and characterize the score distribution) that a
candidate can obtain from the relaxation j. This information is dynamically combined
with the probabilistic prediction of the other unknown scores and their sum.

The algorithm can also be combined with distance-aware path indexes for XML data
(e.g., the HOPI index structure [53]). This is required when queries contain element-
name and element-contents conditions as well as path conditions of the form
professor//course where matches for “course” that are close to matches for
“professor” should be ranked higher than matches that are far apart. Thus, the Prob-
sorted algorithm covers a large fraction of an XML ranked retrieval engine.

6 Exploiting Collective Human Input

The statistical information considered so far refers to data (e.g., scores in index lists)
or metadata (e.g., ontological similarities). Yet another kind of statistics is information
about user behavior. This could include relatively static properties like bookmarks or
embedded hyperlinks pointing to high-quality Web pages, but also dynamic properties
inferred from query logs and click streams. For example, Google’s PageRank views a
Web page as more important if it has many incoming links and the sources of these
links are themselves high authorities [9, 12]. Technically, this amounts to computing
stationary probabilities for a Markov-chain model that mimics a “random surfer”. What
PageRank essentially does is to exploit the intellectual endorsements that many human
users (or Web administrators on behalf of organizations) provide by means of hyper-
links.

This rationale can be carried over to analyzing and exploiting entire surf trails and
query logs of individual users or an entire user community. These trails, which can
be gathered from browser histories, local proxies, or Web servers, capture implicit user
judgements. For example, suppose a user clicks on a specific subset of the top 10 results
returned by a search engine for a query with several keywords, based on having seen
the summaries of these pages. This implicit form of relevance feedback establishes a
strong correlation between the query and the clicked-on pages. Further suppose that the
user refines a query by adding or replacing keywords, e.g., to eliminate ambiguities in
the previous query. Again, this establishes correlations between the new keywords and
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the subsequently clicked-on pages, but also, albeit possibly to a lesser extent, between
the original query and the eventually relevant pages.

We believe that observing and exploiting such user behavior is a key element in
adding more “semantic” or “cognitive” quality to a search engine. The literature con-
tains some very interesting work in this direction (e.g., [19, 65, 67]), but is rather pre-
liminary at this point. Perhaps, the difficulties in obtaining comprehensive query logs
and surf trails outside of big service providers is a limiting factor in this line of ex-
perimental research. Our own, very recent, work generalizes the notion of a “random
surfer” into a “random expert user” by enhancing the underlying Markov chain to in-
corporate also query nodes and transitions from queries to query refinements as well as
clicked-on documents. Transition probabilities are derived from the statistical analysis
of query logs and click streams. The resulting Markov chain converges to stationary
authority scores that reflect not only the link structure but also the implicit feedback
and collective human input of a search engine’s users [43].

The de-facto monopoly that large Internet service providers have on being able to
observe user behavior and statistically leverage this valuable information may be over-
come by building next-generation Web search engines in a truly decentralized and ide-
ally self-organized manner. Consider a peer-to-peer (P2P) system where each peer has a
full-fledged Web search engine, including a crawler and an index manager. The crawler
may be thematically focused or crawl results may be postprocessed so that the local
index contents reflects the corresponding user’s interest profile. With such a highly spe-
cialized and personalized “power search engine” most queries should be executed lo-
cally, but once in a while the user may not be satisfied with the local results and would
then want to contact other peers. A “good” peer to which the user’s query should be
forwarded would have thematically relevant index contents, which could be measured
by statistical notions of similarity between peers. These measures may be dependent
on the current query or may be query-independent; in the latter case, statistics is used
to effectively construct a “semantic overlay network” with neighboring peers sharing
thematic interests [8, 42,48, 18,7, 66]. Both query routing and “statistically semantic”
networks could greatly benefit from collective human inputs in addition to standard IR
measures like term and document frequencies or term-wise score distributions: know-
ing the bookmarks and query logs of thousands of users would be a great resource to
build on.

Further exploring these considerations on P2P Web search should become a major
research avenue in computer science. Note that our interpretation of Web search in-
cludes ranked retrieval and thus is fundamentally more difficult than Gnutella-style file
sharing or simple key lookups via distributed hash tables. Further note that, although
query routing in P2P Web search resembles earlier work on metasearch engines and
distributed IR (see, e.g., [46] and the references given there), it is much more challeng-
ing because of the large scale and the high dynamics of the envisioned P2P system with
thousands or millions of computers and users.

7 Conclusion

With the ongoing information explosion in all areas of business, science, and soci-
ety, it will be more and more difficult for humans to keep information organized and
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extract valuable knowledge in a timely manner. The intellectual time for schema de-
sign, schema integration, data cleaning, data quality assurance, manual classification,
directory and search result browsing, clever formulation of sophisticated queries, etc.
is already the major bottleneck today, and the situation is likely to become worse. In
my opinion, this will render all attempts to master Web-scale information in a perfectly
consistent, purely logic-based manner more or less futile. Rather, the ability to cope
with uncertainty, diversity, and high dynamics will be mandatory. To this end, statistics
and their use in probabilistic inferences will be key assets.

One may envision a rich probabilistic algebra that encompasses relational or even
object-relational and XML query languages, but interprets all data and results in a prob-
abilistic manner and always produces ranked result result lists rather than Boolean result
sets (or bags). There are certainly some elegant and interesting, but mostly theoretical,
approaches along these lines (e.g., [27,29, 37]). However, there is still a long way to go
towards practically viable solutions. Among the key challenges that need to be tackled
are customizability, composability, and optimizability.

— Customizability: The appropriate notions of ontological relationships, “semantic”
similarities, and scoring functions are dependent on the application. Thus, the envi-
sioned framework needs to be highly flexible and adaptable to incorporate applica-
tion-specific or personalized similarity and scoring models.

— Composability: Algebraic building blocks like a top-k operator need to be com-
posable so as to allow the construction of rich queries. The desired property that
operators produce ranked list with some underlying probability (or “score mass”)
distribution poses a major challenge, for we need to be able to infer these probabil-
ity distributions for the results of complex operator trees. This problem is related
to the difficult issues of selectivity estimation and approximate query processing in
a relational database, but goes beyond the state of the art as it needs to incorporate
text term distributions and has to yield full distributions at all levels of operator
trees.

— Optimizability: Regardless of how elegant a probabilistic query algebra may be, it
would not be acceptable unless one can ensure efficient query processing. Perfor-
mance optimization requires a deep understanding of rewriting complex operator
trees into equivalent execution plans that have significantly lower cost (e.g., pushing
selections below joins or choosing efficient join orders). At the same time, the top-
k querying paradigm that avoids computing full result sets before applying some
ranking is a must for efficiency, too. This combination of desiderata leads to a great
research challenge in query optimization for a ranked retrieval algebra.
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Abstract. This paper introduces the application of Business Intelli-
gence (BI) technologies in metallurgical manufacturing enterprises in
China. It sets forth the development procedure and successful cases of BI
in Shanghai Baoshan Iron & Steel Co., Ltd (Shanghai Basteel in short),
and puts forward the methodology adaptable to the construction of BI
systems in the metallurgical manufacturing enterprises in China. Finally,
it prospects the next generation of BI technologies in Shanghai Baosteel.
It should be mentioned as well that it is the Data Strategies Dept of
Shanghai Baosight Software Co., Ltd (Shanghai Baosight in short) and
the Technology Center of Shanghai Baoshan Iron & Steel Co., Ltd. that
supports and does research works on BI solutions in Shanghai Baosteel.

1 Introduction

1.1 The Application of BI Technologies in Metallurgical
Manufacturing Enterprises in the World

The executives of enterprises sometimes are totally at a loss when they face with
the explosive increasing data from different kinds of application systems with
different levels such as MES, ERP, CRM, SCM, etc. Statistics show that the
amount of data will be doubled within eighteen months. But among them, how
much do we really need, and how much do we really can use for the further
analysis? The main advantage of BI technologies is to discover and turn these
massive data into the useful information for enterprise decision-making.

The researches and application of BI have become a hot topic in global IT
area since the term of BI technology was first brought forward by Howard Dres-
ner from Gartner Group in 1989. Through our years practice, we consider BI a
concept rather than an information technology. It is a business concept in solv-
ing the problems for enterprise production, operation, management, and etc.
Taking enterprise data warehouse as basis, the BI technologies uses professional

P. Atzeni et al. (Eds.): ER 2004, LNCS 3288, pp. 18-29, 2004.
© Springer-Verlag Berlin Heidelberg 2004



The Application and Prospect of Business Intelligence 19

knowledge and special data mining technologies to disclose key factors in solving
business problems, and assisting operational management and decision-making.

As the most advanced metallurgical manufacturing enterprise in China, Shang-
hai Baosteel has begun to use BI technologies in solving some key problems in
daily production and management since last decade. It has applied BI tech-
nologies such as data analysis and data mining in both self-motion and self-
consciousness since the development of Solution of Iron Ores Mixing in1995, and
thereafter quality control system, SPC, IPC, and finally the large-scale enterprise
data warehouse nowadays. In the meantime, Shanghai Baosight has formed its
own characteristics of applying BI in metallurgical manufacturing enterprises, es-
pecially in quality control area. In addition, Shanghai Baosight has cultivated its
experienced professional team in system development and project management.
Following are the some achievements in specific areas.

Data Warehouse: Considering the size, complexity and technical level,
Shanghai Baosteel enterprise data warehouse system is a rare and advanced sys-
tem in China. As a successful BI case, such data warehouse system has become
a model in metallurgical manufacturing today.

Quality Control and Analysis: In such area, many data mining techniques
with high level technologies and characteristics have been widely applied for
quality improvement, and can be extended to other manufacturing enterprises
as well.

SPC and IPC: As basis of quality control, SPC and IPC systems with
special characteristics are commonly used in Shanghai Baosteel. Of course they
are fitted to the other manufacturing enterprises too.

The achievements in the above three areas prove that Shanghai Baosteel is
leading in BI application in metallurgy and manufacturing enterprises in China.
And with experience transfer, the others metallurgy manufacturing enterprises
will follow the step of Shanghai Baosteels. And Shanghai Baosight will go further
too in the related BI application areas.

Comparing with international craft brothers such as POSCO and the United
States Steel Corporation (UEC), Shanghai Baosteel is also among the top in BI
application. UEC once invited Shanghai Baosteel to introduce its experience in
building metallurgical manufacturing enterprise.

1.2 The Information System Development of Shanghai Baosteel

Shanghai Baosteel is the largest and the most modernized iron and steel complex
in China. Baosteel has established its status as a world steel-making giant with
comprehensive advantages in its reputation, talents, innovation, management
and technology. According to the publication ”Guide to the World Steel Indus-
try”, Shanghai Baosteel ranks among the first three of the most competitive
steel-makers worldwide, and is also believed as the most potentially competitive
iron and steel enterprise in the future.

Shanghai Baosteel specializes in producing high-tech and high-value-added
steel products. Meanwhile it has become the main steel supplier to automobile
industries, household appliances, container, oil and natural gas exploration, and
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pressure vessel in China. Meanwhile, Shanghai Baosteel exports its products to
over forty countries and regions including Japan, South Korea and countries in
Europe and America.

All the facilities that the company possesses are based on the advanced tech-
nologies of contemporary steel smelting, cold and hot processing, hydraulic sens-
ing, electronic control, computer and information communications. They feature
large-scale, continuity and automation, and are kept the most advanced technol-
ogy in the world.

Shanghai Baosteel possesses tremendous strength of research and develop-
ment. It has made great efforts in developing new technology, new products
and new equipment, and has accumulated vigorous driving force for company’s
further development.

Shanghai Baosteel is located in Shanghai, China. Its first phase construction
project began on the 23rd of December in 1978, and was completed and put into
production on the 15th of September in 1985. Its second phase project went into
operation in June, 1991 and third phase project was completed before the end
of 2000. Shanghai Baosteel turned to be a stock company officially on the 3rd of
February in 2000, and was successfully listed in Shanghai Security Exchange on
the 12th December in the same year.

In the early days when Shanghai Baosteel was setting up in 1978, the sponsors
considered that they should build up computer systems to assist management.
They realized it should import the most advanced equipments, techniques and
management at the time from Japan, and take some factories of the Nippon
Steel as models.

In May 1981, with the impelling of the minister from the Ministry of the
Metallurgy and Manufacturing, Shanghai Baosteel finished the "the Feasible
Research of the Synthetic Computer System”, and lodged to build Shanghai
Baosteel information system with five-level computer structures by setting up
four area-control computer systems between the L3 systems and the central
management information system.

On the 15th February 1996, Shanghai Baosteel and IBM contracted to im-
port the advanced computer system of IBM 9672 from the US as the area level
management information system of hot and cold rolling areas in phase three
project, changing the way in phase two project that there were two respective
management systems within hot rolling areas and cool rolling areas. The deci-
sion was a revolution on information system construction in Shanghai Baosteel.
And in the coming days, the executives of Shanghai Baosteel decided to build
the comprehensive information system using IBM 9672 to integrate the whole
distributed information systems. They then cancelled the fifth-level management
information system, and the new system was put into production in March 1998,
ensuring the proper production of 1580 hot rolling mill, 1420 cold rolling mill,
and following second steel-making system.

In May 2001, Shanghai Baosteel raised new strategic concept of Enterprise
System Innovation. The ESI system included a three level architecture. First to
rebuild the business processes of Shanghai Baosteel to bring up new effective
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ones; second, to reconstruct the organizational structure on the basis of new
business processes; third to build corresponding information systems to assist to
realize the new business processes. The main objective of ESI system is to help
Shanghai Baosteel to realize its business target, and to be a good competitor
in steel enterprises, and to prepare to face the overall challenges after China
becomes a member of WTO.

The above ESI decision was prospectively made by the executives of Shanghai
Baosteel, to help Baosteel to realize its modernized management, and to be one
of the Global 500 in the world.

And now Shanghai Baosteel has successfully finished its third phase infor-
mation system development. In the first phase project, several process control
systems, self-developed central management system (IBM 4341) with batch pro-
cessing, and PC networks were set up. In the second phase project, process
control systems and product control systems, imported technology based man-
agement information system (IBM 4381) for 2050 hot rolling mill, self-developed
management information system (IBM RS6000) for 2030 cold rolling mill, iron-
making regional management information system, steel-making regional man-
agement information system were built. In the third phase project, better con-
figured process control systems, production control systems for 1580 hot rolling
mill, and 1420, 1550 cold rolling mills, enterprise-wide OA and human resource
management system, and ERP system which included integrated production and
sales system and equipment management system, were successfully developed.

After the three phase project construction, Shanghai Baosteel has formed its
four-level production computer system. In recent years, with ESI concept, many
assisted information systems were set up as well, such as integrated equipment
maintenance management system, data warehouse and data mining applications,
information services system for mills and departments, e-business platform -
BSTEEL.COM online, and Supply Chain Management, etc.

The architecture of Shanghai Baosteel’s information system can be illustrated
as followed.

www.baosteel.com Bsteel.com

(B2B)

ERP (L4)

Fig. 1. Information Architecture of Shanghai Baosteel
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2 Application of Business Intelligence in Shanghai
Baosteel

2.1 The Application and Methodology of Business Intelligence in
Shanghai BaoSteel

As one of the most advanced metallurgical manufacturing enterprises in China,
Shanghai Baosteel is now in its rapid development age. In order to continuously
reduce cost and improve competitiveness in the international or the domestic
markets, executives strongly realize the importance of the followings:

— To speed up the logistic turnover, and to improve the level of the products
turnover.

To stabilize and improve the products quality.

— To promote the sales and related capabilities to expand markets sharing.

— To strengthen the infrastructure of cost and finance.

To optimize the allocation of enterprise resources, which farthest satisfies
the markets’ requirements.

In order to achieve the above objectives, the requirement to build an enterprise
data warehouse system has been raised. In order to satisfy the strategy of Shang-
hai Baosteel’s information development, the data warehouse system should help
Shanghai Baosteel to organize every kind of data required by the enterprise an-
alysts and to transfer all needed information to end users. Then Shanghai Baos-
teel and Shanghai Baosight started to evaluate and plan the data warehouse
system. The evaluation estimates the current enterprise infrastructure and the
operational environments of Shanghai Baosteel. As the high level of information
development, the data warehouse system could be built, and planned to build
the first data warehouse subject area for Shanghai Baosteel - the technique and
quality management data mart.

Currently Shanghai Baosteel builds the enterprise data warehouse system on
two IBM S85 machine with major data source from the ERP system. This data
warehouse system includes ODS data stores, and perfectly integrated subject
data stores according to the ”Quick Data Warehouse Building” methodology.
The first quality management data mart has accumulated much experience, and
it has included the decision supporting information about the related products
and their quality management. Nowadays, the system has already built the enter-
prise statistics management data mart, technique and quality management data
mart, sales and marketing management data mart, production management data
mart, equipment management data mart, finance and cost data mart which in-
cludes planning values, metal balancing, cost analysis, BUPC, finance analysis,
and production administration information system, enterprise guidelines system,
manufacturing mill area analysis which includes steel-making, hot rolling, cold
rolling, etc. The amount of current data in the system is around 2TB, and the
ETL task deals with about 3GB data everyday, and the newly appended data
are about 1GB. In addition, nearly 1700 static analytical reports are produced
each day, and 1600 kinds of dynamic queries are provided synchronously.
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At the same time, through many years’ practice and researches, Shanghai
Baosight has abstracted a set of effective business intelligence solutions for man-
ufacturing industry. This solution is significant for product designing, quality
management, cost management in the metallurgical manufacturing enterprise.
Typically, the implement of business intelligence for metallurgical manufacturer
consists of the following 6 processes that offer the logical segmentation of works,
and check whether the project is built steadily. The following flow chart illus-
trates the overview and work flow for the development phrases of this method-

ology.

> Assessment

= Maintenance
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Fig. 2. The Methodology of the BI construction

1. Assessment
Within this phrase the users’ current situations and conditions should be
studied. These factors will absolutely affect the data warehouse solutions.
The target of phase is to analyze the users’ problems and the methods to
resolve them. The initial assessment should identify and clarify the targets,
and the requirements for the research for clarifying the targets. This kind of
assessment will result in the decision of starting, delaying or the canceling
of a project.

2. Requirements investigation
In this phrase, the project group gathers the high level requirements in the
aspects of operation and information technology (IT), and collects the infor-
mation required by the departments’ targets. The result of this phrase is to
submit a report, which identifies the business purpose, meanings, informa-
tion requirements and the user interfaces. These requirements are also going
to be used in other phases of the project and the design of data warehouse.
In addition, the topic data model and data warehouse subject of enterprise
level are accomplished in this phrase.

3. Design
In the side of subject selection, the item group fasten on the collection de-
tailed information request and designing of the scheme of the data flat roof
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include data, process, application modeling. In this phrase, many kinds of
methods of collect information and test, such as data modeling, processing
modeling, meeting, prototype presentation are used.
Item group evaluate the technology scheme, business request and informa-
tion request. Now, the difference between the IT scheme and the requested
IT scheme is very outstanding. So it is advised that an appropriate data
warehouse design and scheme should be applied.

4. Construction
This phrase includes creating physical databases and data gathering, appli-
cation testing and code review. The manager of the data warehouse and the
leader of end-user should know well the system. After successfully test, the
data platform can be used.

5. Deployment and maintenance
In this phrase, the data warehouse and BI system can be displayed to busi-
ness users. At the same time, trainings to the users should start too. After
deployment, maintenance and users opinions should be considered.

6. Summary
In this phrase, the whole project should be evaluated, and it consists of
three steps. The first is to sum up the success and lessons learned. Second is
to check whether the configuration is realized as expected. If needed, plans
should be changed. The third is to evaluate the influence and the benefit to
the company.

2.2 Successful cases of Shanghai Baosteel’s BI application

Shanghai Baosteel’s BI involves knowledge not only data warehouse, mathemat-
ics and statistics, data mining and knowledge discovery, but also professional
knowledge of metallurgy, automatic control, management, etc. These are the
main characteristics of Shanghai Baosteel’s BI application. And there are many
successful cases in Shanghai Baosteel till now.

— The Production Administration System Based on Data Warehouse
As a metallurgical manufacturing enterprise, rational production and proper
administration is required in Shanghai Baosteel. According to the manage-
ment requirement, in order to report the latest production status to the
high level executives and get the latest guides from top managers, managers
from all mills and functional departments must take part in the morning
conference, which is presided by the general manager assistant or the vice
general manager. Before the data warehouse system is built, the correspond-
ing staff has to go to the production administration center everyday. And
all conference information was organized by a Foxpro system with manual
input, and the data mainly came from the phone and ERP system. The new
production administration system then take the most advantages of enter-
prise data warehouse system. Based on the product information collected by
data warehouse system, the system can automatically organize on Web daily
information of production administration, material flow chart, quality anal-
ysis results, etc., to support the daily production administration and routine
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executives’ morning conference. And now with the online meeting system on
Baosteel intranet, the managers can even take part in the conference and get
all kinds of information in their offices. After the system has been put into
production, it has won itself good reputation.

Integrated Process Control Systems

Quality is the life of the enterprise. In order to challenge the furious com-
petition from the market, continuous improvement on the quality control is
needed. The IPC systems have realized the improvement of the quality dur-
ing the productions with lowest cost, and form the core ability of Shanghai
Baosteel’s QA management - Know How.

As a supporting analysis system, IPC system assists the quality manager’s
control abilities during production processes, advances the technical per-
son’s statistical and analysis abilities, and provides more accurate, conve-
nient and institutional approaches for the operational manipulators to in-
spect products. These systems integrate both high visualized functions and
multi-layered data mining functions in a subtle way.

The Quality Data Mining System

The quality data mart was the first BI system that brought benefits for
Shanghai Baosteel, and it plays a more and more important role in daily
management. On one side, it provides daily reports, and the analysis func-
tions as online quality analysis, capability changing analysis, quality excep-
tion analysis, finished product quality analysis, quality cost statistics, index
data maintenance, integrate analysis, KIV-KOV modeling, and so on. On
the other side the data mart supports well the quality data mining.
Quality data mining system based on data warehouse is strongly aid to the
metallurgy industry. There are many cases of data mining and knowledge dis-
covery, such as reducing sampling of steel ST12, improve the bend strength
of the hot-dip galvanized products of the steel ST06Z, material calculation
design based on knowledge. In the case of reducing the sampling of steel
ST12, the original specification required that it must do sampling at both
head and tail. It cost very much manpower and equipment. After the analysis
of some key indexes such as the bend strength, tensile strength, etc., some

Fig. 3. The Production Admin- Fig.4. The Web Page
istration System of Shanghai of the Storage Presenta-
Baosteel. tion.
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similar analysis results of the head sampling and the tail sampling have been
found out, and the tail sampling was a little bit worse. Through the reviews
of some experts and testing practice, after the April of 2004 Shanghai Baos-
teel released a new operational specification to test only the tail sampling
for steel ST12. As a result, it reduces cost RMB$2.60m annually.

The Iron Ore Mixing System

Raw material mixing is one of the most important jobs at the beginning of
the steel-making. Shanghai Baosteel once faced many problems, such as how
to evaluate a new ore that was not listed in the original ore mixing scheme?
Which sintering ore mostly affect the final quality? Is there one scheme that
can fit all different needs? Can we improve the quality of sintering mine while
at the same time reduce the cost of sinter?

Data mining in the Iron Ore Mixing System is to find out ways to meet the
need of all kinds of sintering ores. The system forecasts the sinter quality
through modeling, supports the mixing method with low cost, creates iron
ore mixing knowledge database, and also provides friendly user interface.
The data mining of iron ore mixing is in four steps: data preparation, iron
ore evaluation with clustering analysis, modeling with neural networks, op-
timization. The evaluation results from the system are almost the same as
those from experts. The forecasting accuracy reaches above 85

A Defect Diagnosis Expert System

The defect diagnosis is an important basis of reliability engineering, and is
and important component and key technology of total quality control. Com-
puter aided defect diagnosis can reduce and prevent the same defects from
occurring repeatedly. It can also assist to provide information for decision-
making.

The system comes from experiments and massive data made by technicians
after real accidents happen. It was developed with computer technologies,
statistics analysis, data mining technologies, and artificial intelligence, and is
consisted of data storage, statistics analysis, knowledge repository, and defect
diagnosis. The system contains both high generalized visualized functions
and multi-layered data mining functions.
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3 The Next Generation of Business Intelligence in
Shanghai Baosteel

Shanghai Baosteel is the main body of Shanghai Baosteel Group. As Shanghai
Baosteel Group became the Fortune’s 2003 Global 500, the application of BI in
Shanghai Baosteel will be strengthened and developed further. Followings are
the tasks to perform.

3.1 Carrying out the Application in Department Level

Shanghai Baosteel will persist in developing its own characteristics of BI, and
will take quality control and synthetic reports as its main goal, and will ex-
tend the combination of IPC, data warehouse and data mining. Quality control
is the everlasting subject in manufacturing and is a durative market in which
product design and development should be strengthened. Nowadays enterprises
emphasize strategies particularly on process improvement in response to both
daily improvements from client’s requirements and drastic competitive market.
In the industrial manufacturing, especially metallurgical manufacturing, there
are many factors that cause quality problems, such as equipment invalidation,
staff’s carelessness, parameter abnormal, raw material differences, fluctuating
settings. Especially in large steel enterprises with complicated business and tech-
nical flows, ” Timely finding and forecasting exceptions, promptly controlling and
quality analysis” is a necessity.

Therefore based on the quality control notion of 6 sigma, the application
which based on data warehouse technologies, together with process control, fuzzy
control, neural networks, expert system, data mining, can be applied in compli-
cated working procedure as blast furnace, iron- making, steel-making, continuous
casting, steel rolling. It is certainly the road to develop further the BI in depart-
ment level.
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3.2 Strengthening Researches on Application of BI
in Enterprise Level

In enterprise level there are many requirements, which can lead to data ware-
house based EIS, Key Performance Indexes (KPI) system, etc.

KPI is a measurable management target which can set, sample, calculate and
analyze the key parameters of the internal organization flow’s input and output.
It is a tool that can decompose the organizational strategic goal to the opera-
tional tasks, and is the basis of the organizational performance management. It
can make the definite responsibilities to a department manager, and extend to
the staff in the department. So building a definite credible KPI system is the
sticking point for a good performance management.

3.3 Following up the Technical Tide of BI
and Applying New Technologies into Industry

BI is a subject which overlaps many disciplines. Shanghai Baosteel and Shang-
hai Baosight are actively following up the technical tide of BI and researching
new BI techniques in the metallurgical manufacturing among fields as stream
data management, text (message) data mining, KPI practice in manufacturing,
customized information based on position, knowledge management, etc.

Stream data management: Data which from L3 system (production control
system) has the characteristics of stream data, so the knowledge of stream data
management can be applied when IPC systems need to analyze timely and do
data mining on the production line.

Text (message) data mining: Data communication between the ERP system
and other information systems of Shanghai Baosteel are implemented by mes-
sages. All the messages have been extracted and loaded into data warehouse
system. So how to use text mining techniques to analyze and solve exceptions
quickly will be a new challenge.

The practice of KPI in manufacturing, customized information based on po-
sition, and knowledge management are new subjects and trends to provide ex-
tensive BI application in metallurgical manufacturing.

Meanwhile, Shanghai Baosight and Technology Center of Shanghai Baosteel
are fully taking the advantage of the previous experience to develop the data
mining tools which have independent knowledge property rights. Practical Miner
from Technology Center has been popular in Shanghai Baosteel for years, while
Shanghai Baosight is developing a data mining tool according to the standards
of CWM1.1 and CORBA, and is expected to release early in 2005.

4 Conclusions

Shanghai Baosteel is leading in Chinese metallurgical manufacturing industry,
while it is a leader in BI application as well. With many years’ application and
practice, it has benefited much from BI. And it will pursue an even further goal
in BI in the near future.
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Abstract. Much research has been devoted over the years to investigating and
advancing the techniques and tools used by analysts when they model. As op-
posed to what academics, software providers and their resellers promote as
should be happening, the aim of this research was to determine whether practi-
tioners still embraced conceptual modelling seriously. In addition, what are the
most popular techniques and tools used for conceptual modelling? What are the
major purposes for which conceptual modelling is used? The study found that
the top six most frequently used modelling techniques and methods were ER
diagramming, data flow diagramming, systems flowcharting, workflow model-
ling, RAD, and UML. However, the primary contribution of this study was the
identification of the factors that uniquely influence the continued-use decision
of analysts, viz., communication (using diagrams) to/from stakeholders, internal
knowledge (lack of) of techniques, user expectations management, understand-
ing models integration into the business, and tool/software deficiencies.

1 Introduction

The areas of business systems analysis, requirements analysis, and conceptual model-
ling are well-established research directions in academic circles. Comprehensive
analytical work has been conducted on topics such as data modelling, process model-
ling, meta modelling, model quality, and the like. A range of frameworks and catego-
risations of modelling techniques have been proposed (e.g. [6, 9]). However, they
mostly lack an empirical foundation. Thus, it is difficult to provide solid statements
on the importance and potential impact of related research on the actual practice of
conceptual modelling.

More recently, Wand and Weber [13, p. 364] assume “the importance of concep-
tual modelling” and they state “Practitioners report that conceptual modelling is diffi-
cult and that it often falls into disuse within their organizations.” Unfortunately, anec-
dotal feedback to us from information systems (IS) practitioners confirmed largely the
assertion of Wand and Weber [13]. Accordingly, as researchers involved in attempt-
ing to advance the theory of conceptual modelling in organisations, we were con-
cerned to determine that practitioners still found conceptual modelling useful and that
they were indeed still performing conceptual modelling as part of their business sys-
tems analysis processes. Moreover, if practitioners still found modelling useful, why

P. Atzeni et al. (Eds.): ER 2004, LNCS 3288, pp. 3042, 2004.
© Springer-Verlag Berlin Heidelberg 2004
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did they find it useful and what were the major factors that inhibited the wider use of
modelling in their projects. In this way, the research that we were performing would
be relevant for the practice of information systems development (See the IS Rele-
vance debate on ISWorld, February 2001).

Hence, the research in this paper is motivated in several ways. First, we want to ob-
tain empirical data that conceptual modelling is indeed being performed in IS practice
in Australia. Such data will give overall assurance to the practical relevance of the
research that we perform in conceptual modelling. Second, we want to find out what
are the principal tools, techniques, and purposes for which conceptual modelling is
performed currently in Australia. In this way, researchers can obtain valuable infor-
mation to help them direct their research towards aspects of conceptual modelling that
contribute most to practice. Finally, we were motivated to perform this study so that
we could gather and analyse data on major problems and benefits unique to the task of
conceptual modelling in practice.

So, this research aims to provide current insights into actual modelling practice.
The underlying research question is “Do practitioners actually use conceptual model-
ling in practice?” The derived and more detailed questions are:

What are popular tools and techniques used for conceptual modelling in Australia?
What are the purposes of modelling?
What are major problems and benefits unique to modelling?

In order to provide answers for these questions, an empirical study using a web-
based questionnaire has been designed. The goal was to determine what modelling
practices are being used in business, as opposed to what academics, software provid-
ers and their resellers believe should be used. In summary, we found that the current
state of usage of business systems/conceptual modelling in Australia is: ER diagram-
ming, data flow diagramming, systems flowcharting, and workflow modelling being
most frequently used for database design and management, software development,
documenting and improving business processes. Moreover, this modelling work is
supported in most cases by the use of Visio (in some version) as an automated tool.
Furthermore, planned use of modelling techniques and tools into the short-term future
appears to be expected to reduce significantly compared to current usage levels.

The remainder of the paper unfolds in the following manner. The next section re-
views the related work in terms of empirical data in relation to conceptual modelling
practice. The third section explains briefly the instrument and methodology used.
Then, an overview of the quantitative results of the survey is given. The fifth section
presents succinctly the results of the analysis of the textual data on the problems and
benefits of modelling. The last section concludes and gives an indication of further
work planned.

2 Related Work

Over the years, much work has been done on how to do modelling — the quality, cor-
rectness, completeness, goodness of representation, understandability, differences
between novice and expert modellers, and many other aspects (e.g., [7]). Compara-
tively little empirical work however has been undertaken on modelling in practice.
Floyd [3] and Necco et al. [8] conducted comprehensive empirical work into the use
of modelling techniques in practice but that work is now considerably dated. Batra
and Marakas [1] attempted to address this problem of a lack of current empirical evi-
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dence however their work focused on comparing the perspectives of the academic and
practitioner communities regarding the applications of conceptual data modelling.
Indeed, these authors simply reviewed the academic and practitioner literatures with-
out actually collecting primary data on the issue. Moreover, their work is now dated.
However, it is interesting that they (p. 189) observe “there is a general lack of any
substantive evidence, anecdotal or empirical, to suggest that the concepts are being
widely used in the applied design environment.” Batra and Marakas [1, p. 190] state
that “Researchers have not attempted to conduct case or field studies to gauge the
cost-benefits of enterprise-wide conceptual data modelling (CDM).” This research has
attempted to address the problems alluded to by Batra and Marakas [1].

Tivari [4] provided some data on these questions in a Finnish study of the percep-
tions of effectiveness of CASE tools. However, he found the adoption rate of CASE
tools by developers in organisations very low (and presumably the extent of concep-
tual modelling to be low as well). More recently, Persson and Stirna [10] noted the
problem, however, their work was limited in that it was only an exploratory study into
practice. Most recently, Chang et al. [2] conducted 11 interviews with experienced
consultants in order to explore the perceived advantages and disadvantages of busi-
ness process modelling. This descriptive study did not, however, investigate the criti-
cal success factors of process modelling. Sedera et al. [11] have conducted three case
studies to determine a process modeling success model, however they have not yet
reported on a planned empirical study to test this model. Furthermore, the studies by
Chang et al. [2] and Sedera et al. [11] are limited to the area of process modeling.

3 Methodology

This study was conducted in the form of a web-based survey issued with the assis-
tance of the Australian Computer Society (ACS) to its members. The survey consisted
of seven pages'. The first page explained the objectives of our study. It also high-
lighted the available incentive, i.e., free participation in one of five workshops on
business process modelling. The second page asked for the purpose of the modelling
activities. In total, 17 purposes (e.g., database design and management, software de-
velopment) were made available. The respondents were asked to evaluate the rele-
vance of each of these purposes using a five-point Likert scale ranging from 1 (not
relevant) to 5 (highly relevant). The third page asked for the modelling techniques?
used by the respondent. It provided a list of 18 different modelling techniques ranging
from data flow diagram and ER diagrams, to the various IDEF standards, up to UML.
For each modelling technique, the participants had to provide information about the
past, current and future use of the modelling technique. It was possible to differentiate
between infrequent and frequent use. Furthermore, participants could indicate whether
they knew the technique or did not use it at all. It was possible also to add further
modelling techniques that they used. The fourth page was related to the modelling
tools. Following the same structure as for the modelling technique, a list of 24 model-
ling tools was provided. A hyperlink provided a reference to the homepage of each
tool provided. It was clarified also if a tool had been known under a different name

' A copy of the survey pages is available from the authors on request.
2 ‘Technique’ here is used as an umbrella term referring to the constructs of the technique,
their rules of construction, and the heuristics and guidelines for refinement.
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(e.g., Designer2000 for the Oracle9i Developer Suite). The fifth page explored quali-
tative issues. Participants were asked to list major problems and issues they had ex-
perienced with modelling as well as perceived key success factors. On the sixth page,
demographic data was collected. This data included person type (practitioner, aca-
demic or student), years of experience in business systems analysis and modelling,
working area (business or IT), training in modelling and the size of the organisation.
The seventh page allowed contact details for the summarised results of the study and
the free workshop to be entered. The instrument was piloted with 25 members of two
research centres as well as with a selected group of practitioners. Minor changes were
made based on the experiences within this pilot.

A major contribution of this paper is an examination of the data gathered through
the fifth page of the survey. This section of the survey asked respondents to list criti-
cal success factors for them in the use of conceptual modelling and problems or issues
they encountered in successfully undertaking modelling in their organisations. The
phenomena that responses to these questions allowed us to investigate were why do
we continue/discontinue to use a technical method (implemented using a technologi-
cal tool) — conceptual modelling. To analyse these phenomena, we used the following
procedure:

1. What responses confirm the factors we already know about in regard to these phe-
nomena; and

2. What responses are identifying new factors that are unique to the domain of con-
ceptual modelling?

To achieve step 1, we performed a review of the current thinking and literature in
the areas of adoption and continued use of a technology. Then, using Nvivo 2, one
researcher classified the textual comments, where relevant, according to these known
factors. This researcher’s classification was then reviewed and confirmed with a sec-
ond researcher. The factors identified from the literature and used in this first phase of
the process are summarised and defined in Table 1.

After step 1, there remained factors that did not readily fit into one or other of the
known factor categories. These unclassified responses had the potential to provide us
with insight on factors unique and important to the domain of conceptual modelling.
However, the question was how to derive this information in a relatively objective
and unbiased manner from the textual data. We used a new state-of-the-art textual
content analysis tool called Leximancer®. Using this tool, we identified from the un-
classified text five new factors specific to conceptual modelling. Subsequently, one
researcher again classified the remaining responses using these newly identified fac-
tors. His classification was reviewed and confirmed by a second researcher. Finally,
the relative importance of each of the new factors was determined.

3.1 Why Use Leximancer?

The Leximancer system allows its users to analyse large amounts of text quickly. The
tool performs this analysis both systematically and graphically by creating a map of
the constructs — the document map — that are displayed in such a manner that links to
related subtext may be subsequently explored. Each of the words on the document
map represents a concept that was identified. The concept is placed on the map in

3 For more information on Leximancer, see www.leximancer.com
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Table 1. Summary of Factors identified for initial analysis

Factor Definition Source(s)
Relative The degree to which adopting/using the tech- Karahanna et al,
Advantage nique is perceived as being better than using the [51

practise it supersedes.
Image The degree to which adoption/usage of the tech- | Karahanna et al,
nique is perceived to enhance ones image or [5]
status.
Compatibility The degree to which adopting the technique is Tan and Teo,
compatible with the individual's job responsibili- | [12]
ties and value system.
Complexity The degree to which using a particular technique | Karahanna et al,
is free from effort. [5]
Trialability The degree to which one can experiment with the | Karahanna et al,
technique on a limited basis before making an [5]
adoption or rejection decision.
Risk The degree of perceived risk that accompanies Tan and Teo,
the adoption of the technique. [12]
Visibility The degree to which the technique is visible Karahanna et al,
within the organisation. [5]
Results The degree to which results of adopting/using the | Karahanna et al,
Demonstrability technique are observable and communicable to [5]
others.
Subjective Generated by the normative beliefs that a re- Karahanna et al,
Norms spondent attributes to what relevant others [5]
(colleagues/peers/respected management) expect
them to do with respect to adopting the technique
as well as their motivation to comply with those
beliefs.
Self Efficacy Self-confidence in a participant’s own ability to Tan and Teo,
perform a behaviour. [12]
Facilitating Availability of and ease of access to, technologi- | Tan and Teo,
Conditions cal infrastructure and support. [12]
Internalisations Degree to which decisions are motivated by Karahanna et al,
accepting information from expert sources and [51
integrating it into ones cognitive system.
Identification Decisions resulting from feeling some bond with | Karahanna et al,
a likeable source. [5]
Compliance Degree of influence that is produced by a power- | Karahanna et al,
ful source having control over the respondent in [5]
the forms of rewards and punishments.
Top management | Degree of support for the project from middle
support and upper management of the organisation.
Communication Degree to which the decisions or attitudes were
Issues affected by communications problems between
the respondents and key stakeholders within the
organisation.

proximity of other concepts in the map through a derived combination of the direct
and indirect relationships between those concepts. Essentially, the Leximancer system
is a machine-learning technique based on the Bayesian approach to prediction. The
procedure used for this is a self-ordering optimisation technique and does not use
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neural networks. Once the optimal weighted set of words is found for each concept, it
is used to predict the concepts present in fragments of related text. In other words,
each concept has other concepts that it attracts (or is highly associated with contextu-
ally) as well as concepts that it repels (or is highly disassociated with contextually).
The relationships are measured by the weighted sum of the number of times two con-
cepts are found in the same ‘chunk’. An algorithm is used to weight them and deter-
mine the confidence and relevancy of the terms to others in a specific chunk and
across chunks.
Leximancer was selected for this qualitative data analysis for several reasons:

e [ts ability to derive the main concepts within text and their relative importance
using a scientific, objective algorithm;

e Its ability to identify the strengths between concepts (how often they co-occur) —
centrality of concepts;

e [ts ability to assist the researcher in applying grounded theory analysis to a textual
dataset;

e [ts ability to assist in visually exploring textual information for related themes to
create new ideas or theories; and

e [ts ability to assist in identifying similarities in the context in which the concepts
occur — contextual similarity.

4 Survey Results and Discussion

From 674 individuals who started to fill out the survey, 370 actually completed the
entire survey, which leads to a completion rate of 54.8%. Moreover, of the 12,000
members of the ACS, 1,567 indicated in their most recent membership profiles that
they were interested in conceptual modelling/business systems analysis. Accordingly,
our 370 responses indicate a relevant response rate of 23.6%, which is very acceptable
for a survey. Moreover, we offered participation in one of five seminars on business
process modelling free of charge as an inducement for members to participate. This
offer was accepted by 186 of 370 respondents. Corresponding with the nature of the
ACS as a professional organisation, 87% of the participants were practitioners. The
remaining respondents were academics (6%) and students (7%). It is also not a sur-
prise that 85% of the participants characterised themselves as an IT service person
while only 15% referred to themselves as a businessperson or end user.

Sixty-eight percent of the respondents indicated that they gained their knowledge
in Business Systems Analysis from University. Further answers were TAFE (Techni-
cal and Further Education) (6%), ACS (3%). Twenty-three percent indicated that they
did not have any formal training in Business Systems Analysis. Forty percent of the
respondents indicated that they have less than five years experience with modelling.
Thirty-eight percent have between 5 and 15 years of experience. A significant propor-
tion, 22%, has more than 15 years of experience with modelling. These figures indi-
cate that the average expertise of the respondents is supposedly quite high. Twenty-
eight percent of respondents indicated that they worked in firms employing less than
50 people, most likely small software consulting firms. However, a quarter of the
respondents worked in organisations with 1000 or less employees. So, by Australian
standards, they would be involved in software projects of reasonable size.

We were concerned to obtain information in three principle areas of conceptual
modelling in Australia viz., what techniques are used currently in practice, what tools



36 Islay Davies et al.

are used for modelling in practice, and what are the purposes for which conceptual
modelling is used.

Table 2 presents from the data the top six most frequently used modelling tech-
niques. It describes the usage of techniques as not known or not used, infrequently
used (which in the survey instrument was defined as used less than five times per
week), and frequently used. The table clearly demonstrates that the top six most fre-
quently used (used 5 or more times a week) techniques are ER diagramming, data
flow diagramming, systems flowcharting, workflow modelling (range of workflow
modelling techniques), RAD, and UML. It is significant to note that even though
object-oriented analysis, design, and programming has been the predominant para-
digm for systems development over the last decade 64 percent of respondents either
did not know or did not use UML. While not every conceptual modelling technique
available was named in the survey, the eighteen techniques used were selected based
on their popularity reported in prior literature. It is interesting again to note that ap-
proximately 40 percent of respondents (at least) do either not know or use any of the
18 techniques named in the survey.

Table 2. Top six modelling techniques most frequently used

Description Not Known/ | % Infrequently | % Frequently | %
Not Used Used Used

ER diagram 154 42% 70 19% 146 39%
Data flow diagram 152 41% 91 25% 127 34%
System flowcharts 153 43% 94 26% 112 31%
Workflow modelling 187 52% 88 24% 86 24%
RAD (rapid application 227 63% 55 15% 79 22%
development)

UML (unified model- 232 64% 60 16% 72 20%
ling language)

Moreover, while not explicitly reported in Table 2, this current situation of non-
usage appears to be set to increase into the short-term future (next 12 months) as the
planned frequent use of the top four techniques is expected to drop to less than half its
current usage, viz., ER diagramming (17 percent), data flow diagramming (15 per-
cent), systems flowcharting (10 percent), and workflow modelling (12 percent). Fur-
thermore, no increase in the intention to use any of the other techniques was reported,
to balance this out. Perhaps, this short-term trend reflects the perception that the cur-
rent general downturn in the IT industry will persist into the future. Accordingly,
respondents perceive a significant reduction of new developmental work requiring
business systems modelling in the short-term future. It may also just reflect the lack of
planning of future modelling activities.

Our work was also interested in what tools were used to perform the conceptual
modelling work that was currently being undertaken. Table 3 presents the top six
most frequently used tools when performing business systems analysis and design.
The data is reported using the same legend as that used for Table 2.

Again, while not every conceptual modelling tool available was named in the sur-
vey, the twenty-four tools were selected based on their popularity reported in prior
literature. Table 3 clearly indicates that Visio (58 percent — both infrequent and fre-
quent use) is the preferred tool of choice for business systems modelling currently.
This result is not surprising as the top four most frequently used techniques are well
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supported by Visio (in its various versions). A long way second in frequent use is
Rational Rose (19 percent — both infrequent and frequent use) reflecting the current
level of use of object-oriented analysis and design techniques. Again, at least 40 per-
cent of respondents (approximately) do either not know or use any of the 24 tools
named in the survey — even a relatively simple tool like Flowcharter or Visio.

Table 3. Top six most frequently used tools

Description Not Known/ | % Infrequently | % Frequently | %
Not Used Used Used

Visio 150 42% 57 16% 148 42%

Rational Rose 285 81% 33 9% 36 10%

Oracle9i Developer 302 85% 31 9% 21 6%

Suite

iGrafx FlowCharter 284 80% 49 14% 22 6%

AllFusion ERwin 333 94% 12 3% 10 3%

Data Modeler

WorkFlow Modeler 346 97 % 2 1% 7 2%

Moreover, while not explicitly reported in Table 3, into the short-term future (next
12 months), the planned frequent use of the top two tools is expected to drop signifi-
cantly from their current usage levels, viz., Visio (21 percent) and Rational Rose (8
percent) with no real increase reported for planned use of other tools to compensate
for this drop. Again, this trend in planned tool usage appears to reflect the fact that
respondents expect a significant reduction in new developmental work requiring busi-
ness systems modelling in the short-term future.

Business systems modelling (conceptual modelling) must be performed for some
purpose. Accordingly, we were interested in obtaining data on the various purposes
for which people might be undertaking modelling. Using a five-point Likert scale
(where 5 indicates Very Frequent Use), Table 4 presents (in rank order from the high-
est to the lowest score) the average score for purpose of use from the respondents.

Table 4. Average use score for modelling purpose (in rank order)

Description Average Score Standard
Deviation
Database design and management 3.9 1.2
Improvement of internal business processes 3.7 1.2
Software development 3.7 1.2
Business process documentation 3.7 1.2
Workflow management 34 1.2
Improvement of collaborative business processes 3.4 1.3
Design of Enterprise Architecture 3.4 1.3
Change management 3.3 1.3
Knowledge management 3.2 1.3
End user training 3.1 1.3
Software configuration 3.1 1.3
Software selection 2.9 1.3
Certification / quality management 2.8 1.3
Activity-based costing 2.6 1.4
Human resource management 2.6 1.3
Auditing 2.5 1.3
Simulation 2.5 1.3
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Table 4 indicates that database design and management remains the highest aver-
age purpose for use of modelling techniques. This fact links to the earlier result of ER
diagramming being the most frequently used modelling technique. Moreover, soft-
ware development as a purpose would support the high usage of data flow diagram-
ming and ER diagramming noted earlier. Indeed, the relatively highly regarded pur-
poses of documenting and improving business processes, and managing workflows,
would support further the relatively high usage of workflow modelling and flowchart-
ing indicated earlier. The more specialised tasks like identifying activities for activity-
based costing and internal control purposes in auditing appear to be relatively infre-
quently used purposes for modelling. This fact however may derive from the type of
population that was used for the survey, viz., members of the Australian Computer
Society.

S5 Textual Analysis Results and Discussion

Nine hundred and eighty (980) individual comments were received across the ques-
tions on critical success factors and problems/issues for modelling. Using the known
factors (Table 1) influencing continued use of new technologies in firms, Table 5
shows the classification of the 980 comments after phase 1 of the analysis using
Nvivo.

Table 5. Results of classification by key factors influencing continued use (after phase 1)

Key Percentage Totals
Relative Advantage/Usefulness 45% 441
Complexity 8% 74
Compatibility 7% 69
Internalisations 6% 54
(Top Management Support 5% 48
IFacilitating Conditions 4% 42
Image 0% 0
[Trialability 0% 4
Risk 1% 11
Visibility 0%
Results Demonstrability 1% 5
Subjective Norms 2% 22
Self-Efficacy 1% 14
Identification 0% 2
Compliance 0% 2
Communication Issues 3% 25
Unclassified 17% 165
Total (All records) 100.00 % 980

Clearly, relative advantage (disadvantage)/usefulness from the perspective of the
analyst was the major driving factor influencing the decision to continue (discontinue)
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modelling. Does conceptual modelling (and/or its supporting technology) take too
much time, make my job easier, make my job harder, and make it easier/harder for me
to elicit/confirm requirements with users? Such comments typically contributed to
this factor. Furthermore, it is not surprising to see that complexity of the method
and/or tool, compatibility of the method and/or tool with the responsibilities of my
job, the views of “experts”, and top management support were other major factors
driving analysts’ decisions on continued use. Prior literature had told us to expect
these results, in particular, the key importance of top management support to the con-
tinued successful use of such key business planning and quality assurance mecha-
nisms as conceptual modelling for systems.

However, nearly one-fifth of the comments remained unclassified. Were there any
new, important factors unique to the conceptual modelling domain contained in this
data? Fig. 1 shows a document (concept) map produced by Leximancer from the
unclassified comments.

Fig. 1. Concept map produced by Leximancer on the unclassified comments

Five factors were identified from this map using the centrality of concepts and the
relatedness of concepts to each other within identifiable ‘chunks’. While the resolu-
tion of the Leximancer generated concept map (Fig. 1) may be difficult to read on its
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own here, the concepts (terms) depicted are referred to within the discussion of the
relevant factors below.

A. Internal Knowledge (Lack of) of Techniques

This group centred on such concepts as knowledge, techniques, information, large,
easily and lack. Related concepts were work, systems, afraid, UML and leading. Ac-
cordingly, we used these concepts to identify this factor as the degree of di-
rect/indirect knowledge (or lack of) in relation to the use of effective modelling tech-
niques. Highlighted inadequacies raise issues of the modeller’s skill level and
questions of insufficient training.

B. User Expectations Management

This group centred on such concepts as expectations, stakeholders, audience and re-
view. Understanding, involved, logic and find were related concepts. Consequently,
we used these items to identify this factor as issues arising from the need to manage
the expectations of users as to what they expect conceptual modelling to do for them
and to produce. In other words, the analyst must ensure that the stakeholders/audience
for the outputs of conceptual modelling have a realistic understanding of what will be
achieved. Continued (discontinued) use of conceptual modelling may be influenced
by difficulties experienced (or expected) with users over such issues as acceptance,
understanding and communication of the outcomes of the modelling techniques.

C. Understanding the Models Integration into the Business

This group centred on understanding, enterprise, high, details, architecture, logic,
physical, implementation and prior. Accordingly, we identified a factor as the degree
to which decisions are affected by stakeholder/modeller’s perceived understanding (or
lack of) in relation to the models integration into business processes (initial and ongo-
ing). In other words, for the user, to what extent do the current outputs of the model-
ling process integrate with the existing business processes and physical implementa-
tions to support the goals of the overall enterprise architecture?

D. Tool/Software Deficiencies

This group was focused on such concepts as software, issues, activities, and model.
Subsequently, a factor was identified as the degree to which decisions are affected by
issues relating directly to the perceived lack of capability of the software and/or the
tool design.

E. Communication (Using Diagrams) to/from Stakeholders

This final group involved such concepts as diagram, information, ease, communica-
tion, method, examples, and articulate. Related concepts were means, principals,
inability, hard, audience, find, and stakeholders. From these key concepts, we de-
duced a factor as the degree to which diagrams can facilitate effective communication
between analysts and key stakeholders in the organisation. In other words, to what
extent can the use of diagrams enhance (hinder) the explanation to, and understanding
by, the stakeholders of the situation being modelled?

Using these five new factors, we revisited the unclassified comments and, using the
same dual coder process as before, we confirmed a classification for those outstanding
comments easily. Table 6 presents this classification and the relative importance of
those newly identified factors.
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Table 6. Relative importance of factors unique to conceptual modelling

Key Percentage Total
Communication (Diagrams) to/from Stakeholders 28% 46
Internal Knowledge (Lack of) of Techniques 27% 44
User Expectations Management 18% 30
[Understanding models integration into the business 17% 28
[Tool/Software deficiencies 10% 17
Total: 100% 165

As can be seen from Table 6, communication using diagrams and internal knowl-
edge (lack of) of the modelling techniques are major issues specific to the continued
use of modelling in organisations. To a lesser degree, properly managing users’ ex-
pectations of modelling and ensuring users understand how the outcomes of a specific
modelling task support the overall enterprise systems architecture are important to the
continued use of conceptual modelling. Deficiencies in software tools that support
conceptual modelling frustrate the analyst’s work occasionally.

6 Conclusions and Future Work

This paper has reported the results of a survey conducted nationally in Australia on
the status of conceptual modelling. It achieved 370 responses and a relevant response
rate of 23.6 percent. The study found that the top six most frequently used modelling
techniques were ER diagramming, data flow diagramming, systems flowcharting,
workflow modelling, RAD, and UML. Furthermore, it found that clearly Visio is the
preferred tool of choice for business systems modelling currently. Rational Rose and
Oracle Developer suite were a long way second in frequent use. Database design and
management remains the highest average purpose for use of modelling techniques.
This fact links to the result of ER diagramming being the most frequently used model-
ling technique. Moreover, software development as a purpose would support the high
usage of data flow diagramming and ER diagramming. A major contribution of this
study is the analysis of textual data concerning critical success factors and prob-
lems/issues in the continued use of conceptual modelling. Clearly, relative advantage
(disadvantage)/usefulness from the perspective of the analyst was the major driving
factor influencing the decision to continue (discontinue) modelling. Moreover, using a
state-of-the-art textual analysis and machine-learning software package called Lexi-
mancer, this study identified five factors that uniquely influence the continued use
decision of analysts, viz., communication (using diagrams) to/from stakeholders, in-
ternal knowledge (lack of) of techniques, user expectations management, understand-
ing models integration into the business, and tool/software deficiencies.

The results of this work are limited in several ways. Although every effort was
taken to mitigate potential limitations, it still suffers from the usual problems with
surveys, most notably, potential bias in the responses and lack of generalisability of
the results to other people and settings. More specifically, in relation to the qualitative
analysis, even though a form of dual coding (with confirmation) was employed, there
still remains subjectivity in the classification of comments. Furthermore, while the
members of the research team all participated, the identification of the factors using
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the Leximancer document map and the principles of relatedness and centrality re-
mains arguable.

We intend to extend this work in two ways. First, we will analyse the data further
investigating cross-tabulations and correlations between the quantitative data and the
qualitative results reported in this paper. For example, do the factors influencing the
continued-use decision vary by the demographic dimensions of source of formal train-
ing, years of modelling experience, and the like. Second, we want to administer the
survey in other countries (Sweden and Netherlands already) to address the issues of
lack of generalisability in the current results and cultural differences in conceptual
modelling.
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Abstract. Since its introduction, the Entity-Relationship (ER) model has been
the vehicle of choice in communicating the structure of a database schema in an
implementation-independent fashion. Part of its popularity has no doubt been
due to the clarity and simplicity of the associated pictorial Entity-Relationship
Diagrams (“ERD’s”) and to the dependable mapping it affords to a relational
database schema. Although the model has been extended in different ways over
the years, its basic properties have been remarkably stable. Even though the ER
model has been seen as pretty well “settled,” some recent papers, notably [4]
and [2 (from whose paper our title is derived)], have enumerated what their au-
thors consider serious shortcomings of the ER model. They illustrate these by
some interesting examples. We believe, however, that those examples are them-
selves questionable. In fact, while not claiming that the ER model is perfect, we
do believe that the overhauls hinted at are probably not necessary and possibly
counterproductive.

1 Introduction

Since its inception [5], the Entity-Relationship (ER) model has been the primary ap-
proach for presenting and communicating a database schema at the “conceptual” level
(i.e., independent of its subsequent implementation), especially by means of the asso-
ciated Entity-Relationship Diagram (ERD). There’s also a fairly standard method for
converting it to a relational database schema. In fact, if the ER model is in some sense
“correct,” then the associated relational database schema should be in pretty good
normal form [15]. Of course, there have been some suggested extensions to Chen’s
original ideas (e.g., specialization and aggregation as in [10, 19]), some different
approaches for capturing information in the ERD, and some variations on the map-
ping to the relational model, but the degree of variability has been relatively minor.
One reason for the remarkable robustness and popularity of the approach is no doubt
the wide appreciation for the simplicity of the diagram. Consequently, the desirability
of incorporating additional features in the ERD must be weighed against the danger of
overloading it with so much information that it loses its visual power in communicat-
ing the structure of a database. In fact, the model’s versatility is also evident in its
relatively straightforward mappability to the newer Object Data Model [7]. Now ad-
mittedly an industrial strength ERD reflecting an actual enterprise would necessarily
be some order of magnitude more complex than even the production numbers in stan-
dard texts [e.g., 10]. However, this does not weaken the ability of a simple ERD to
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capture local pieces of the enterprise, nor does it lessen the importance of ER-type
thinking in communicating a conceptual model.

Quite recently, however, both Camps and Badia have demonstrated [4, and 2 (from
whose paper the title of this one is derived)] some apparent shortcomings in the ER
model, both in the model itself and in the processes of conversion to the relational
model and its subsequent normalization. They have illustrated these problems through
some interesting examples. They also make some recommendations for improve-
ments, based on these examples. However, while not claiming that the ER model can
be all things to all users, we believe that the problems presented in the examples de-
scribed in those two papers are due less to the model and more to its incorrect applica-
tion.

Extending the ERD to represent complex multi-relation constraints or constraints at
the attribute level are interesting research topics, but are not always desirable. We
claim that representing them would clutter the ERD as a conceptual model at the
enterprise level; complex constraints would be better specified in a textual or lan-
guage-oriented format than at the ERD level.

The purpose of this paper is to take these examples as a starting point to discuss the
possible shortcomings of the ER model and the necessity, or lack thereof, for modify-
ing it in order to address them. We therefore begin by reviewing and analyzing those
illustrations. Section 2 describes and critiques Camps’ scenarios; Section 3 does
Badia’s. Section 4 considers some related issues, most notably a general design prin-
ciple only minimally offered in the ER model. Section 5 concludes our paper.

2 The Camps Paper

In [4], the author begins by describing an apparently simple enterprise. It has a
straightforward ERD that leads to an equally straightforward relational database
schema. But Camps then escalates the situation in stages, to the point where the ER
model is not currently able to accommodate the design, and where normalizing the
associated relational database schema is also unsatisfying. Since we are primarily
concerned with problems attributed to the ER model, we will concentrate here on that
aspect of the paper. However, the normalization process at this point is closely tied to
that model, so we will include some discussion of it as well. We now give a brief
recapitulation, with commentary.

At first, Camps considers an enterprise with four ingredients: Dealer, Product,
State, and Concession, where Concession is a ternary relationship among the other
three, implemented as entity types. Each ingredient has attributes with fairly obvious
semantics, paraphrased here: d-Id, d-Address; p-Id, p-Type; s-Id, s-Capital; and c-
Date. The last attribute’s semantics represents the date on which a given state awards
a concession to a given dealer for a given product. As for functional dependencies,
besides the usual ones, we are told that for a given state/product combination, there
can only be one dealer. Thus, a minimal set of dependencies is as follows:

{s-Id, p-Id} > d-1d

{s-Id, p-1d} > c-Date

d-Id > d-Address (A)
p-Id > p-Type

s-Id = s-Capital
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An ERD for this is given in Figure 1 (attributes are eliminated in the figures, for
the sake of clarity), and the obvious relational database schema is as follows:

State(s-Id, s-Capital

Product(p-1d, p-Type) (B)
Dealer(d-I1d, d-Address)

Concession(s-1d. p-1d, d-Id, c-Date)

Dealer

1

<G

Product State

N

Fig. 1. Example of 1:N:N relationship (from Figure 1 in [4], modified)

The foreign key constraints derive here from the two components of Concession’s
key, which are primary keys of their native schemas. Since the only functional de-
pendencies are those induced by keys, the schema is in BCNF. Here Camps imposes
further constraints:

p-Id > d-Id
s-1d>d-1d

In other words, if a product is offered as a concession, then it can only be with a sin-
gle dealer regardless of the state; and analogously on the state-dealer side. The au-
thor is understandably unhappy about the absence of a standard ERD approach to
accommodate the resulting binary constraining relationships (using the language of
[12]), which he renders in a rather UML-like fashion [17], similar to Figure 2. At this
point, in order to highlight the generic structure, he introduces new notation (A, B, C,
D for State, Dealer, Product, Concession, respectively). However, we will keep the
current ones for the sake of comfort, while still pursuing the structure of his narrative.
He notes that the resulting relational database schema includes the non-3NF relation
schema Concession(s-I1d.p-Id,d-Id,c-Date). Further, when Camps wishes to impose the
constraints that a state (respectively product) instance can determine a dealer if and
only if there has been a concession arranged with some product (respectively state),
he expresses them with these conditions:

T aq1a (Concessions) =m 1, 414 (State)
T 10,010 (CoOncessions) =7 1, 414 (Product)

©

Each of these can be viewed as a double inclusion dependency and must be ex-
pressed using the CHECK construct in SQL.
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Dealer

Product State

Fig. 2. Two imposed FDs (from Figure 2 of [4])

Now we note that it is actually possible to capture the structural properties of the
enterprise at this stage by the simple (i.e., ternary-free) ERD of either Figure 3a [13]
or Figure 3b [18]. The minimal set of associated functional dependencies in Figure 3a
is as follows:

s-1d = s-Capital

p-Id > p-Type

d-Id - d-Address D)
s-Id > d-1d

p-Id > d-Id

{s-Id, p-Id} = c-Date

One, therefore, obtains the following relational database schema, which is, of
course, in BCNF, since all functional dependencies are due to keys:

State(s-1d,s-Capital,d-1d)

Product(p-1d,p-Type,d-1d) (E)
Dealer(d-Id,d-Address)

Concession(s-1d.p-Id,c-Date)

P-D Dealer S-D

N N

M N
Product State

Fig. 3a. A binary model of Figure 2 with Concession as a M:N relationship
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1 1
P-D Dealer S-D
N N
1 M N 1
Product PC —— Concession—— State

Fig. 3b. A binary model of Figure 2 with Concession as an intersection (associate) entity

Admittedly, this approach loses something: the ternary character of Concession.
However, any dealer-relevant information to a concession instance can be discovered
by a simple join; a view can also be conveniently defined. The ternary relationship in
Figure 2 is therefore something of a red herring when constraining binary relation-
ships are imposed to a ternary relationship. In other words, it is possible that an ex-
pansion of the standard ERD language to include n-ary relationships’ being con-
strained by m-ary ones might be a very desirable feature, but its absence is not a
surprising one.

Jones and Song showed that the ternary schema with FDs imposed in Figure 2
can have lossless decomposition, but cannot have an FD-preserving schema (Pattern
11 in [13]). Camps now arrives at the same schema (E) (by normalizing his non-3NF
one, not by way of our ERD in Figure 3a). The problem he sees is incorporating the
semantics of (C). The constraints he develops are:

T s1d, p1d (Concessions) C @ 1y p1d (State*Product)
T 4 (State) € _;, (Concessions) iff State.d-Id is not null (F)
n 14 (Product) c @, (Concessions) iff Product.d-Id is not null

The last two conditions seem not to make sense syntactically. The intention is most
likely the following (keeping the first condition and rephrasing the other two):
1. pI +1d, pid (State*Product)
(Vs,em,_ (State))(s, € m_,,(Concessions) iff (3d)(<s,d> € 7, « aaa(State))) (G)
(Vpe T 4(Product))(p, en, (Concessions) iff (3d,)(<p,.d,> € T4, a1 ,(Product)))

T 4 (Concessions) ¢

At any rate, Camps shows how SQL can accommodate these conditions too using
CHECK:S in the form of ASSERTIONS, but he considers any such effort (to need any
conditions besides key dependencies and inclusion constraints) to be anomalous. We
feel that this is not so surprising a situation after all. The complexity of real-world
database design is so great that, on the contrary, it is quite common to encounter a
situation where many integrity constraints are not expressible in terms of functional
and inclusion dependencies alone. Instead, one must often use the type of construc-
tions that Camps shows us or use triggers to implement complex real-world integrity
constraints.

3 The Baida Paper

In his paper [2] in turn, Badia revisits the ER model because of the usefulness and
importance of the ER model. He contends that, as database applications get more
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complex and sophisticated and the need for capturing more semantics is growing, the
ER model should be extended with more powerful constructs to express powerful
semantics and variable constraints. He presents six scenarios that apparently illustrate
some inadequacies of the ER model; he classifies the first five as relationship con-
straints that the model is not up to incorporating and the sixth as an attribute con-
straint. We feel that some of the examples he marshals, described below in 3.3 and
3.6, are questionable, leading us to ask whether they warrant extending the model.
Badia does discuss the down side of overloading the model, however, including a
thoughtful mention of tradeoffs between minimality and power. In this section we
give a brief recapitulation of the examples, together with our analyses.

3.1 Camps Redux

In this portion of his paper, Badia presents Camps’ illustrations and conclusions,
which he accepts. We’ve already discussed this.

3.2 Commutativity in ERD’s

In mathematical contexts, we call a diagram commutative [14] if all different routes
from a common source to a common destination are equivalent. In Figure 4, from
Badia’s paper (there called Figure 1), there are two different ways to navigate from
Course to Department: directly, or via the Teacher entity. To say that this particular
diagram commutes, then, is to say that for each course, its instructor must be a faculty
member of the department that offers it. Again, there is a SQL construct for indicating
this. Although Badia doesn’t use the term, his point here is that there is no mechanism
for ERD’s to indicate a commutativity constraint. This is correct, of course. Consider
the case of representing this kind of multi-relation constraints in the diagram with
over just 50 entities and relationships, which are quite common in real-world applica-
tions. We believe, therefore, that this kind of a multi-relation constraint is better to be
specified as a textual or a language-oriented syntax, such as OCL [17], rather than at a
diagram level. In this way, a diagram can clearly deliver its major semantics without
incurring visual overload and clutter.

Teacher

Teaches Faculty

M 1
Course Department

Fig. 4. An example of multi-paths between two entities (from Figure 1 in [2])
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In certain limited situations [8] the Offers relationship might be superfluous and
recovered by composing the other two relationships (or, in the relational database
schema, by performing the appropriate joins). We would need to be careful about
dropping Offers, however. For example, if a particular course were at present un-
staffed, then the Teaches link would be broken. This is the case when Course entity
has partial (optional) participation to Department entity. Without an explicit Offers
instance, we wouldn’t know which department offers the course. This is an example
of a chasm trap which requires an explicit Offers relationship [6]. Another case
where we couldn’t rely on merely dropping one of the relationship links would arise if
a commutative diagram involved the composition of two relationships in each path;
then we would surely need to retain them both and to implement the constraint explic-
itly.

We note that allowing cycles and redundancies in ERD’s has been a topic of re-
search in the past. Atzeni and Parker [1] advise against it; Markowitz and Shoshani
[15] feel that it is not harmful if it is done right. Dullea and Song [8, 9] provide a
complete analysis of redundant relationships in cyclic ERD’s. Their decision rules on
redundant relationships are based on both maximum and minimum cardinality con-
straints.

3.3 Acyclicity of a Recursive Closure

Next, Badia considers the recursive relationship ManagerOf (on an Employee en-
tity). He would like to accommodate the hierarchical property that nobody can be an
indirect manager of oneself. Again, we agree with this observation but can’t comment
on how desirable such an ER feature would be at a diagram level. Badia points out
that this is a problem even at the level of the relational database, although some Ora-
cle releases can now accommodate the constraint.

3.4 Fan Traps

At this point the author brings Figure 5 (adapted from [6], where it appears as Figure
11.19(a); for Badia it is Figure 2) to our attention. (The original figure uses the “Mer-
ise,” or “look here” approach [17]; we’ve modified it to make it consistent with the
other figures in this paper.) The problem, called a fan trap arises when one attempts
to enforce a constraint that a staff person must work in a branch operated by her/his
division. This ER anomaly percolates to the relational schemas as well. Further, if one
attempts to patch things up by including a third binary link, between Staff and
Branch, then one is faced with the commutativity dilemma of Section 3.2. In general
fan traps arise when there are two 1:N relationships from a common entity type to two
different destinations. The two typical solutions for fan traps are either to add a third
relationship between the two many-side entities or rearrange the entities to make the
connection unambiguous. The problem in Figure 5 here is simply caused by an incor-
rect ERD and can be resolved by rearranging entities as shown in Figure 6. Figure 6
avoids the difficulties at both the ER and relational levels. In fact, this fix is even
exhibited in the Connolly source itself. We note that the chasm trap discussed in Sec-
tion 3.2 and the fan trap are commonly called connection traps [6] which make the
connection between two entities separated by the third entity ambiguous.
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Division

sAllocated Operates
N N

Staff Branch

Fig. 5. A semantically wrong ERD with a fan trap (from Figure 2 in [2] and Figure 11.19(a)
from [6])

N 1 N O !
Staff :Z Branch |—— ‘ perate a Division
by

Fig. 6. A correct ERD of Figure 5, after rearranging entities

3.5 Temporal Considerations

Here Badia looks at a Works-in relationship, M:N between Employee and Project,
with attributes start-date and end-date. A diagram for this might look something like
Figure 7b; for the purposes of clarity, most attributes have been omitted. Baida states
that the rule that even though en employee may work in many projects, an employee
may not work in two projects at the same time may not be represented in an ERD. It
appears impossible to express the rule, although the relationship is indeed M:N. But
wouldn’t this problem be solved by creating a third entity type, TimePeriod, with the
two date attributes as its composite key, and letting Works-in be ternary? The new
relationship would be M:N:1, as indicated in Figure 7c, with the 1 on the Project
node, of course. In figures of 7a through 7d, we show several variations of this case
related to capturing the history of works-in relationships and the above constraint.
We’ll comment additionally on this in Section 4.

M 1
Employee Works -in Project

Fig. 7a. An employee may work in only one project and each project can have many employ-
ees. The diagram already assumes that an employee must work for only one project at a time.
This diagram is not intended to capture any history of works-in relationship

M N
Employee Works -in Project

Fig. 7b. An employee may work in many projects and each project may have many employees.
The diagram assumes that an employee may work for many projects at the same time. This
diagram is also not intended to capture any history of works-in relationship



Entity-Relationship Modeling Re-revisited 51

Employee Works -in Project
T

TimePeriod

Fig. 7c. An employee may work in only one project at a time. This diagram can capture a his-
tory of works-in relationship of an employee for projects and still satisfies the constraint that an
employee may work in only one project at a time

1 M M 1

Employee : Assignmen : Project

Fig. 7d. In Figure 7.c, if entity TimePeriod is not easily materialized, we can reify the relation-
ship Works-in to an intersection entity. This diagram can capture the history of works-in rela-
tionship, but does not satisfy the constraint that an employee may work in only one project

3.6 Range Constraints

While the five previous cases exemplify what Badia calls relationship constraints,
this one is an attribute constraint. The example given uses the following two tables:

Employee (employee_id, rank_id, salary, ...)
Rank (rank id, max_salary, min_salary)

The stated problem is that the ERD that represents the above schema cannot ex-
press the fact that the salary of an employee must be within the range determined by
his or her rank. Indeed, in order to enforce this constraint, explicit SQL code must be
generated. Baida correctly sates that the absence of information at the attribute level is
a limitation and cause difficulty in solving semantic heterogeneity. We believe, how-
ever, that information and constraints at the attribute level could be expressed at the
data dictionary level or in a separate low level diagram below the ERD level. Again,
this will keep an ERD as a conceptual model at enterprise level without too much
clutter. Consider the complexity of representing attribute constraints in ERDs for real-
world applications that have over 50 entities and several hundreds of attributes. The
use of a CASE tool that supports a conceptual ERD with its any low level diagram for
attributes and/or its associated data dictionary should be a right direction for this prob-
lem.

4 General Cardinality Constraints

While on the whole, as indicated above, we feel many of the alleged shortcomings of
the ER model claimed in recent papers are not justified, some of those points have
been well taken and are quite interesting. However, there is another important feature
of conceptual design that we shall consider here, one that the ER model really does
lack. In this section, we briefly discuss McAllister’s general cardinality constraints
[16] and their implications.

McAllister’s setting is a general n-ary relationship R. In other words, R involves n
different roles. This term is used, rather than entity types, since the entity types may
not all be distinct. For example, a recursive relationship, while binary in the mathe-
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matical sense, involves only a single entity type. Given two disjoint sets of roles A
and B, McAllister defines Cmax(A,B) and Cmin(A,B) as follows: for a tuple <a>,
with one component from each role in A, and a tuple <b>, with one component from
each role in B, let us denote by <a,b> the tuple generated by the two sets of compo-
nents; we recall that A and B are disjoint. Then Cmax(A,B) (respectively Cmin(A,B))
is the maximum allowable cardinality over all <a> of the set of tuples <b> such that
<a,b>e m, p (R). For example, consider the Concession relationship of Figure 1.

Then to say that

Cmax({State, Product},{Dealer}) = 1 is to express the fact that {s-Id, p-Id} =>d-
Id. And the condition Cmin({Product},{State,Dealer}) = 1 is equivalent to the con-
straint that Product is total on Concession. Now, as we see from these examples,
Cmax gives us information about functional dependencies and Cmin about participa-
tion constraints. When B is a singleton set and A its complement, this is sometimes
called the “Chen” approach to cardinality [11] or “look across”; when A is a singleton
set and B its complement, it is called the “Merise” approach [11] or “look here.” All
told, McAllister shows that there are 3°-2"++1 different combinations possible for A
and B, where n is the number of different roles.

Clearly, given this explosive growth, it is impractical to include all possible cardi-
nality constraints in a general ERD, although McAllister shows a tabular approach
that works pretty well for ternary relationships. He shows further that there are many
equalities and inequalities that must hold among the cardinalities, so that the entries in
the table are far from independent. The question arises as to which cardinalities have
the highest priorities and should thus appear in an ERD. It turns out that the Merise
and Chen approaches give the same information in the binary case but not in the ter-
nary one, which becomes the contentious case (n>3 is rare enough not to be a serious
issue). In fact one finds both Chen [as in 10] and Merise [as in 3] systems in practice.
In his article, Genova feels that UML [17] made the wrong choice by using the Chen
method for its Cmin’s, and he suggests that class diagrams include both sets of infor-
mation (but only when either A or B is singleton). That does not seem likely to hap-
pen, though.

Still, consideration of these general cardinality constraints and McAllister’s axioms
comes in handy in a couple of the settings we have discussed. The general setting
helps understand connections between, for example, ternary and related binary rela-
tionships as in Figure 2 and [12]. And it similarly sheds light on preservation (and
loss) of information in Section 3.5 above, when a binary relationship is replaced by a
ternary one. Finally, we believe that it also provides the deep structural information
for describing the properties of decompositions of the associated relation schemas. It
is therefore indisputable in our opinion that these general cardinality constraints do
much to describe the fundamental structure of a relationship in the ER model; only
portions of which, like the tip of an iceberg, are currently visible in a typical ERD.
And yet we are not claiming that such information should routinely be included in the
model.

5 Conclusion

We have reviewed recent literature ([4] and [2]) that illustrate through some interest-
ing examples areas of conceptual database design that are not accommodated suffi-
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ciently at the present time by the Entity-Relationship model. However, some of these
examples seem not to hold up under scrutiny.

Capabilities that the model does indeed lack are constraints on commutative dia-
grams (Section 3.2 above), recursive closures (3.3), and some range conditions (3.6)
as pointed out by Badia. Another major conceptual modeling tool missing in the ER
model is that of general cardinality constraints [16]. These constraints are the deep
structure that underlies such more visible behavior as constraining and related rela-
tionships, Chen and Merise cardinality constraints, functional dependencies and de-
compositions, and participation constraints. How many of these missing features
should actually be incorporated into the ER model is pretty much a question of triage,
of weighing the benefits of a feature against the danger of circuit overload.

We believe that some complex constraints such as multi-relation constraint are bet-
ter to be represented as a textual or a language-oriented syntax, such as OCL [17],
rather than at the ER diagram level. We also believe that information and constraints
at the attribute level could be expressed at the data dictionary level or in a separate
low level diagram below the ERD level. In these ways, we will keep an ERD as a
conceptual model at enterprise level to deliver major semantics without visual over-
load and too much clutter. Consider the complexity of an ERD for a real-world appli-
cation that has over 50 entities and hundreds of attributes and representing all those
complex multi-relation and attribute constraints in the ERD. The use of a CASE tool
that supports a conceptual ERD with its any low level diagram for attributes and/or its
associated data dictionary should be a right direction for this problem.

We note that we do not claim that some research topics suggested by Baida, such
as relationships over relationships and attributes over attributes, are not interesting or
worthy. Research in those topics would bring interesting new insights and powerful
ways of representing complex semantics. What we claim here is that the ERD itself
has much value as it is now, especially for relational applications, where all the ex-
amples of Baida indicate. We believe, however, that extending the ER model to sup-
port new application semantics such as biological applications should be encouraged.

The “D” in ERD connotes to many researchers and practitioners the simplicity and
power of communication that account for the model’s popularity. Indeed, as the En-
tity-Relationship model nears its 30! birthday, we find its robustness remarkable.
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Modeling Functional Data Sources as Relations
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Abstract. In this paper we present a model of functional access to data that,
we argue, is suitable for modeling a class of data repositories characterized by
functional access, such as web sites. We discuss the problem of modeling such
data sources as a set of relations, of determining whether a given query expressed
on these relations can be translated into a combination of functions defined by the
data sources, and of finding an optimal plan to do so.

We show that, if the data source is modeled as a single relation, an optimal plan
can be found in a time linear in the number of functions in the source but, if the
source is modeled as a number of relations that can be joined, finding the optimal
plan is NP-hard.

1 Introduction

These days, we see a great diversification in the type, structure, and functionality of the
data repositories with which we have to deal, at least when compared with as little as
fifteen or twenty years ago. Not too long ago, one could quite safely assume that almost
all the data that a program had both the need and the possibility to access were stored
in a relational database or, were this not the case, that the amount of data, their stability,
and their format made their insertion into a relational database feasible.

As of today, such a statement would be quite undefensible. A large share of the
responsibility for this state of affairs must be ascribed, of course, to the rapid diffusion
of data communication networks, which created a very large collection of data that a
person or a program might want to use. Most of the data available on data communi-
cation networks, however, are not in relational form [1] and, due to the volume and the
instability of the medium, the idea of storing them all into a stable repository is quite
unfeasible.

The most widely known data access environment of today, the world-wide web,
was created with the idea of displaying reasonably well formatted pages of material
to people, and of letting them “jump” from one page to another. It followed, in other
words, a rather procedural model, in which elements of the page definition language
(tags) often stood for actions: a link specified a “jump” from one page to another. While
a link establishes a connection between two pages, this connection is not symmetric (a
link that carries you from page A to page B will not carry you from page B to page
A) and therefore is not a relation between two pages (in the sense in which the term

* The work presented in this paper was done under the auspices and with the funding of NIH
project NCRR RRO08 605, Biomedical Informatics Research Network, which the authors grate-
fully acknowledge.

P. Atzeni et al. (Eds.): ER 2004, LNCS 3288, pp. 55-68, 2004.
(© Springer-Verlag Berlin Heidelberg 2004
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“relation” is used in databases), but rather a functional connection that, given page A,
will produce page B.

In addition to this basic mechanism, today many web sites that contain a lot of
data allow one to specify search criteria using the so-called forms. A form is an input
device through which a fixed set of values can be assigned to an equally fixed set of
parameters, the values forming a search criterion against which the data in the web site
will be matched, returning the data that satisfy the criterion.

Consider the web site of a public library (an example to which we will return in
the following). Here one can have a form that, given the name of an author returns a
web page (or other data structures) containing the titles of the books written by that
author. This doesn’t imply that a corresponding form will exist that, given the title of
a book, will return its author. In other words, the dependence author———book is not
necessarily invertible. This limitation tells us that we are not in the presence of a set
of relations but, rather, in the presence of a data repository with functional access. The
diffusion of the internet as a source of data has, of course, generated a great interest in
the conceptual modeling of web sites [2—4]. In this paper we present a formalization
of the problem of representing a functional data source as a set of relations, and of
translating (whenever possible) relational queries into sequences of functions.

2 The Model

For the purpose of this work, a functional data source is a set of procedures that, given
a number of attributes whose value has been fixed, instructs us on how to obtain a data
structure containing further attributes related to the former.

To fix the ideas, consider again the web site of a library. A procedure is defined that,
given the name of an author, retrieves a data structure containing the titles of all the
books written by that author. The procedure for doing so looks something like this:

Procedure 1: author - > set(title)
i) go to the “search by author” page;
ii)  put the desired name into the “author” slot of the form that you find there;
iii)  press the button labeled “go”;
iv)  look at the page that will be displayed next, and retrieve the list of titles.

Getting the publisher and the year of publication of a book, given its author and title is
a bit more complicated:

Procedure 2: author, title - > publisher, year
i) execute procedure 1 and get a list of titles;
ii) search the desired title in the list;
iii) if found then
iii.1)  access the book page, by clicking on the title;
iii.2)  search the publisher and year, and return them;
iv) else fail.

On the other hand, in most library web pages there is no procedure that allows one to
obtain a list of all the books published by a given publisher in a given year, and a query
asking for such information would be impossible to answer.
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We start by giving an auxiliary definition, and then we give the definition of the kind
of functional data sources that we will consider in the rest of the paper.

Definition 1. A data sort S is a pair (N, T), written S = N : T, where N is the name
of the sort, and T its type. Two data sorts are equal if their names and their types
coincide.

A data sort, in the sense in which we use the term here, is not quite a “physical” data
type. For instance, author:string and title:string are both of the same data type (string)
but they represent different data sorts'. The set of complex sorts is the transitive closure
of the set of data sorts with respect to Cartesian product of sorts and the formation of
collection types (sets, bags, and lists).

Definition 2. A functional data source is a pair (S, F) where S = {S1,...,S,} isa

set of data sorts, F' = {f1,..., fm} is a set of functions a—f>ﬂ, where both « and
0 are composite sorts made of sorts in S.

In the library web site, author:string, and year:int are examples of data sorts. The
procedures are instantiations of functions. Procedure 1, for example, instantiates a func-

tion author:string—f>title:string.

The elements “author:string” and “title:string” are examples of composite sorts.
Sometimes, when there is no possibility of confusion, we will omit the type of the sort.
Our goal in this paper is to model a functional data source like this one in a way that
resembles a set of relations upon which we can express our query conditions. To this
end, we give the following definition.

Definition 3. A relational model of a functional data source is a set of relations R =
{Ry,..., Ry} where R; C S;, x --- x S;, and all the S;’s are sorts of the functional
data source. The relation R; is called a relational facade for the underlying data source,
and will sometimes be indicated as R;(Ny, : T, ..., N;, : T; ).

The problems we consider in this paper are the following: (1) Given a model R of
a functional data source (S, F') and a query on the model, is it possible to answer the
query using the procedures f; defined for the functional data source?, and (2) if the
answer to the previous question is “yes,” is it possible to find an optimal sequence of
procedures that will answer the query with minimal cost?

It goes without saying that not all the queries that are possible on the model are also
possible on the data source. Consider again the library web site; a simple model for this
data source is composed of a single relation, that we can call “book,” and defined as:

book(name:string, title:string, publisher:string, year:int).

! The entities that we call data sorts are known in other quarters as “semantic data types.” This
name, however, entails a considerable epistemological commitment, quite out of place for a
concept that, all in all, has nothing semantic about it: an author:string is as syntactic an entity
as any abstract data type, and does not require extravagant semantic connotations.
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A query like
(N, T) :- book(N, T, ‘dover’, 1997),

asking for the author and title of all books published by dover in 1997 is quite reasonable
in the model, but there are no procedures on the web site to execute it.

We will assume, to begin with, that the model of the web site contains a single
relation. In this case we can also assume, without loss of generality, that the rela-
tion is defined in the Cartesian product of all the sorts in the functional data source:
R(S1,...,Sn). Throughout this paper, we will only consider non-recursive queries. It
should be clear in the following that recursive queries require a certain extension of our
method, but not a complete overhaul of it. Also, we will consider conjunctive queries?,

whose general form can be written as:

(Sklv ey Skp) : —R(Sl, ey Sn), Sjl = Cly..., qu = Cq, (;51(511, 512), ceey ¢1(Su1, Suz)
M
where ¢y, . . ., ¢q are constants, all the S’s come from the sorts of the relation R, and the
¢;’s are comparison operators drawn from a suitable set, say ¢; € {<,>,=,#, <, >}.
We will for the moment assume that the functional data source provides no mecha-
nism for verifying conditions of the type ¢1 (511, S12). The only operations allowed are
retrieving data by entering values (constants) in a suitable field of a form or traversing
a link in a web site with a constant as a label (such as the title of a book in the library
example). Given the query (1) in a data source like this, we would execute it by first de-
termining whether the function f : S, x---x S, — {Sk, X+ -% Sk, X 811X+ X Suz}
can be computed. If it can, we compute f(cy,..., ¢q) and, for each result returned,
check whether the conditions ¢;(S;1, S;2) are verified.
The complicated part of this query schema is the first step: the determination of the
function f that, given the constants in the query, allows us to obtain the query outputs
{Ski»- -+, Sk, }, augmented with all the quantities needed for the comparisons.

3  Query Translation

Informally, the problem that we consider in this section is the following. We have a col-
lection of data sorts S = {51, ..., S, }. Given two data sorts «, 3, defined as Cartesian
products of elements of S (ov = Sq, X -+ XSy, and B = Sg, X - -x Sg,) one can define
a formal (and unique) correspondence function fo3 : o« — (3. This function operates
on the model of the data source (this is why we used the adjective “formal” for it: it is
not necessarily a function that one can compute) and, given the values {S,,, ..., Sa, }.
returns the corresponding values {Sg,,...,53,}. If {v1,...,v,} are the input values,
this function computes the relational algebra operation

7TN317...,N5b OUSalzvl...7Saa:va (2)

where the N’s are the names of the sorts S, as per definition 1. A correspondence
function can be seen, in other words, as the functional counterpart of the query (2)

2 Any query can, of course, be translated in a disjunctive normal form, that is, in a disjunction of
conjunctive queries. The system in this case will simply pose all the conjunctive queries and
then take the union of all the results.
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which, on a single table, is completely general. (Remember that we don’t yet consider
conditions other than the equality with a constant.)

The set F' = {f.3} of all correspondence functions contains the grounding of all
queries that we might ask on the model. The functional data source, on the other hand,
has procedures P;, each one of which implements a specific function f,g, a situation
that we will indicate with P; ~» f,3. The set of all implemented correspondence func-
tions if |, = {f|3P : P ~» f}. Our query implementation problem is then, given
a query ¢, with the relative correspondence function f, to find a suitable combination
of functions in F|., that is equal to f. In order to make this statement more precise,
we need to clarify what do we mean by “suitable combination of functions” that is, we
need to specify a function algebra. We will limit our algebra to three simple operations
that create sequences of functions, as shown in Table 1. (We assume, pragmatically, that
more complex manipulations are done by the procedures P;.)

Table 1. Operators of the function algebra.

Operation |Definition Description Typing

fog (fog)(z)= f(g(x) function composition | Fe=2 g—a
f,9):a—Bxy

) fog:v—pB
(fg) [(fog)@) = (f(z),9(x) ralia—|

, ) cartesian composition| £:o—08 g:a=y
fxg (f x g)(z,y) = (f(x), g(y))|cartesian product Txaraxd B

A function f € F|w for which a procedure is defined, and that transforms a data
sort S into a data sort P can be represented as a diagram

s—1-p 3)

The operators of the function algebra generate diagrams like those in the first and third
column of Table 2. In order to obtain the individual data types, we introduce the formal
operator of projection. The projection is “formal” in that it exists only in the diagrams:
in practice, when we have the data type P x () we simply select the portion of it that
we need. The projections don’t correspond to any procedure and their cost is zero. The
dual of the projection operator is the Cartesian product which, given two data of type A
and B produces from them a datum of type A x B. This is also a formal operator with
zero cost. where the dotted line with the x symbols is there to remind us that we are
using a Cartesian product operator, and the arrow goes from the type that will appear
first in the product to the type that will appear second (we will omit the arrow when this
indication is superfluous).

The Cartesian product of the functions S —f> P and Q 9., R isrepresented
as
fxg
SxQ———>PxR @
With these operations, and the corresponding diagrams, in place, we can arrange
the correspondence functions f € F‘W in a diagram, which we call the computation
diagram of a data source.
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Definition 4. The computation diagram of a functional data source is a graph G =
(N, E) with nodes labeled by a labeling function \,, : N — S, S being the set of
composite data sorts of the source, and edges labeled by the labeling function A, :
E — F|., suchthat each edge is one of the following:

1. A function edge, such that if the edge is (n1,n2), then Ag((n1,n2)) : An(n1) —
An(n2), and represented as in (3);

2. projection edges,

3. cartesian product edges

Let us go back now to our original problem. We have a query and a correspon-

dence function S7 X - -+ X Sn—'f>P1 X --- X P, that we need to compute, where
S1,...,Sy, are the data sorts for which we give values, and P, ..., P, are the results
that we desire. In order to see whether the computation is possible, we adopt the fol-
lowing strategy: first, build the computation diagram of the data source, then we add a
node called s to the graph, and connectitto S, ..., S,, as well as a node d, with edges
coming from P, ..., P,,; finally, we check whether a path exists from s to d.

If we are to find an optimal solution to the grounding of a correspondence function
f, we need to assign a cost to each node of the graph and, in order to do this, we need to
determine the cost of traversing an edge. The cost functions of the various combinations
that appear in a computation graph are defined in table 2.

Table 2. Cost of the functional operations in terms of graph path.

| Operation ‘Cost | | Operation |Cost |
A-Top e =cy+op|a . B |c(Ax B)=0C(A) +C(B)
Ax B

Ax B C(A)

= A B c(fr),
7 \1\ C(B)=C(Ax B) \ / C(B) +c(f2))
f1 f2
A B D

The problem of finding the optimal functional expression for a given query can
therefore be reduced to that of finding the shortest path in a suitable function graph, a
problem that we will now briefly elucidate. Let G be a function graph, G.V the set of
its vertices, and G.E the set of its edges.

For every node u € G.V, let u.x be the distance between u and the source of the
path, u.7 the predecessor(s) of u in the minimal path, and u.v the set of nodes adjacent
to u (accounting for the edge directions)

In addition, a cost function ¢ : vertex x vertex — real is defined such that ¢(u, v) is
the cost of the edge (u, v). If (u,v) ¢ G.E, then c(u, v) = co.

The algorithm in table 3 uses the Djikstra’s shortest path algorithm to build a func-
tion graph that produces a given set of output from a given set of input, if such a graph
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exists: the function dijkstra(G, ¢, s) returns the set of nodes in G where, for each node
n, n.k is set to the cost of the path from s to n according to the cost function c. Dijkstra’s
algorithm is a standard one and is not reported here.

Table 3. Algorithm for the creation of function graphs.

make_graph (I : {vertex}, O : {vertex}, G : graph, ¢ : vertex X vertex — real) : graph
s,d : vertex;
G.V :=G.V U{s,d};
foralluin/do G.E := G.EU{(s,u)}; od
foralluinOdo G.E := G.EU{(u,d)}; od;
S := dijkstra(G, ¢, s);
Q : graph;
T, P : {vertex};
S:=8—{sd};QV :=0,T:=0; P :=0,
whileT # (0 do
u := element(7");
ifuv#sAurv#£0do
forallvin I do
Q.V:=Q.VU{vk
ifvgPdoT :=TU{v}fi
P:=PU{v};Q.FE:=Q.EU{(v,u)};
od;
T:=T—{u};
£i;
od;
return Q;

4 Relaxing Some Assumptions

The model presented so far is a way of solving a well known problem: given a set of
functions, determine what other functions can be computed using their combination;
our model is somewhat more satisfying from a modeling point of view because of the
explicit inclusion of the cartesian product of data sorts and the function algebra opera-
tors necessary to take them into account but, from an algorithmic point of view, what
we are doing is still finding the transitive closure of a set of functional dependencies.
We will now try to ease some of the restrictions on the data source. These extensions,
in particular the inclusion of joins, can’t be reduced to the transitive closure of a set of
functional dependencies, and therein lies, from our point of view, the advantage of the
particular form of our model.

Comparisons. The first limitation that we want to relax is the assumption that the data
source doesn’t have the possibility of expressing any of the predicates ¢;(.S;1, S;2) in
the query (1). There are cases in which some limited capability in this sense is available.
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We will assume that the following limitations are in place: firstly, the data sources pro-
vides a finite number of predicate possibilities; secondly each predicate is of the form
#(S,R) = S op R, where S and R are fixed data sorts, and “op” is an operator that
can be chosen amongst a finite number of alternative. The general idea here comes, of
course, from an attempt to model web sites in which conditions can be expressed as part
of “forms.”

In order to incorporate these conditions into our method, one can consider them as
data sorts: each condition ¢(S, R) is a data sort that takes values in the set of triples
(s,r,0p), with s of sort S and r of sort R. In other words, indicating a sort as a pair
N : T, where N is the name and 7' the data type of the sort, a comparison data sort
€(Sy,52) is isomorphic to Ny : T1 X Ny : Ty x (Th x T — 2) where 2 is the data
type of the booleans. A procedure that accepts in input a value of a data sort S, and a
condition on the data sorts S5, S5, would be represented as

Sh €(S2, 53) &)

The only difference between condition data sorts and regular data sorts is that conditions
can’t be obtained as the result of a procedure, so that in a computation graph a condition
should not have any incoming edge.

Joins. Let us consider now the case in which the model of the functional data source
consists of a number of relations. We can assume, for the sake of clarity, that there are
only two relations in the model:

Rl(Nl :Tl,...,Np : Tp)

Ro(My : Qu,..., M, : Q). (6)

Each of these relations supports intra-relational queries that can be translated into func-
tions and executed using the computation graph of that part of the functional source that
deals with the data sorts in the relation. In addition, however, we have now queries that
need to join data between the two relations. Consider the relations: Ry (X7, X2, X3),
R2(Y1,Ys,Ys) and the following query:

(A,B): —R1(X,’x’,A),R2(Y,’y’,B), A= B. @)
We can compute this query in two ways. The first makes use of the following two
correspondence functions:
X, I Xy % X "
Yo xY; i> Y.

To implement this query, we adopt the following procedure:
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Procedure 3:
i) use the computation graph of R; to compute f;(’x’), returning a set of
pairs (a : X1,b: X5);
ii)  for each pair (a, b) returned:
ii.1) compute f>(’y’, b) using the graph of Ry, obtaining
aset of results (¢ : Y7);
ii.2) for each ¢, form the pair (a, ¢), and add it to the output.

The procedure can be represented using a computation graph in which the graphs
that compute f; and f> are used as components. Let us indicate the graph that computes

the function fas:
(F)—2 ©

Then a join like that in the example is computed by the following diagram:

«

X, —~ X X X3 X, (10)

i N

XQXYQTF?}/Q >< X1><Y1

\X/X3 /

Y> x X3 —Y]

The second possibility to compute the join is symmetric. While in this case we used
the relation I?; to produce the variable on which we want to join and the relation R to
impose the join condition, we will now do the reverse. We will use the functions

f
Y2—3>Y1 XY3 (11)
XQ X X3$X1.

and a computation diagram similar to the previous one. Checking whether the source
can process the join, therefore, requires checking if either the pairs of functions (f1, f2)
or (f3, f4) can be computed. The concept can be easily extended to a source with many
relations and a query with many joins as follows.

Take a conjunctive query, and let J = {Ji,..., J,} the set of its joins, with J; :
(X; =Y;). We can always rewrite a query so that each variable X will appear in only
one relation, possibly adding some join conditions. Consider, for example, the fragment
R(A, X), P(B,X),Q(C, X), which can be rewritten as

R(A, X1), P(B, X3),Q(C, X3), X1 = Xz, X5 = X3. (12)
We will assume that all queries are normalized in this way. Given a variable X, let s(X)

be the relation in which X appear. Also, given a relation R in the query, let i(R) the
Cartesian product of its input sorts, and o(R) the Cartesian product of its output sorts.
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Table 4. Algorithm for the verification of the join conditions.

check(I : {vertex}, O : {vertex}, G : graph, ¢ : vertex X vertex — real) : real
s, d : vertex;
GV :=G.V U{s,d};
foralluinldo G.E :=G.EU{(s,u)} od;
foralluin O do G.E := G.EU{(u,d)} od
S := dijkstra(G, ¢, s);
return (d.k < 00);

The algorithm for query rewriting is composed of two parts. The first is a function
that determines whether a function from a given set of input to a given set of outputs can
be implemented, and represented in Table 4. The second finds a join combination that
satisfies the query. It is assumed that a set of the join conditions that appear in the query
J = {(X1,Y1),...,(Xn,Yn)} is given. The algorithm, reported in table 5 returns a
computation graph that computes the query with all the required joins.

Table S. Join determination algorithm.

joins(J : {vertex x vertex}, G : graph, ¢ : vertex X vertex — real) : graph
1. 1:=0
2. forall (X,Y)inJdo
R:=5(X);Q:=5s(Y);
if check(i(R),0(R) U {X},G,c) Acheck(i(Q) U{Y},0(Q),G,c) do
I=1u{(X,Y)}
elseif check(i(Q),0(Q) U{Y}, G,c) A check(i(R) U{R},0(R),G,c) do
I=1u{(Y,X)}
£i og;
Q = make_graph(|J, i(R:) U{X|(X,Y) € I},J, 0(R:) U{Y|(X,Y) € I}, G, ¢);
foralluinOdo Q.F:=Q.FU{(X,Y)} og;
if cycle(Q) do error fi;
return Q;

AR

The correctness of the algorithm is proven in the following proposition:

Proposition 1. Algorithm 1 succeeds if and only if the query with the required joins
can be executed.

The proof can be found in [5].

While the algorithm “joins” is an efficient (linear in the number of joins) way of
finding a plan whose correctness is guaranteed, finding an optimal plan is inherently
harder:

Theorem 1. Finding the minimal set of functions that implements all the joins in the
query is NP-hard.

Proof. 'We prove the theorem with a reduction from graph cover. let G = (V, E) be
a graph, with sets of nodes V' = {vy,...,v,}, edges E = {e1,...,em}, and with



Modeling Functional Data Sources as Relations 65

e; = (viy,vi,), Vi, v, € V. Given such a graph, we build a functional source and a
query as follows.

For each node v; define a sort X; and a function f : I — X,. All the sorts are
of the same data type. For each edge (vp,vi) define a condition X;, = Xj. Also,
define a function g : X; x --- x X,, — Y. Finally, define the relations R; (I, X1),
Ro(X1,X3),..., Rnt1(X,,Y) and the query

ans(Y) : —Rl(l, X1)7R2(X17X2), .. .’Rn+1(Xn7Y)7
I="9 X, =X1,,...,. Xon, = Xpn, (13)

where the equality conditions are derived from the edges of the graph. The reduction
procedure is clearly polynomial so, in order to prove the theorem we only need to prove
that a solution of graph cover for GG exists if and only if a cost-bound plan can be found
for the query.

1. Suppose that a query plan for the query exists that uses B + 1 functions: P =
{f1,--., fB, g} (the function g must obviously be part of every plan, since it is the
only function that gives us the required output Y'). Consider the set S = {v;|f; €
P}, which contains, clearly, B nodes, and the edge (v;, , v;, ) of the graph. This edge
is associated to a condition X;, = X, in the query and, since the query has been
successfully planned, either the function f;, or f;, are in the plan. Consequently,
either v;, or v;, are in the set, and the edge (v;,,v;,) is covered.

2. letnow S = {v1,...,vp} be a covering and consider the plan P = {f;|v; € S} U
{g}. The output is clearly produced correctly as long as all the join conditions are
satisfied. let X;; = X, be a join condition. This corresponds to an edge (v;, , v;,)
and, since S is a covering, either v;, or v;, are in .S. Assume that it is v;, (if it
is v;, we can clearly carry out a similar argument). Then the plan contains the
function f;,, which computes X;, so that the variables X;, and X;, and the join
are determined by the following graph fragment

.............. X, T X (14)

5 Related Work

The idea of modeling certain types of functional sources using a relational fagade (or
some modification thereof) is, of course, not new. The problem of conciliating the broad
matching possibilities of a relation with the constraints deriving from the source has
been solved in various ways the most common of which, to the best of our knowledge,
is by the use of adornments [6, 7], which also go under the name of binding patterns.
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Given arelation R(X7, ..., X,,), abinding pattern is a classification of the variables
X1,...,X, into input variables (which must be “bound” when the relation is accessed
in the query, hence the name of the technique), output variables (which must be free
when the relation is accessed), and dyadic variables, which can be indifferently inputs
or outputs. Any query that accesses the relation by assigning values to the input vari-
ables and requiring values for some or all the output variables can be executed on that
relation fagade. A relational facade can, of course, have multiple binding patterns. If
the relational facade is used to model an n-ary relation isomorphic to it, for instance, it
allows all the 2™ possible bound/free binding patterns on its variables or, equivalently,
all its variables are dyadic. In the following, a binding pattern for any n-ary relation
will be represented as a string b € {4, 0,d} (where i, o, and d stand for input, output,
and dyadic, respectively, although dyadic variables will not appear in the examples that
follow). Unlike our techinque, which determines query feasibility at run time, binding
patterns are determined as part of the model. This difference results in a number of
limitations of binding patterns, some examples of which are given below.

Multiple relations with hidden sorts. Consider a source with five sorts, X, Y, P, W, Q,
and the functional dependencies shown in the following diagram

X Y P (15)

We want to model this source as a pair of relations: R1(X,Y) and R2(P, @), while
the sort W should not be exported. Considering the two relations and the functions
needed to answer queries on them, we can see that the relation R; has two bind-
ing patterns: (4,0) and (o,4), while Ry has only (0,%). A query such as “ans(Q) :
—R1(X,y), R2(X, Q)” would be rejected by the binding pattern verification system
because R; produces a set of X values from the query constant y, but 25 can’t take the
X’s as an input, Mapping the query to a functional diagram, however, produces

(Y —vy) X (16)
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which is computable. Therefore, the query can be answered using the model presented
in this paper.

Non-binding conditions. Binding patterns are based, as the name suggests, on the idea
of binding certain variables in a relation, that is, on the idea of assigning them specific
values. Because of these foundations, binding pattern models are ill-equipped to deal
with non-binding conditions (that is, essentially, with all conditions except equality and
membership in a finite set).

As an example, consider a source with three sorts, A, B, and C, and a function
A x B — (. in addition, the source has a comparison capability which allows it to
compare B with a fourth sort D and return C’s for a specified value of A such that a
specified condition €(B, D) is verified: A x €(B, D) — C. the diagram of this source
is:

\ X\ ¢(B,D) (17)
AX B A x €(B,D)
\0/

Because the condition €(B, D) is non-binding, it doesn’t contribute any binding pattern
to the relation R(A, B, C) for which the only binding pattern is, therefore, (i,1%,0). A
query such as “ans(C) : —R(a, B,C), B < v” where “<” is one of the operators al-
lowed for €(B, D) is not allowed in the binding pattern model, while it can be executed
with the model presented here.

These examples highlight an important general difference between methods, such
as binding patterns, that encode the satisfiability of functional constraints in the model,
and methods such as ours that verify them when a query is executed: the latter class of
methods can take advantage of rewriting opportunities that arise from the specific form
of the query, even if they do not apply to a class of queries that can be identified at
modeling time.

6 Conclusions

In this paper, we have considered the modeling of data sources for which a relational
model doesn’t apply, but that can be as a set of functions that, given certain constants
and certain conditions, return a set of “corresponding” values. We were interested in
modeling these sources as relations, and to find algorithms to translate queries on these
relations into combinations of functions provided by the source.

The simplest form of the model that we have presented here is, mutatis mutandis,
an instance of the problem of finding the closure of a set of functional dependencies
and, in this sense, a rather classic one. The framework introduced in that section, how-
ever, allowed us to extend the formalism to other problems that either from a modeling
point of view (the inclusion of data sorts representing conditions) of algorithmic (the
inclusion of joins) go beyond the transitive closure problem.
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In these conclusions, we would like to propose a further interpretation of the work
presented here, an interpretation that, we believe, is more likely to generate interesting
developments. The functions defined for the data source can be seen as atomic state-
ments in a query planning language in which we want to translate our queries, and
the function algebra that we have defined constitutes the structural statements of this
planning language.

The problem that we have is therefore that of “implementing” queries in a language
of fixed structure, but whose primitives change from source to source. In this frame-
work, we can start asking questions such as the optimal structure of the language in
order to manage the variability of the statement while still preserving the possibility of
easy optimization, or the minimal characteristics of the primitive statements that allow
the creation of interesting plans.

Finally, the nature of our method might make static planning (planning done sep-
arately from the execution) impossible, because there is no a priori indication of what
queries will be feasible and which won’t. it is not clear, at this time, whether static
optimal planning is possible for sources with restrictions modeled this way, or if it is
necessary to resort to some form of on-the-fly planning as the query is being executed.

These we regard as promising future directions for our work.
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Abstract. Roles are meant to capture dynamic and temporal aspects of real-
world objects. The role concept has been used with many semantic meanings:
dynamic class, aspect, perspective, interface or mode. This paper identifies
common semantics of different role models found in the literature. Moreover, it
presents a conceptual modelling pattern for the role concept that includes both
the static and dynamic aspects of roles. A conceptual modelling pattern is
aimed at representing a specific structure of knowledge that appears in different
domains. In particular, we adapt the pattern to UML. The use of this pattern
eases the definition of roles in conceptual schemas. In addition, we describe the
design of schemas defined using our pattern in order to implement them in any
object-oriented language. We also discuss the advantages of our approach over
previous ones.

1 Introduction

Accurate and complete conceptual modelling is an essential premise for a correct
development of an information system. Reusable conceptual schemas facilitate this
difficult and time-consuming activity. The use of patterns is a key aspect to increase
the reusability in all stages of software development.

A pattern identifies a problem and provides the specification of a generic solution
to that problem. The definition of patterns in conceptual modelling may be regarded
in two different ways: conceptual modelling patterns and analysis patterns.

In this paper, we distinguish between a conceptual modelling pattern that is aimed
at representing a specific structure of knowledge encountered in different domains
(for instance the MemberOf relationship), and an analysis pattern that specifies a
generic and domain-dependent knowledge required to develop an application for
specific users (for instance a pattern for electronic marketplaces). Authors do not
always make this distinction. For example, to Fowler, in [9], patterns correspond to
our conceptual modelling patterns while to Fernandez and Yuan, in [8], patterns cor-
respond to our definition of analysis patterns. For a further discussion on analysis
patterns see Teniente in [30].

The goal of this paper is to propose a conceptual modelling pattern for roles. A
role is meant to capture dynamic and temporal aspects of real-world objects. There
are some dynamic situations from the real world that are not well suited just with the
basic modelling language constructs. For example, when we want to model situations
where an entity can present different properties depending on the context where it is
used.
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Although definitions of the role concept abound in the literature of conceptual
modelling [2][4][6][9][14][25][26] a non-uniform and globally accepted definition is
given. Roles are difficult to represent. They are not merely reified names for the par-
ticipants in events. As we show in section 3, they can neither be represented as sub-
types of other entity types even assuming multiple classification and inheritance.
Rather, roles have their own characteristics that require them to be specified with a
particular language construct in conceptual schemas.

We identify common semantics of role models found in the literature and present a
pattern that fulfils them. The use of this pattern eases the definition of roles in con-
ceptual schemas. Moreover, we also discuss the design and the implementation of
conceptual schemas that use our pattern to facilitate their implementation in object-
oriented languages. We adapt the pattern to UML [20]. As far as we know, ours is the
first approach that allows the definition of roles by using the standard UML.

The rest of this paper is organized as follows: the next section presents the Roles
as entity types Pattern. Section 3 comments related work and compare it with our
proposal. Finally, conclusions and further work are presented.

2 Roles as entity types Pattern

In order to describe the role pattern we adopt the template proposed by Geyer-Schulz
and Hahsler in [12] to describe conceptual modelling patterns (called by the authors
analysis patterns). They adopt a uniform and consistent format, in contrast to Fowler
in [9] who uses a very free format for pattern writing. Geyer-Schulz and Hahsler
stress that adhering to a structure for writing patterns is essential since patterns are
easier to teach, learn, compare, write and use once the structure has been understood.

Their template preserves the typical context/problem/forces/solution structure of
design patterns but adapted for the description of conceptual modelling patterns. The
template includes the following sections: (1) Pattern Name. (2) Intent: what the pat-
tern does and what problems it addresses. (3) Motivation: a scenario that illustrates
the problem and how the pattern contributes to the solution in the specific scenario.
(4) Forces and Context that should be resolved by the pattern. (5) Solution: descrip-
tion of all relevant structural and behavioural aspects of the pattern. (6) Conse-
quences: how the pattern achieves its objectives and the existing trade-off. (7) Design
and implementation: how the pattern can be realized in the design stage. (8) Known
uses: examples of the pattern.

Note that, in the same way design patterns include the outline of possible imple-
mentations of the pattern [11], our conceptual modelling pattern includes the outline
of the design of the pattern.

Following this template, next sections present the Roles as entity types Pattern.

2.1 Intent

The intent is the representation of roles that entities play through their life span and
the control of their evolution.
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2.2 Motivation

The role concept appears very frequently in conceptual modelling. However, the
possibilities that offer conceptual modelling languages to deal with them are very
limited and cover only a small part of the role features (see, for example, what UML
supports in [7] and [28]).

There is not a uniform and globally accepted definition of roles. We illustrate here
some of the most relevant ones:

e “Role classes capture the temporal and evolutionary aspects of the real-word ob-
jects”, Dahchour et al. in [6].

e “Roles allow an object to receive and send different messages at different stages
of evolution”, Pernici in [25].

e “Role is a defined behaviour pattern which may be assumed by entities of differ-
ent kinds”, Bachman and Daya in [1].

e “Roles are founded; defined in terms of relationship to other things, and lacks of
“semantics rigidity” (something is semantically rigid if its existence is tied to its
class)”, Guarino in [14].

To summarize the above definitions, we could say that roles are useful to model
the properties and behaviour of entities that evolve over time. The entity type Person
is an illustrative example. During his or her life, a person may play different roles, for
example he or she may become a student, an employee, a project manager, and so
forth. Besides this, a person may have different properties and behaviour depending
on the role or roles he/she is playing in a certain instant of time.

For instance, consider the following scenario: let Maria be a person who starts
studying at a University (Maria plays the role of student). After some years of study
she registers to a second university degree (Maria plays twice the role of student) and
starts to work in a company (Maria plays the role of employee). In that company she
may become a project manager (now, Maria through her employee role, plays the role
of project manager). Note that, in this scenario, if we ask for the telephone number of
Maria, the answer is not trivial since depending on the role she is playing it may be
her personal or her company phone number.

Taking into account the complexity of the notion of role and the lack of support for
roles in present conceptual modelling languages, it is clear that a pattern to define
such a common construct is needed in conceptual modelling.

2.3 Forces and Context

Our definition of the role concept is refined by describing the set of features that roles
must meet, most of which have been identified by Steinmann [27]. In our case, these
features are the forces that influence and should be resolved by the pattern.

We describe them using some examples over the scenario introduced above:

1. Ownership. A role comes with its own properties [16][6][15][31], i.e., an instance
of Employee has its own properties which may be different to the ones of the
entity type that plays such a role.
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. Dependency. An instance of a role is related to a unique instance of its entity type

and its existence depends on the entity type to which it is associated to [16][4][6],
i.e., it is not possible to have an instance of Student not related to an instance of
Person.

. Diversity. An entity may play different roles simultaneously [16][6][13][25][15]

[31][32], i.e., an instance of Person may play simultaneously the role of Student
and Employee.

. Multiplicity. An instance of an entity type may play several instances of the same

role type at the same time [16][6][13][15][25][31][32]. For instance, a person that
registers to more than a University have multiple instaces of Student related to it.

. Dynamicity. An entity may acquire and relinquish roles dynamically [1][16][6]

[13][15][23], i.e., a person may become a student, after some years become an
employee, finish his/her studies, become a project manager, start another degree
and so forth.

. Control. The sequence in which roles may be acquired and relinquished can be

subject to restrictions [6][25][31], i.e., a person may not become an employee
when he/she is older than 65 years.

. Roles can play roles [16][4][6][31][32]. This mirrors that an instance of Person

can play the role of Employee and an instance of Employee can also play de role
of ProjectManager.

. Role identity [31]. Each instance of a role has its own role identifier, which is

different from that of all other instances of the entity to which is associated with.
This solves the so-called counting problem introduced by Wieringa et al in [31]. It
refers to the fact that we need to distinguish the instances of the roles from the
instances of the entity types that play them. For example, if we want to count the
number of people that are students in a university (i.e. every person who is
registered to at least a program in such university), the total number is less than
the number of registered students in such university (in this case a person is
counted twice if he or she is registered at two programs).

. Adoption. Roles do not inherit from their entity types [16][13]. Instead, instances

of roles have access to some properties of their corresponding entities i.e., Student
may adopt name and address properties of Person but neither religion nor marital
status properties. Therefore, the Student role cannot use the last two referred
properties.

2.4 Solution

We divide the solution of our role pattern in two subsections. The first one deals with
the structural aspects of roles while the second one deals with their evolution.

2.4.1 Structural Aspects of Roles

We believe there is not a fundamental difference between roles and entity types since
roles have their own properties and identity. Therefore, we represent roles as entity
types with their own attributes, relationships and generalisation/specialisation hierar-
chies. For practical reasons we call role entity types (or simply role if the context is
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clear) the entity types that represent roles and natural entity types’ (or simply entity
types) the entity types that may play those roles.

We define the relationship between a role entity type and its natural entity type by
means of a RoleOf relationship. This special relationship relates a natural entity type
with a role entity type to indicate that the natural entity type may play the role repre-
sented by the role entity type. In the relationship we also specify the properties (at-
tributes and associations) of the natural entity type that are adopted by the role entity
type.

Note that, since roles may play other roles, the same entity type may appear as a
role entity type in a RoleOf relationship and as a natural entity type in a different
RoleOf relationship.

Although this representation may be expressed in many conceptual modelling lan-
guages, in this work, we only adapt it to UML. In particular, we use UML 2.0 [20]
and OCL 2.0 [19] versions.

To be able to represent the RoleOf relationship we use the extension mechanisms
provided by UML, such as stereotypes, tags and constraints. Stereotypes allow us to
define (virtual) new subclasses of metaclasses by adding some additional semantics.
A stereotype may also define additional constraints on its base class and add some
new properties through the use of tags.

The <<RoleOf>> stereotype allows us to define a RoleOf relationship between the
natural and role entity types. The base class of the stereotype is the Association meta-
class, which represents association relationships among classes. The <<RoleOf>>
stereotype also includes the properties? the role adopts from the natural entity type.
They are represented with a multivalued tag, called adoptedProperties. We may pack
this stereotype in a new UML Profile [20] for Roles. Figure 1 shows the definition of
the <<RoleOf>> stereotype.

<<stereotype>>
RoleOf <<stereotype>> <<Metaclass>>
Association

adoptedProperties[*]: String

Fig. 1. Definition of the RoleOf stereotype

The multiplicity of the role towards its entity type is ‘1’ (since a role can only be
related to a single instance of the entity type) and its settability is readOnly (the role
instance must always be related to the same instance of the entity type).

As an example, figure 2 shows the extended example introduced in section 2.2
specified in UML. The figure illustrates a natural entity type, Person, with its own
properties, playing two roles: Student and Employee. The role Student is a generalisa-
tion of domestic and foreign students. The role Employee may play also the role of
ProjectManager, who manages a set of tasks. Student adopts properties name, phone

' The natural entity type of a role relationship has sometimes been called object class [6] [31]

ObjectWithRoles [13], natural type [14] [27], base class [4], entity type [1], entity class [2],
base role [24], or core object [3].
2 A property in UML 2.0 [20] represents both the attributes and associations of an entity type.
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number and country (represented as attributes) and address (represented as an asso-
ciation) from Person, and Employee adopts the name and the derived age attribute.
ProjectManager adopts name, employee number and the contract expiration date
from Employee.

Note that Employee has its own phone number different from the Person’s phone
number, i.e., Employee does not adopt the phone number attribute from Person.
Therefore the answer to the question: “which is the phone number of Maria?” will
vary depending on whether we are considering Maria as an instance of Person or
Employee. The stereotyped operations shown in the figure will be taken up in the
following section.

Employee <<RoleOf>> Person Address
{adoptedProperties =
employee#: Integer name, age} | name: Sring e
category: String * 1| phone#: PhoneNumber 1f street: S.lrmg
phone#: PhoneNumber {readOnly| birthDate: Date number: 'Inte.ger
state: String y country: String ZIPcode: String
expirationDate: Date /age: Integer
<<IniIC>> mayBeHired() 1|{readOnly}
<<DelIC>> mayBeFired() <<RoleOf>>
{adoptedProperties = name,
{readOnly| 1 * address, phone#, country }
<<RoleOf>> Student University
{adoptedProperties = name, x ]
0.7 employeet, expirationDate } student#: Integer name: String
ProjectManager Task g
rojectName: Strin; .
EtarJtDate: Date € 1 = LaskNam‘e: String DomesticStudent ForeignStudent
startDate: Date
IniIC. dueDate: Date
<<IniiC>> cost: Integer
notTooManyPendingTasks () ¢

Fig. 2. Example of RoleOf relationhips in the UML

To complete the definition of the static aspects of roles we must attach some con-
straints to the <<RoleOf>> stereotype in order to control the correctness of its use.
The constraints are the following:

e A stereotyped <<RoleOf>> association is a binary association with multiplicity
‘1’ and settability readOnly in a member end.

o Each value of the adoptedProperty tag must coincide with the name of a property
of the natural entity type.

¢ A role entity type can only be related throughout a RoleOf relationship to at most
a natural entity type.

e No cycles of roles are permitted; a role entity type may not be related throughout
a direct or indirect RoleOf relationship to itself.

Adopted properties by the role from its natural entity type may be considered as
implicit properties of the role entity type. Nevertheless, in order to facilitate the use of
these adopted properties (for instance, when writing OCL expressions) we may need
to include them explicitly in the role entity type. In this case, we add an extra prop-
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erty in the role entity type for each adopted property. These extra properties are la-
beled with the <<adopted>> stereotype to distinguish them from the own properties
of the role entity type. In addition, they are derived. Their derivation rule always
follows the general form:

context RoleEntityType::adoptedPropertyX: Type

derive: naturalEntityType.propertyX

Note that, to facilitate the work of designers, these added properties can be auto-

matically generated. Figure 3 extends a subset of the previous example illustrating the
Student role entity type including its adopted properties.

Person <<RoleOf>> Student

{adoptedProperties = name,

name: String address, phone#, country) student#: Integer )

phone#: PhoneNumber <<adopted>>/name: String
birthDate: Date * <<adopted>>/phone#: PhoneNumber
country: String (readOnly} <<adopted>>/country: String

/age: Integer

%
¥ <<adopted>>
context Student::name: String
1 derive : person.name

Address ! context Student::phone#: PhoneNumber

derive : person.phone#

context Student::country: String
derive : person.country

context Student::address: Address
derive : person. address

street: String
number: Integer
ZIPcode: String

Fig. 3. Example of the Student role entity type

2.4.2 Role Acquisition and Relinquishment

So far, we have introduced a representation of the static part of the Roles as entity
types Pattern. Nevertheless, this is not enough since role instances may be added or
removed dynamically from an entity during its lifecycle and this addition or removal
may be subjected to user-defined restrictions.

Since roles are represented as entity types we may define constraints on roles in
the same way as we define constraints on entity types. Some of the constraints are
inherent to our role representation (for example, that a person must play the role of
Employee to play the role of ProjectManager, is already enforced by the schema).
Other restrictions involved may be expressed by means of the predefined constraints
of UML. For example, to restrict that an Employee cannot play more than twice the
ProjectManager role simultaneously, it is enough to define a cardinality constraint in
the relationship. The definition of the rest of constraints requires the use of a general-
purpose language, commonly OCL in the case of UML. For instance, we could spec-
ify OCL constraints to control that:

e A person can only play the role of Employee if he/she is between 18 and 65 years
old:
context Employee inv:
self.age>=18 and self.age<=65
e Any task of a ProjectManager must finish before his contract expires
context Task inv:
self.dueDate<self.projectManager.expirationDate
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These OCL constraints are static, and thus, the role instances must satisfy them at
any time. However, many of the restrictions that may be involved in the evolution of
roles only apply at particular times, concretely they only need to be satisfied when the
role is acquired or when it is relinquished. To specify such constraints we use the
notion of creation-time constraints defined by Olivé in [18] and, in a similar way, we
define the deletion-time constraints.

Creation-time constraints must hold when the instances of some entity type are
created (in our case when the role is created). Deletion-time constraints must hold
when the instances of some entity type are deleted (in our case when the role is de-
leted). These constraints are represented as operations, also called constraint opera-
tions, attached to the entity types and identified by a special stereotype. The creation-
time constraint operations are marked with the stereotype <<InilC>>. We define the
stereotype <<DellC>> for the deletion-time constraint operations.

These operations return a boolean that must be true to indicate that the constraint is
satisfied. If the operation returns false (i.e., the constraint is not satisfied) then the
creation or deletion event of the role is not accomplished. When appropriate, the
operations are automatically executed by the information system.

As an example, we have defined the following restrictions in figure 2:

e A person cannot become an employee if he/she is studying two university degrees
simultaneously. Note that this does not imply that a person that is already an
employee may apply for two degrees.

context Employee :: mayBeHired () : Boolean
body: self.person.student->size()<2

¢ An employee may not be fired if he or she is in maternity leave.
context Employee :: mayBeFired () : Boolean
body: self.state<>’MaternityLeave’
¢ An employee may not become a new project manager if he/she still holds more
than ten pending tasks.
context ProjectManager:: notTooManyPendingTasks(): Boolean
body self.employee.projectManager.tasks->
select(dueDate>Today)->size()<=10

2.5 Consequences

Our pattern of roles achieves the objectives proposed in Section 2.3 since it fulfils the
role features outlined before:

e Ownership. As roles are represented as entity types, they may have their own
properties.

e Dependency. The cardinality ‘1’ with the tag {readOnly} ensures that all role
instances depend on a unique instance of the natural entity type.

e Diversity. As the RoleOf relationship is an association, entity types may have
many RoleOf relationships.

e Multiplicity. This is obtained by the cardinality at the RoleOf relationship.

e Dinamicity. Entities are related to their roles through an association. Thus, an
entity may acquire or retract instances of a role many times.
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e Control. The sequence in which roles may be acquired and relinquished can be
subjected to restrictions.

¢ Roles can play roles. Roles are represented by ordinary classes. So, they can be
participants of a RoleOf relationship.

¢ Role identity. As roles are represented as entity types, their instances have their
own identifier.

e Adoption. The adoptedProperty tag of the RoleOf relationship allows the
definition of this mechanism.

A trade-off that one may find in our representation is that we do not consider that
roles can be associated to different natural entity types. We believe this situation may
be solved by defining a common supertype for all the natural entity types that play
such role. For instance, if we need Client to be role of both Company and Person
(understood as a physical person), we could define a common supertype for Company
and Person, called LegalPerson, which plays the role of Client.

On the other hand, we do not allow roles to remain unconnected to any entity, as
for instance, Employee understood as a vacant position not played by any Person.
This approach is commonly used when considering roles just as interfaces. We dis-
cuss the limitations of this approach in Section 3.

2.6 Design and Implementation

There are some design patterns useful for designing and implementing roles in object
oriented languages [9]. However, most of them are unable to deal with our proposed
role semantics completely. A well-known pattern close to our role defined semantics
is the Role Object Pattern [3]. This pattern is especially well suited for role imple-
mentation when roles are deemed as a specialization (or a kind of specialization) of
its entity type (see Pelechano et al. in [24] as an example).

Nevertheless, this pattern is not entirely appropriate for designing our conceptual
modelling pattern. We encounter two main problems in the Role Object Pattern. First,
it uses a common superclass for all the roles of the entity type. In our approach, roles
are independent entity types with not necessarily any common properties that justify
this superclass. Secondly, all the roles are forced to have the same inherited proper-
ties; it is not possible to define different adopted properties for each role.

This is the reason why we advocate here for an adapted version of this pattern that
takes into account our complete role semantics, including the adoption mechanism
and the creation-time and deletion-time constraints.

Given a natural entity type and the set of its roles, we create a class for the natural
entity type and a class for each role. We create a different relationship between the
natural entity type and each of its roles. This relationship will be used to navigate
from the natural entity type to its roles and vice versa. We add to the natural entity
type two new operations addRole and deleteRole in charge of adding (deleting) roles
to the natural entity after checking the creation-time (deletion-time) constraints. We
could also add other useful operations when dealing with roles, such as hasRole (to
check whether an entity plays a role) or gefRole (to obtain a role played by the entity).
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The problem of the design of the adopted properties may be regarded as the same
problem as designing derived information. In general, from a design and/or imple-
mentation point of view, there are two different approaches to deal with derived in-
formation. The attributes may be computed if they are calculated by means of an
operation or may be materialized if they are explicitly stored in the class. In this case,
for each adopted property we add an extra operation to the role class that returns the
value of the property of the natural entity type. The operation accesses the property of
the natural entity type navigating through the relationship.

Figure 4 summarizes our proposal. In figure 5 we apply the proposed design pat-
tern to a part of the conceptual schema of figure 2. Note that Employee is both a role
for the Person entity type and a natural entity type for the ProjectManager role, and
thus, it presents both a reference to Person (as a role entity type) and the operations
addRole and deleteRole (as a natural entity type). Additionally, Employee includes
also the name and age operations to get this information from Person.

NaturalEntityType RoleEntity Typel
Properties 1 # | Properties
Operations Operations
addRole() opPropertyAdopted1()
deleteRole() .

1

- RoleEntityTypeN

Fig. 4. Summarized class diagram of the design

This structure can be directly implemented in any common object-oriented lan-
guage. An example of the implementation in the Java Language can be found in [4].

Person Employee
name: String employee#: Integer
phone#: PhoneNumber category: String
birthDate: Date 1 «| phone#: PhoneNumber
country: String state: String
expirationDate: Date
age()
addRole() Z;:go
deleteRole() addRole()
1 deleteRole()
1
% 0.2
Student ProjectManager
studenti#: Integer projectName: String
startDate: Date
name()
address() name()
phone#() employee#()
country() expirationDate()

Fig. 5. Example of an application of the design
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2.7 Known Uses

The role concept appears frequently in many different domains of the real world,
since in each domain we can find entity types that present some properties that evolve
over time.

Papazoglou et al. in [23] note that roles can be useful for several types of applica-
tions based on the use of object-oriented technology and they describe two examples
of broad types of application that need role support: security and workflows. Some
more examples are discussed by Jodlowski et al. in [15].

3 Related Work

Previous research can be grouped in four basic approaches to represent roles. We
discuss the major drawbacks of each approach according to our role defined seman-
tics. However, they may suffice when considering more limited semantics.

The first approach represents a role as a label assigned to a participant in an event
[20]. This representation does not achieve our objectives because roles come with
their own properties different from those of the entity types playing them, which
cannot be defined within the label.

A second approach considers that roles and entity types can be combined into a
single hierarchy [1][4][26]. Role entity types are represented as subtypes of the natu-
ral entity type. For instance, if Person were a natural entity type, then Student, Em-
ployee and ProjectManager roles would appear as subtypes. Quite obviously, such a
solution requires dynamic and multiple classification, since a person can change
his/her role and play several roles simultaneously. However we would like to make
emphasis of three important features that specialization does not cover. First, what we
have defined as multiplicity: an entity may play the same role more than once at the
same time (i.e., specializations does not allow to define a Person playing simultane-
ously twice the role of Employee). The second one is adoption; with specialization we
cannot restrict which attributes are adopted by the roles because they inherit all the
attributes of their supertype. And finally, with specialization the role and the entity
type have the same identifier, therefore the counting problem mentioned before is not
solved. A further discussion on this topic can be seen in [27] and [15].

A third approach suggests that roles are only partial specifications of the entities
playing them, and then the features of roles are the very features of interfaces (inter-
faces as types, in the sense of Java and UML) as Steimann in [29] or Lea and Mar-
lowe in [17]. This alternative does not solve the multiplicity feature since an entity
may not play the same interface more than once at the same time. On the other hand,
roles do not have their own separated state (the whole state is shared in the natural
entity type), since interfaces do not have their own attributes. Besides, when an in-
stance of the natural entity type is created it acquires automatically all the roles, and
thus, we cannot control nor restrict the evolution of the roles the instance of the natu-
ral entity type plays. Therefore, we consider that interfaces do not cover everything
one might expect from the role concept.

The last approach, and also our approach, represents a role as a distinct element
from an entity type but coupled to it [6][16][22][25][27]. However, most of these
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approaches use different semantics that the ones presented in this paper. For instance,
some solutions are based on the fact that the instance of a natural entity type and its
role instances share the same object identifier as Papazoglou et al in [22], among
others. These solutions neither solve the counting problem mentioned before. Others,
as Pernici in [25] do not allow roles to play roles. Our alternative suggesting roles as
separated entity types fulfils the role semantics.

We believe one of the main advantages of our approach over previous ones is that
we handle the complexity of role semantics in a very simple manner since we repre-
sent roles and its evolution with already existing elements (entity types and con-
straints) without adding completely new language constructs. Therefore, the designer
can easily use the pattern to specify roles in conceptual schemas. In addition to this,
our pattern describes a representation of roles in the standard UML, and thus, the
pattern can be directly incorporated into current UML CASE tools.

We would also like to remark that our approach is complete and feasible in the
sense that includes the design and the implementation of the pattern, in contrast to
most of previous approaches that do not state how this could be achieved.

4 Conclusions and Further Work

This paper identifies the most important features of roles and presents the Roles as
entity types pattern, a conceptual modelling pattern for roles. We have adapted the
pattern to allow the specification of roles in UML conceptual schemas. To our knowl-
edge, ours is the first standard extension to UML to define roles in conceptual sche-
mas in this language. The pattern can be easily implemented in any UML CASE tool
in order to allow designers to use the role concept.

The pattern includes the static aspects of roles as well as their evolution. We define
roles as entity types (role entity types) related to natural entity types by means of a
RoleOf relationship that includes the adoption of properties from the natural entity
types by the role entity types. We have extended UML by means of the <<RoleOf>>
stereotype to be able to represent such kind of relationships. To specify the role evo-
lution we use two special kinds of constraints: creation-time constraints and deletion-
time constraints. We have also discussed the design and implementation of concep-
tual schemas specified using the pattern.

It would be interesting to study which taxonomies appearing in conceptual sche-
mas should be better specified by using RoleOf relationships. This could be done by
comparing the specification of the same case study with and without the use of roles.
Moreover, we would like to automatize our approach by means of an application that
given a conceptual schema (for instance, represented in XMI [21]) would generate
automatically the corresponding classes in the target object oriented language. These
are directions in which we plan to continue our work.
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Abstract. Our goal is to model the way people induce knowledge from
rare and sparse data. This paper describes a theoretical framework for
inducing knowledge from these incomplete data described with concep-
tual graphs. The induction engine is based on a non-supervised algo-
rithm named default clustering which uses the concept of stereotype and
the new notion of default subsumption, the latter being inspired by the
default logic theory. A validation using artificial data sets and an appli-
cation concerning an historic case are given at the end of the paper.

1 Introduction

We aim to model the way it is possible to induce knowledge from rare and
sparse data using a default reasoning. In this way, we propose a new induction
engine using non-supervised learning techniques and the conceptual graph for-
malism as described by J. Sowa [1]. The induction mechanism is based on the
notion of default subsumption, the latter having been inspired from the default
logic theory of R. Reiter [2]. This new model has been designed both to deal
with heterogeneous and incomplete databases and to understand the way people
build stereotypes from incomplete information, as it can be found for example
in newspaper articles.

On the one hand, such databases have to be automatically completed with
a default reasoning to become comparable. On the other hand, our hypothesis
is that popular inductions are not only due to the lack of facts, but also to the
poor description of the existing facts. This sparseness is particularly favorable
to the use of background knowledge —like theories— and to the elaboration of
caricatural representations we called stereotypes.

In such cases, we simulate the erection of categories from incomplete informa-
tion by using machine learning and data mining techniques. These categories are
formed with a new relation we introduce, the default subsumption, and named
thanks to the concept of stereotype, which is defined below. In the past, some
meaningful results have been obtained by using supervised learning techniques
and applying them to model pre-scientific reasoning both in the field of medicine
and in some cases of dissemination of social misrepresentations [3,4].
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Our paper is divided in two parts. The first section presents the logical frame-
work modeling inductive reasoning from sparse descriptions. This framework
makes use both of the notion of default subsumption, which is analogous to
default logic, and of the concept of stereotype, which models the way sparse
descriptions may be categorized. Details tools and strategies are then detailed
in order to build such sets of stereotypes. The second section is dedicated to the
validation of the model from artificial data sets and to a real application dealing
with social misrepresentations.

2 Logical Framework

2.1 Default Logic

During the eighties, there were many attempts to model deductive reasoning
in presence of implicit informations. A lot of formalisms [5,6,2] have been de-
veloped to encompass the inherent difficulties of such models, especially their
non-monotony: close-world assumption, circumscription, default logic, etc. Since
our goal here is to model the way people induce empirical knowledge from par-
tially and non homogeneously described facts, we face a very similar problem:
in both cases, it is to reason in presence of implicit information. Therefore, it is
natural to make use of similar formalisms.

In this case, we choose the default logic formalism, which were developed
in the eighties by R. Reiter [2]. This logic for default reasoning is based on the
notion of default rules, which permits to infer new formulas when the hypotheses
are not inconsistent.More generally, a default rule has always the following form:
A : By, By, ...B,/C where A is called the prerequisite, B; the justifications and
C the conclusion. This default rule can be interpreted as follows: if A is known
to be true and if it is consistent to assume B;, B2, ...B,, then conclude C.

For instance, let us consider the next default rule:

politician(X) A introducedAbroad(X) : — diplomat(X) / traitor(X)

This rule translates a usual way of reasoning for people living in France
during the end of the 19th century; it means that one can suspect all politicians
who are introduced abroad to be traitors towards their own countries, except
for diplomats. In other words, it expresses that the conclusion traitor(X) can
be derived if X is a politician who is known to be introduced abroad while we
cannot prove that he is a diplomat.

Let us note that information conveyed by default rules refers to implicit con-
notations. As example, the antinomy among patriots and internationalists or the
rule that assimilates almost all the politicians involved with foreigners to traitors
correspond to connotations and may facilitate the completion of partial descrip-
tions. The key idea is that people have in mind stereotypes that correspond to
strong images stored in memory and that partial descriptions evoke such stereo-
types. The following sections are dedicated to this concept of stereotype; before,
it is necessary to introduce the notion of default subsumption.

In the rest of this section, we use the framework designed by Sowa in [1]. A
short introduction can be found at [7].
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2.2 Default Subsumption

First of all, let us assume that a stereotype is a specific description, which will
be in this paper a conceptual graph, and consider the description function ¢ :
F — D which associates a conceptual graph 6(f) € D to each fact f from the
set of initial facts F. Let us next consider that a fact subsumes another fact if
it is the result of the generalization operators.

A stereotype stored in the memory is said to subsume a fact by default if it
has no contradictory features with the description of the fact considered, i.e. §(f).
So it can be used to complete this description without adding any incoherence.
In other words, the fact can be completed in such a way that its description can
now be subsumed by the stereotype.

Let us consider now the graph g associated with a fact in which there is a very
large number of missing data. The missing data can be guessed and completed
to obtain a more specific graph gg. We follow here the notations given by Sowa
in [1] (definition 3.5.1): gs < ¢ means that gg is a specialization of g and ¢ is a
generalization of gg, i.e. g subsumes gg. Now, let s be one stereotype belonging
to the structured memory. If this stereotype is more general than gg, ie gs < s,
then it subsumes g by default. More formally:

Definition 1. Let f be a fact represented by the conceptual graph g = 6(f) and
s a stereotype. s subsumes g by default if and only if there exists a graph gs
with gs < g and gs < s. gs is therefore a graph formed by the join operator
performed on the graphs g and s.

Fig. 1 presents the fact The meal of Jules is composed of steak, red wine,
and ends with a cup of very hot coffee which can be subsumed by default by
the stereotype The meal is composed of steak with potatoes and French bread,
and ends with a cup of coffee because the fact can be completed to The meal of
Jules 1s composed of steak with potatoes and French bread, red wine, and ends
with a cup of very hot coffee. If the stereotype had presented a meal ending with
a liqueur, it would not match the fact and so could not subsume it by default.

Property 1. The notion of default subsumption is more general than that of
classic subsumption. Let g and ¢’ be two conceptual graphs. If g subsumes ¢’
then g subsumes ¢’ by default.

Property 2. The default subsumption is a symmetrical relation. Let u; and us
be two conceptual graphs. If u; subsumes us by default, then us subsumes uq
by default too.

Let us note that the notion of default subsumption may appear strange for
people accustomed to classical subsumption since it is symmetrical. As a conse-
quence, it does not define an ordering relationship on the space of description.

2.3 Concept of Stereotype

Eleanor Rosch saw the categorization itself as one of the most important issues
in cognitive science [8]. She observed that children learn how to classify first
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Fact Stereotype

‘MEAL: the meal of Jules‘

mainly accompanied mainly accompanied
with a drink composed of with bread

composed of
‘ DISH ‘ ‘ RED WINE ‘ ‘ COFFEE ‘ ‘ DISH ‘ FRENCH COFFEE
BREAD

mainly th accompanied mainly
composed of warm with vegetables, composed of
STEAK ‘ VERY HOT ‘ ‘ POTATOES ‘ ‘ STEAK ‘

Completed fact

end with end with

‘MEAL: the meal of Jules‘

mainly
composed of

l

accompanied accompanied end with
with bread with a drink

DISH FRENCH ‘ RED WINE ‘ ‘ COFFEE ‘
BREAD
mainly accompanied )
(composed Of) [Wilh vegelable; warmth

‘ STEAK ‘ ‘POTATOES‘ VERY HOT

Fig. 1. The stereotype subsumes by default the fact description. The description below
is the result of the join operator, i.e. the completed fact.

in terms of concrete cases rather than through defining features. She therefore
introduced the concept of prototype as the ideal member of a category. Owner-
ship to a class is then defined by the proximity to the prototype and not by the
number of shared features.

For example, a robin is closer to the bird prototype than an ostrich, but they
are both closer to it than they are to the prototype of a fish, so we call them both
birds. However, it takes longer to say an ostrich is a bird than it takes to say a
robin is a bird because the ostrich is further from the prototype. Sowa defines a
prototype as a typical instance formed by joining one or more schemata. Instead
of describing a specific individual, it describes a typical or “average” individual.

From a computational point of view the concept of prototype is difficult to
manage since many complete observations have to be considered in order to
construct such an ideal fact. Furthermore, it is not really appropriate in order to



Modeling Default Induction with Conceptual Structures 87

classify new observations and predict missing information. We therefore propose
to adopt the concept of stereotype, which is quite close to that of prototype but
more adapted to missing values.

The concept of stereotype was introduced by W. Lippman in a book about
public opinion [9]. We define it here as a specific and imaginary fact that com-
bines features found in the facts it subsumes by default. Since there is no con-
tradiction between a fact and its related stereotype, it may be used to complete
its description. In other words, a stereotype s is said to cover a fact described
by g if and only if s subsumes by default the graph g. As a consequence, g may
be completed by the conceptual graph s. This point will be detailed later.

2.4 Set of Stereotypes

Groups of people share implicit knowledge, which makes them able to understand
each other without having to express everything explicitly. This sort of knowledge
can be expressed in terms of erudite theories (e.g. the “blocking perspiration”
theory in [3]) or use a more “naive” formulation. Our second hypothesis is that
this implicit knowledge can be stored in terms of sets of stereotypes. This means
that many people have in mind the sets of stereotypes and that they use them
to reason in a stereotyped way by associating new facts to stereotypes they have
in mind.

To formalize this idea, let first suppose that a description space D and a
set of facts F' are given. Then, a measure of dissimilarity Mp is defined on D.
Previous work deals with graph matching and an interesting method to calculate
the similarity between two conceptual graphs is proposed in [10]. However, in the
present context we consider sufficient a simplier measure that adds the differences
between graphs.

First let us recall the definition of compatibility given in [1]:

Definition 2. Let conceptual graphs uy and us have a common generalization
v with projections m : v — uy and we : v — ug. The two projections are said to
be compatible if for each concept ¢ in v, the following conditions are true:

1. type(mic) Nitype(mac) > 1.

2. The referents of myc and mac conform to type(mwic) Ntype(mac).

3. If referent(mic) is the individual marker i, then referent(mac) is either i
or *.

We now consider that there is always only one least common generalization,
i.e. only two projections that are compatible and maximally extended. It is easy
to generalize our model with graphs having several least common generalizations.

The following theorem is stated in order to link the notions of compatibility
and default subsumption:

Theorem 1. Let conceptual graphs ui and ug have the least common general-
ization v with projections m : v — w1 and o 1 v — ug. ™ and Ty are compatible
if and only if uy subsumes us by default.
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Proof. If m; and w9 are compatible then there exists a common specialization w
of uy and ug (cf. theorem 3.5.7). According to definition 1, u; subsumes us by
default. Reciprocally, if u; subsumes uy by default then there exists a common
specialization w. Suppose that m; and me are not compatible. There therefore
exists at least one concept in v with type(m c)Ntype(mac) =L, or with the referent
of 71 ¢ or mac not conform to type(m c) Ntype(mac), or with re ferent(m c) = i and
referent(mac) = j, @ # j. These three cases are absurd because they contradict
the construction of w. Therefore, 71 and 7y are compatible.

Consider now the measure Mp counting the dissimilarities between two
graphs u; and us. Let v be the least common generalization graph with pro-
jections w1 : v — wuy and wy : v — wus. If m; and 7y are not compatible then
the measure Mp(uy,uz) is fixed by convention with an infinite value noted M
because one graph can’t be subsumed by default by the second one (cf. theo-
rem 1). Otherwise Mp(ui,uz) counts all the differences between the concepts
and relations of u; and those of us. The measure is thus defined:

Definition 3. Let conceptual graphs ui and us have the least common gener-
alization v with projections m1 : v — uy and w3 : v — us. The measure of
dissimilarities Mp(u1,u2) is equal to:

1. My, if m1 and mo are not compatible.
2. C'+T(uy) + T(u2) otherwise, where:
o C = |{conceptc € w/type(mic) # type(mac) or referent(mc) #
referent(mac)}|.
e T(u) = card(u) — card(v); card(g) corresponds to the number of nodes
(concepts and relations) of graph g.

This measure presents the following properties:

Property 3. For any conceptual graph w, Mp(u,u) = 0.

Property 4. For any conceptuals graphs v and v, Mp(u,v) = Mp(v,u).
Let us now define what is a set of stereotypes:

Definition 4. In the framework of the conceptual graphs, a set of stereotypes is
a tuple of n graphs (s1, $2,...5n).

2.5 Completion of Facts

Being given a set of facts F' and a set of stereotypes (s1, 2, ...8,), it is possible
to complete the descriptions of almost any fact f. More precisely, the completion
is possible when there exists at least one stereotype s; belonging to the set of
stereotype (s1, S2,...S,) such that s; subsumes by default the description §(f)
of the fact f. In other words, thinking by stereotypes is possible when new
descriptions are so sparse that they seem consistent with existing stereotypes.
This capacity to classify and to complete the descriptions is characteristic of the
concept of stereotype as introduced by Lippman.
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When one and only one stereotype s; covers by default the fact f, the de-
scription of f, §(f), may be completed by the stereotype s;. However, it happens
that facts may be covered by two or more stereotypes s;. Then, the stereotype
associated with a fact f is the one that minimizes the measure of disimilarity
Mp, i.e. it is the stereotype s; which both covers §(f) by default and mini-
mizes Mp(5(f),s;). It is called the relative cover of f, thanks to the measure of
dissimilarity Mp and to a set of stereotypes S = (s1, S2,...8p,).

Definition 5. In a more formal way, the relative cover of a fact f, with respect
to a set of stereotype S = (s1, 82, ...8n), noted Cs(e), is the stereotype s; if and

only if:

1. s; € (81,82, ...5,),
2. Mp(6(f),si) # Moo,
3. Vk e [1,?1],]{ 7é Z,MD((S(f),SZ) < Mp(é(f),sk)

It may also happen that no stereotype covers the new fact f, which means
that §(f), the description of f, is inconsistent with all s;. In this case, there may
not be any completion and thinking by stereotype is impossible.

2.6 Extraction of Stereotypes

Implicit reasoning is formalized here with both the default subsumption and
sets of stereotypes which structure our memory. Up to now, these sets of stereo-
types were supposed to be given. This section shows how our memories can
be organized into sets of stereotypes. In other words, it is to model the way
facts aggregate into structures which render implicit reasoning possible. From a
technical point of view, this memory organization process can be seen as a non-
supervised learning task we call default clustering, which can be summarized as
follows.

Being given a set of facts F' described with conceptual graphs, a non-super-
vised learning algorithm is supposed to organize the initial set of facts F' into a
structure, for instance a hierarchy, a lattice or a pyramid. In the present case, we
restrain to partitions of the training set, which correspond to sets of stereotypes.
Let us recall that (Fy, Fy,...F'n) constitutes a partition of the set F' if and only
if:

1. Vie[l,n],F; CF
2. Uie[lm]aFi =F
3. V(Z,j) € [1,”}2,}7,‘ N F; =0

This partition may be generated by n conceptual graphs {g1, g2, ...gn }: it is
sufficient to associate to each g; the set F; of facts belonging to F' and covered
by g; relative to (g1, 92, ...9n)-

To choose among the numerous possible structures, even with simple struc-
tures like partitions, a non-supervised algorithm requires a distance. The usual
way is to minimize the so-called intra-class distance — i.e. the average distance
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between examples belonging to the same class — and/or to maximize the inter-
class distance — i.e. the sum of distances between pairs of examples belonging to
different classes. — The key point is to have a distance among examples of the
learning set and to extend it to intra and inter-class distances.

The first distance considered used probabilities. It is very similar to the
Category Utility measure [12] which is used in the COBWEB system [13] to
evaluate good partitions. But in practice this measure is not really appropriate
for sparse descriptions. Moreover, runtime cost was rather high, which made the
learning algorithm very inefficient.

Referring to the definition of both “sets of stereotypes” and the relative cover,
it appears natural to make use of a distance close to the measure of dissimilarity
Mp. This is exactly what we do by introducing a cost function h based on Mp:

Definition 6. F' being a set of facts, the so-called training set, S = (s1, S2,...5n)
a set of stereotypes and Cg the function that associates to each fact f its relative
cover, i.e. its closest stereotype with respect to Mp and S, the cost function h is
defined as follows:

h(S) =" Mp((f),Cs(f))

feF

Once the cost function i has been defined, the non-supervised learning al-
gorithm has to build the set of stereotypes (s1, $2,...s,) that minimizes h. In
other words, the non-supervised learning problem is reduced to an optimization
problem.

There are several methods for exploring such search space. One is incremental
and very similar to the one used by Fisher in COBWEB. It starts from an empty
set with no stereotypes, considers at each step a new individual to be covered
and updates the set of stereotypes with some specific operators. For instance,
one of them creates a new stereotype equal to the considered individual; another
modifies one existing stereotype to cover it; the “merge” operator merges two
stereotypes belonging to the set of stereotypes and the “split” operator splits
one active stereotype. The search in COBWEB is a “hill-climbing” strategy; its
robustness is largely due to these last two specific operators, the “merge” and
the “split”. However, in case of sparse descriptions and especially with graphs,
the “merge” and “split” operators cannot be easily implemented. Therefore, it
is difficult to apply this algorithm here.

The second option is to search for the best set of stereotypes using general
optimization techniques. We chose a “tabu” strategy, which is a classical meta-
heuristic technique used in operational research. It seems quite well adapted to
solve our problem, as we shall see in the next section. From a technical point of
view, a neighborhood is calculated from the current solution with the assistance
of permitted movements. These movements can be of low influence (enrich one
stereotype with a descriptor, remove a descriptor from another) or of high in-
fluence (add or retract one stereotype from the current set of stereotypes). As
in almost all local search techniques, there is a trade-off between exploitation,
i.e. choosing the best movement, and exploration, i.e. choosing a non optimal



Modeling Default Induction with Conceptual Structures 91

state. The search uses short and long-term memory to avoid loops and to in-
telligently explore the search space. We shall not detail here the “tabu” search
algorithm since it is a classical one (see [11]); we shall just evaluate its robustness
on artificial data in the next section.

3 Experiments

This section validates our approach in the Attributes/Values formalism, before
proposing a real application dealing with a famous French affair translated into
conceptual graphs.

3.1 Validation on Artificial Data Sets

Evaluation validates on artificial data sets the robustness of the non-supervised
learning algorithm, which builds sets of stereotypes from a learning set F' and
a description language D. Let us recall that stereotypes are supposed to be
more or less shared by many people living in the same society. Since use of
stereotypes is the way to model implicit reasoning, it could explain why prejudges
and presupposes are almost identical in a group. Our second hypothesis is that
people reason from sparse descriptions that they are always able to complete and
to organize into a set of stereotypes in their memory. These two hypotheses entail
that people, who shared different experiences, and who read different news, are
able to build very similar sets of stereotypes from very different learning sets.
Therefore, our attempt to model construction of sets of stereotypes with a non-
supervised learning algorithm ought to have this stability property. We evaluate
it here on artificial data.

Let us now consider the Attributes/Values formalism. Being given this de-
scription language, we introduce some full consistent descriptions, e.g. (di,
da,ds), which stand for the description of a set of stereotypes. Let us note as
ng the number of such descriptions. These ng descriptions may be randomly
generated; the only points are that they need to be full and consistent.

The second step of the artificial set generation is to duplicate these descrip-
tion ng times, for instance, 50 times, making ng X ng artificial examples. Then,
these ns x ng descriptions are arbitrarily degraded: descriptors belonging to
these duplications are chosen randomly to be destroyed. The only parameter
is the percentage of degradation, i.e. the ratio of the number of destroyed de-
scriptors on the total number of descriptors. The generated learning set contains
ng X ng example descriptions, which all correspond to degradations of the ng
initial descriptions.

The default clustering algorithm is tested on these artificially generated and
degraded learning sets. Then, the stability property is evaluated by weighing the
set of stereotypes built by the non-supervised algorithm against the n, descrip-
tions initially given when generating the artificial learning set.

Our first evaluation consists in comparing the quality —i.e. the percentage of
descriptors— and the number of generated stereotypes to the initial descriptions,
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ns, while the percentage of degradation increases from 0% up to 100%. It appears
that up to more than 85% of degradation, the sets of stereotypes corresponds
most of the time to the initial ones (see figure 2).

4,5
100 s - ] 2
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Fig. 2. Quality and number of stereotypes discovered.

The second test counts the classification error rate, i.e. the rate of degraded
facts that are not covered by the right stereotype. We mean by “right stereotype”
the discovered description that corresponds to the initial fact the degraded facts
come from. Fig. 3 shows the results of our program P.R.E.S.S. relatively to
three classic algorithm for classification: k-means, COBWEB and EM. These
experiments clearly state that the results of P.R.E.S.S. are really good with a
very stable learning process: up to 75% of degradation, the error rate is less than
10% and best as the three others.
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Fig. 3. Classification error of degraded examples.
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3.2 Studying Social Misrepresentation

The application we propose deals with an historic event, the famous miscarriage
of justice known as the Dreyfus Affair which occurred at the end of the 19th
century in France. In 1894 Captain Alfred Dreyfus, an officer on the French gen-
eral staff, was accused of spying for Germany, France’s opponent in the previous
war. There were many articles about this very complex affair, bringing different
views depending on the date, recent events, the newspaper political leanings.
Thus, the liberal pro-Dreyfus Le Siécle expressed opinions which were diamet-
rically opposed to those of the conservative anti-Dreyfus L ’éclair. The facts we
considered have been taken from these articles and translated into conceptual
graphs, in order to build automatically a simplified model of the affair. The ob-
jective is to understand the influence of the press on the mental representations
during this period.

Type hierarchies including 399 concepts and 174 relations were built for this
specific context. In addition, a typical graph was proposed in order to translate
the articles into facts. Fig. 4 shows an example of a graph. It represents an article
from the newspaper L’éclair using the CoGITaNT library implemented by D.
Genest and E. Salvat [14]. This library in C4++ manipulating conceptual graphs
was chosen because of the gnu public licence, its great flexibility and the quality
of the available documentation.

It could be summarized as follows: the article taken from the mewspaper
L’éclair explicitly asserts that Alfred Dreyfus is guilty because Esterhazy was

Journal ; LEclair

Journal : LEclair ’

clanéDuDiscours >

Explicandum

Explicandumi
Personne : Dreyfusalfred I statutCquEE_il_i}_g’./ ‘]"l Coupable

Explicans

Explicansi

FPersonne : Esterhazy I tatutCulpahilitéOfficiell %

Fig. 4. A conceptual graph which translates a newspaper article.
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proved innocent by the courts. Once several articles have been translated in this
way, stereotypes can be discovered using the methods proposed earlier.

4 Conclusion

Flows of information play a key role in today’s society. However, the value of
information depends on its being interpreted correctly, and implicit knowledge
has a considerable influence on this interpretation. This is the case in many
today’s heterogeneous databases that are far to be complete and, consequently,
need special techniques to be automatically completed. This is particularly true
of the media, such as newspapers, radio and television, where the information
given is always sparse.

In this context we propose a cognitive model based on sets of stereotypes
which summarize facts by “guessing” the missing values. Stereotypes are an alter-
native to prototypes and are more suitable in the categorization of sparse descrip-
tions. They rely on the notion of default subsumption which relaxes constraints
and makes possible the manipulation of such descriptions. Descriptions are then
completed according to the closest stereotypes, with respect to the dissimilarity
measure Mp. Very good results have been found in the Attributs/Values for-
malism with artificial data sets. Our interest is now focused on a real application
using conceptual graphs.

This work relates to the domain of social representations as introduced by
Serge Moscovici in [15]. According to him, social representations are a sort of
“common sense” knowledge which aims at inducing behaviors and allows com-
munication between individuals. We think that social representations can be
constructed with the help of sets of stereotypes. The way these representations
change can be studied through the media over different periods and social groups
in comparison with such sets. This represents an unexplored way for enriching
historical and social analysis.

Finally, this paper emphasizes the danger related to a conceptualization not
really adapted to a particular problem. Missing data might induce bad interpre-
tations and lead to erroneous results. This is also what we show with the concept
of stereotypes and the notion of default subsumption.
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Abstract. Recent developments in reification of ER schemata include
automatic generation of web-based database administration systems [1,
2]. These systems enforce the schema cardinality constraints, but, beyond
unsatisfiable schemata, this feature may create unreachable instances.
We prove sound and complete characterisations of schemata whose in-
stances satisfy suitable reachability properties; these theorems translate
into linear algorithms that can be used to prevent the administrator from
reifying schemata with unreachable instances.

1 Introduction

Web-based database administration systems are becoming extremely popular
as a mean to access database information without the need to deploy a spe-
cific, architecture-bound client. In particular, recent research focuses on systems
that are automatically generated from a specification in the language of entity-
relationship (ER) schematal [1,2]. The administrator specifies a schema in a
suitable language, and the system generates an SQL implementation and an
application running server side that presents the user with suitable forms for
editing the database.

An important feature of ER schemata is the possibility of specifying cardi-
nality constraints, that is, constraints on the number of relationships involving
a certain entity. They are particularly important in the case of content man-
agement (i.e., database administration for content to be published on the web),
because relying on the constraints leads to simpler HTML generation (e.g., spe-
cial cases or missing relationships do not need to be checked). For this reason,
ER-based database administration systems enforce cardinality constraints: when
modifying the database, the user is prevented from moving the database form a
legal configuration to an illegal one.

Cardinality constraints, however, cannot be imposed lightly, as they can eas-
ily lead to problems when the schema is poorly designed. The first systematic
study of this issues can be found in a seminal paper by Lenzerini and Nobili [5],
which gave necessary and sufficient conditions for a schema to have an instance
at all (a condition called satisfiability), or to have non-empty instances (strong

L ER schemata are a popular conceptual model originally introduced by Chen [3], and
later extended in several ways [4].

P. Atzeni et al. (Eds.): ER 2004, LNCS 3288, pp. 96-109, 2004.
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satisfiability). This is the first, necessary step to ensure that the schema defini-
tion has any sense. Later, the results were further extended to schemata with
ISA [6], albeit the extension did not take into consideration type features, such
as disjunctive subtyping.

Even if a schema has non-empty instances, however, there is another or-
thogonal problem: modifications to the schema instance (i.e., to a database) are
usually constrained (e.g., a user can modify just a subset of the instance in a
transaction), and thus the existing instances may be “too far” to make the user
actually able to modify one into another.

A typical case is one in which we have entity types E and F' and mandatory
relationship types R from E to F' and S from F to E. In this case, there is no
way to move from the empty instance (without any entity or relationship) to any
nonempty instance using only local modifications, that is, inserting, deleting or
updating at most one entity and its relationships at a time (as indeed happens
in web-based content management). In other word, the schema happily passes
all static satisfiability conditions, but it is in practice unusable.

The purpose of this paper is to present sound and complete algorithms that
statically check an ER schema for instance reachability conditions. In particular,
we present an algorithm guaranteeing that all instances are mutually reachable,
and an algorithm guaranteeing that all everywhere nonempty instances are mu-
tually reachable. The second case is useful when a pre-populated database needs
very stringent constraints that do not pass the first check (as it happens in the
previous example). These results complements the static satisfiability aforemen-
tioned results: all instances of a schema with no instance at all, for instance,
are by definition mutually reachable, so satisfiability tests are necessary, but, as
shown in our previous examples, instances of fully satisfiable schemata may be
mutually unreachable.

To make our reasoning precise, we need a completely formal definition and
semantics of ER schemata that refers only to sets, elements and functions (as
proposed, for instance, in [7]); as a by-product, our results are valid indepen-
dently of the kind of DBMS that is used to implement the schema semantics?.

The main motivation for this work is ERW (http://erw.dsi.unimi.it/),
a reification tool developed by the author that creates a complete web-based
database administration system starting from a schema definition. ERW sup-
ports sophisticated features such as weak entities, multiple inheritance, user
authentication and authorisation, etc. It has been in use for the last two years
to manage the web site of the Computer Science Department of the Universita
degli Studi di Milano; recently, other departments and universities in Italy have
refactored their databases to use ERW. Since its public release in February 2002
there have been more than 10000 accesses to the ERW home page.

2 In general, ER-based management systems should be based on a formal, abstract
semantics of schema instances and transactions so that different database models
(i.e., relational or object-oriented) and different DBMS can be used to implement
the abstract semantics.
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ERW is based on the abstract semantics described in this paper. In partic-
ular, before creating the actual database administration system it performs a
number of checks on the validity of the schema. One of the algorithms solves
the problem of double ownership, that is, the problem of identifying weak enti-
ties, and has been described in [2]. In this paper, we describe the techniques by
which we prevent administrators from creating databases that can lock the user
in unmodifiable configurations.

No published solution to these problems is known to the author. To be true,
only a small part of the work on conceptual modeling is formalised mathemat-
ically, and this makes it difficult, if not impossible, to develop algorithms and
prove their correctness. Moreover, the problem of reachability was born with
stateless web interactions: the usual notion of database transaction is stateful,
so reachability is not a problem in that case.

Note that general techniques for satisfiability problems in first-order (but
possibly more general than entity-relationship schemata) theories are useless
here, because we the problem we study is inherently of higher order—we want
to prove statements about the models of the theory.

First, we introduce briefly the semantics for schemata with binary relation-
ship types that we proposed in [2]; it extends the original one given by Chen [3],
but adds typing and inheritance (the original ER proposal did not include ex-
plicit subtyping information). Moreover, it introduces multirelations as the ab-
stract semantics of relationship types (with respect to the formulation given
in [2], we add a new notion, that of abstract entity types, motivated partly by
ontological reasons and partly by the need of representing complete disjunctive
types).

Once the semantics is set up, we introduce a notion of isomorphism of in-
stances that allows us to define precisely when two schema instances are equiv-
alent modulo the particular elements used in representing them, and of local
modification, which models stateless interaction with a web client.

At this point, we discuss two notions of reachability and characterise them
mathematically in a sound and complete way. From the characterisation it is im-
mediate to derive linear check algorithms. However, the characterisation is given
for schemata without ISA relationship types (i.e., without subtyping). Thus, we
conclude discussing some techniques that should be applied when subtyping is
present. We also discuss extensions to n-ary relationship types.

A Java implementation of the algorithms described in this paper and in [2]
is available as free software by the author at the URI above.

2 Schemata

We note first that we do not need to introduce attributes in our schema definition.
Since we have to discuss just cardinality issues, it is sufficient to be able to
speak of sets and elements (one can of course add an attribute map for every set
involved and easily discuss keys, attribute constraints and so on). Moreover, for
simplicity we present the algorithm for binary relationship types, and discuss at
the end of the paper the (easy) extension for types of arbitrary arity.

An EER schema (of binary relations) .7 is given by a set & of entity types,
a set Z of relationship types, a source function s : Z — & and a target function
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t: % — & (note that in order to give a formal semantics to an EER schema
without roles you need to consider relationship types as directed). An entity type
may be abstract. Moreover, each relationship type has a source and a target
cardinality constraint, which is a symbol out of (0:1), (1:1), (0:N), (1:N),
(0:M), (1:M). The ordered pair of cardinality constraint of a relationship type
is usually written as (-:-)—(-:-). Finally, a relationship type may be marked
optionally either ISA, in which case its constraint must be (1:1) —(0:1)3.

Whenever there is an ISA relationship type from E to F', FE is said to be a
direct subtype of F', and F' a direct supertype of E. A subtype of E is either F or
a direct subtype of a subtype of FE (analogously for supertypes).

Note that there are two new cardinality types: (0:M) and (1:M). The M
indicates that we are actually requiring a multirelation.

The notion of abstract entity type is a new extension with respect to the
definition presented in [2], and it is borrowed from object-oriented languages
(notably Java). The idea is that it should be used for types which are necessary
for a correct structuring of the type hierarchy, but that are “universals” (in
the ontological sense) and thus have no instance themselves—they can be just
instantiated through their subtypes. We shall see that this extension allows one
to implement some additional type constructs (at the price of a more complex
interaction between types and constraints).

3 Instances

To define a schema instance, one introduces multirelations in the spirit of bicat-
egory theory [8,9]:

Definition 1. A (binary) multirelation from set X to set'Y is a set M endowed
with two functions, the left leg My and the right leg My :

M
X Y
Two elements z € X and y € Y are related if there is an r € M such that
My(r) = x and M;(r) =y, a condition that we write in short with the notation
r(z,y). The reader should notice that it can happen that there are two elements
r,s € M such that r(z,y) and s(z,y). In this case, the elements x and y are
related “more than once”. If this never happens, then M is a standard relation

represented in tabular form (if you start from a relation as a subset of X x Y
the two legs are just the projections).

Definition 2. An instance o for a schema . is given by a map o assigning
to each entity type E in & a set o(E) and to each relationship type R in % a
multirelation o(R) satisfying the following properties:

3 For completeness, we should introduce the WEAK labelling for arcs that represent
identification functions, but this has no effect on the present discussion.
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1. The left leg of o(R) must end in o(s(E)), and the right leg in o(t(E)); in
other words, if R is a relationship type from entity type E to entity type F,
then o(R) must be a multirelation

that is, a multirelation with a left leg ending in o(E) and a right leg ending
in o(F).

2. A cardinality constraint of the form (1:-) requires that the corresponding
leg be a surjective function.

3. A cardinality constraint of the form (-:1) requires that the corresponding
leg be an injective function.

4. A cardinality constraint of the form (-:N) requires that the multirelation is
actually a relation (i.e., nothing is related twice).

5. Whenever a relationship type is marked ISA, the first leg is the identity and
the second leg is an inclusion map, so that that source entity set is a subset
of the target entity set.

6. Whenever entity types E and F have a common supertype and x € o(E) N
o(F), there is a common subtype G of E and F such that x € o(G)*.

7. If E is abstract, o(E) is exactly the union of o(F) when F ranges through
the proper subtypes of E.

The wording of cardinality constraints may seem a bit unorthodox: however,
it is easy to see that it is exactly equivalent to the standard participation inter-
pretation of constraints, and moreover extends immediately to n-ary relationship
types.

Condition (6) is important as it forces definite typing. Essentially, every entity
must have a type: if, for instance, man and woman are subtypes of person, it is
not possible that x belongs to o(man) and o(woman) (unless you add a common
subtype hermaphrodite of both man and woman).

An entity is now a pair (F, x) such that E is the type of z. Note that we did
not restrain entity sets to be disjoint, so an x whose type is £ and an x whose
type is F are actually distinct entities®.

Finally, condition (7) gives a precise semantics to abstract entity types: their
instances are all subtype instances. In particular, an abstract entity type without
subtypes cannot have instances.

Abstract types are useful as they allow one to model complete disjunctive
subtyping. Getting back to the example above, by making person abstract we
force every person to be either a man or a woman.

4 The last two conditions are an elementary phrasing of a stability condition on suit-
ably defined maps—see [2].

5 This feature parallels the common usage of numerical identifiers to represent set
elements in SQL databases—the identifiers are not necessarily distinct in different
tables.
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4 Local Modifications

To formalise reachability problems, we introduce local modifications, which par-
allel the action of a user interacting with a database by means of a web browser
(and thus, essentially, statelessly).

Definition 3. A local modification of an instance o of the schema . is one of
the following operations:

1. adding an entity e of type E, together with relationships involving e and
another entity;

2. adding a relationship;

3. deleting an entity e of type E and all relationships involving e;

4. deleting a relationship.

If 7 is derived by o by means of a local modification, we write 0 — 7. We write
o = 7 if there is a chain

O=vVyg —UV1 — Uy =T
of instances.

Note that the previous definition is targeted to the applications we have in
mind: stateless interaction with a server does not allow to access data stored
client-side until there is a commit (if we are interacting to create e we cannot
access e as if it was already on the server). This is the reason why the notion of
addition and of deletion of an entity are not symmetric.

5 Isomorphism of Instances

To discuss reachability problems, it is important to identify instances which differ
only for the set-theoretical identity of their elements, but for not their relational
structure, as shown in the example of Fig. 1.

Fig. 1. Isomorphic instances.
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Definition 4. We say that instances o and 7 of a schema ¥ are isomorphic
if we have for each entity type E € & and for each non-ISA relationship type
R € Z bijections 1g : 0(E) — 7(F) and vg : 0(R) — 7(R) such that

r(@,y) € o(R) <= tr(r)(ts(r) (¥), i) (v)) € T(R).

The definition above could be rephrased by saying that the entity and rela-
tionship sets must be in bijection, and the bijections must commute with the
multirelations (more precisely, with their legs)®. In particular, we notice that ev-
ery instance in which all entity and relationship sets contain at most one element
is unique up to isomorphism.

6 Full Reachability

We can now formalise our problem in its most general form:

Problem 1. Given a class of instances % of the schema ., is it true that for
every pair of instances 0,7 € ¥ we have, up to isomorphism, ¢ = 77

This question is important: if, for instance, there is no path out of the empty
instance, then it is impossible to populate the instance by means of local mod-
ifications, that is, using a web-based database administration system. As we
discussed in the introduction, if we have two entity types E and F, and two
relationship types R from F to F and S from F to E, and both R and S have
constraints (1:N)—(0:N), then no local modification is possible on the empty
instance (as adding an entity to E or F would violate a cardinality constraint).
However, in this case, it is easy to see that all nonempty instances are mutually
reachable.

The situation is very different if we instead assume (1:1)—(1:N) as con-
straint of R and S. In this case, all instances are mutually unreachable. This
happens because every instance contains a cycle of surjective functions, and a
trivial counting argument shows that all entity sets along such a cycle must have
the same cardinality (assuming, of course, the entity sets are finite). This forbids
any local modification. Clearly we want to avoid this case.

To give our results, we set up a few terms that will be useful: a schema is
said to be flat if it contains neither ISA relationship types nor abstract entity
types; an endorelationship of an entity e is a relationship of the form r(e,e).

Definition 5. Given a flat schema 7, the graph I'(.7) is defined as follows:
the set of nodes of I'(.#) is the set of entity types &, and there is an arc from E
to F' whenever there is a relationship type with constraint of the form (—: —) —
(1: =) from E to F or a relationship type with constraint of the form (1: —) —
(=:=) from F to E.

6 The notion of instance can be easily seen to be a special case of the notion of
pseudo-functor between bicategories [8, 10]; the notion of isomorphism above is just
an elementary restatement of the definition of functor isomorphism.
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The graph I'(.#) embodies the mandatoriness constraints in a form that
makes it easy to check whether they are contradictory:

Theorem 1. Let .7 be a flat schema. Then all instances of . are mutually
reachable if and only if I'() is acyclic (i.e., it contains no cycles).

Proof. We start by proving the right-to-left implication. It is sufficient to show
that from an instance ¢ we can reach the empty instance by means of reversible
local modifications. To do so, it is sufficient to show that we can always reversibly
delete an entity from any given instance.

The only local modification that is not reversible in general is deletion of an
entity e that has endorelationships. However, since by hypothesis the type of
those endorelationships cannot be mandatory (or there would be a loop), we can
obtain the same result by first deleting all endorelationships, and then finally
deleting e (the last step is reversible, as all relationships at this point involve
some other entity).

Consider now a nonempty instance o, and an entity e of type F of . Then,
either e can be deleted without breaking any cardinality constraint, or there must
be a relationship type, say from E to F' # E with constraint (—: —) — (1: —)
satisfied by e (the dual case of a relationship type from F to E with constraint
(1: =) — (—:—) can be treated analogously). Thus, there must be an arc of
I'(#) from E to F, and an entity f of type F which is in relation with e. We
can iterate this procedure on f, but since I'(.¥) contains no cycle after a finite
number of steps we must get to an entity that can be deleted.

For the other implication, consider a cycle in I'(.%), to which we can associate
a sequence Ey, Ry, By, Ry, ..., R,, Ey of mandatory relationship types’. If
n > 0, given an instance o such that o(E;) = @ for all 4, there is no local
modification that can change this condition, as adding an entity of any of the
o(E;)’s would imply adding at the same time other n entities, which is not
allowed by the definition of local modification. If n = 0, adding an entity would
imply adding at the same time an endorelationship or other entities, which again
is not allowed by the definition of local modification.

7 Almost Full Reachability

There are situations in which the previous check is too strict (for instance, if
we start from a pre-populated database, which is never meant to be empty). A
reasonable relaxing of full reachability is requiring that all instances in which all
entity sets are nonempty are mutually reachable. We give a formal definition of
this fact:

Definition 6. A schema instance o is everywhere nonempty if for every E € &
we have o(E) # @, that is, if all its entity sets are nonempty.

™ To simplify the proof, we assume without loss of generality that all mandatory types
involved are “in the right direction”.
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In this case, we have to look for injective mandatory relations. A relationship
that is injective and mandatory, that is, such that every entity is in relation with
some other entity and such that two entities are never related to the same entity,
imposes a cardinality bound on the size of the source and target entity set (the
first one must be smaller than or equal to the second one). If we get a cycle of such
constraints, we may be in trouble (the fact that cycles of injective relations can
be substituted with cycles of bijections without changing the allowable instances
was already noticed in [4]).

Again, we build a graph that embodies the combinatorial bounds imposed
by cardinality constraints:

Definition 7. Given a flat schema 7, we define the graph A(.7) as follows: the
set of nodes of A(Z) is the set of entity types &, and there is an arc from E to F
whenever there is a relationship type with constraint of the form (—: 1) — (1: —)
from E to F or a relationship type with constraint of the form (1:—) — (—: 1)
from F to E.

Theorem 2. Let . be a flat schema. Then all everywhere nonempty instances
of & are mutually reachable if and only if A(S) contains no cycles.

Proof. Analogously to the proof of Theorem 1, for the right-to-left implication
we show that from an instance o we can reach a fixed instance (up to iso-
morphism) having exactly one entity per entity type and one relationship per
relationship type. Such an instance certainly satisfies all cardinality constraints
(as all multirelations are bijections).

We notice again that all entity deletions performed in the proof will be re-
versible. Indeed, if we have to delete e € o(E), with |o(E)| > 1, and e is involved
in endorelationships, we can certainly either delete them (because their type is
not mandatory), or modify them so to relate to some other element of the same
type of e (because they are not injective); otherwise, the types of those relation-
ships would generate a loop in A(.%).

Consider now an everywhere nonempty instance o, an entity set o(F) with
more than one element and an entity e of type E. If e can be deleted without
breaking any cardinality constraint, we are done. If e cannot be deleted, this must
happen because it is the only entity associated to one or more other entities fo,
fi, ..., fn of type Fy, Fi, ..., F, and there are mandatory relationship types
Ry, Ry, ..., R, from each of Fy, Fi, ..., F, to E, satisfied by association with
e.

However, if these relationship types are not injective (i.e., if their cardinality
constraints are not of the form (— : —) — (— : 1), then we can first make a finite
number of modifications associating fo, f1, ..., fn to a different element of F,
and then delete e. Otherwise, we take an element f; of type F;, where R; has a
constraint of the form (1 : —) — (— : 1), and iterate the above operations (note
that o(F;) must contain more than one element, or we could delete e without
breaking any constraint of R;). In doing so, we have followed an arc of A(.),
so we can iterate a finite number of times. At the last step, we obtain an entity
that can be deleted.
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For the other implication, consider a cycle in A(#), to which we can associate
a sequence Fy, Ry, F1, Ry, ..., Ry, Ey of mandatory injective relationship types.
If n > 0, given an instance o such that |o(F;)] = k > 0 for all ¢, there is no
local modification that can change this condition, as adding an entity to any of
the o(F;)’s would imply either adding a relationship from e to itself (if n = 0)
or otherwise adding at the same time other n > 0 entities. Indeed, e must be
associated in Ry to some other entity, but we cannot use any other previously
existing entities, or we would violate injectivity (since all o(E;)’s have the same
cardinalities, the o(R;)’s are all bijections).

8 Arbitrary Arity

In general, one would like to handle relationship types of arbitrary arity. To
this purpose we slightly (but naturally) extend the definition of schema and
instances.

Definition 8. A (n-ary) multirelation between the sets Xo, X1, ..., Xp—1 18 a
set M endowed with n functions, the legs, My, My, ..., My_1

0 X1 n—2 Xn—l

We can now easily extend the definition of schema by allowing n-ary rela-
tionship types in the obvious way, and by giving their semantics using n-ary
multirelations.

Definition 9. An n-ary schema is given by a set of entity types & and a set of
relationship types %. Each type R € Z is endowed with a list Fy, F1, ..., Fnp_1
of n > 2 component types and a list of n cardinality constraints. In this case,
we say that R is n-ary, or of arity n.

Extending corresponding the definition of instances is now trivial. Note that
the definition of cardinality constraints remains valid also in this case.

To extend our results to n-ary schemata, all we need to do is to rephrase
correctly the construction of the graphs I'(.¥) and A(.¥). At that point it is not
difficult to show that Theorem 1 and Theorem 6 remain true.

Theorem 3. Given an n-ary schema ., we define the graph I'() as follows:
the set of nodes of A(%) is the set of entity types &, and there is an arc from F
to G whenever there is a relationship type R with component types Ey, Fr, ...,
E,_1, indices i # j such that E; = F, E; = G, and the j-th constraint is of
the form (1:-). Then, all instances of . are mutually reachable if and only if
I'(.7) is acyclic.
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The construction above puts an arc in A(.¥) from F to G whenever F and G
are connected by a relationship type in such a way that to each entity of type G
we must associate an entity of type F'. In particular, this means that you cannot
have a ternary relationship type that is mandatory on two component types (as
you would create a cycle of length two).

Note also the careful wording of the definition: an apparently similar defini-
tion claiming that we should insert an arc whenever there is a relationship type
R whose component type include F' and G, where the constraint of G is the form
(1:-), would erroneously include the case that F' is equal to G and in the same
position in the component list. This of course is wrong, as we would add an an
arc from E to F for a relationship type with list of component types E, F' which
is mandatory in F (the only correct one would be from F to E). The position
of a type in the component list act as a role; roles are usually specified using
identifiers, but from a mathematical viewpoint it is much more manageable to
use the position in the component list (this is also the approach taken in [4]).

Analogously, we can give a suitable redefinition of A(.%):

Theorem 4. Given an n-ary schema ., we define the graph A() as follows:
the set of nodes of A(%) is the set of entity types &, and there is an arc from F
to G whenever there is a relationship type R with component types Ey, Fn, ...,
E,_1, indices i # j such that E; = F, E; = G, the i-th constraint is of the
form (-:1), and the j-th constraint is of the form (1:-). Then, all everywhere
nonempty instances of # are mutually reachable if and only if A(7) is acyclic.

In this case, we put from F to G whenever F' and G are connected by a
relationship type in such a way that to each entity of type G we must associate
a distinct entity of type F.

9 Considerations on Subtypes

In the previous sections valid and complete checks for full and almost full reach-
ability were provided. Turning these checks into algorithms is of course trivial,
as cycle detection is linear. However, the theorem were given for schemata with-
out subtyping. When subtyping is taken into consideration, the combinatorics
of the problem becomes much more entangled, as we will try to explain using
a few examples, and obtaining sound and complete results becomes much more
difficult.

First of all, there is no canonical everywhere nonempty instance. The heart
of the proof of Theorem 6 is that we have a unique (up to isomorphism) simple
instance to work with. If subtypes are present, this is no longer true.

Consider the schema shown in Fig. 2. If there are k entities in D, there must
be at least k entities in both A and B. But this means that there must be at
least 2k entities in C' (because of definite typing) and thus at least 2k elements
in D (because of T'). This set of constraints reduces to k& < 0, and thus it is
satisfied by the empty instance only.
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Fig. 2. A diagram without nonempty instances.

If we eliminate 7', things get better, but it is easy to see that there is no
everywhere nonempty canonical instance, as if we put one entity in B and C we
are forced to put two in A; more complex type hierarchies may create extremely
entangled combinatorial constraints.

One could think that at least the left-to-right implications of Theorems 1
and 6 should continue to hold (of course, all ISA relationship types will end up
in both I'(.) and A(.¥)). However, there are certainly situations in which this
is not true. Consider the diagram in Fig. 3, where dashed entities are abstract.
It would pass all of our checks. Nonetheless, an instance in which every type has
exactly one element (i.e., 0(4) = 0(B) = o(C) = {z}, o(E) = o(F) = o(G) =
{y}, o(T) ={t(y,z) } and o(S) = { s(x,y) }) has no legal modification.

The point is that relationship types are inherited. Since C' is a subtype of A,
also elements of type C' may participate to a relationship of type T'. Moreover,
since A is abstract, each entity of type A must also be of type C. All in all, we
get a cycle analogous to the ones used in the proof of Theorem 6.

Abstractness here plays a fundamental role: should not A be abstract, we
could add an entity z to A, change the relationship t(y, z) to t(y, z), delete x
and its adjacent relationship s(z, y), delete y and its adjacent relationship ¢(y, z),
and finally z, getting to the empty instance.

Indeed, cycles of this kind can be built only using forced subtypes (E is a
forced subtype of F if every entity of type F is also of type F). For a graph-

B (1:N) < (0:1LE_ - _E_ - _i
> c G < “““
______ |
I
:__é___' (0:1) T (1:N) F

Fig. 3. An apparently innocuous diagram fragment.
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theoretical viewpoint, an entity type E is a forced subtype of F' if and only
if E is the only minimal (i.e., without proper subtypes) subtype of F and all
sequences of ISA relationship types going from E to F' traverse abstract entity
types only (including F', but except possibly for F).

Forced subtyping is important for reachability because cycles of mandatory
(and possibly injective) inherited relationships can usually be broken by inserting
suitable entities, as we pointed out in our last example, but this does not happen
if inheritance (on the non-mandatory side of the relationship type) is by forced
subtypes.

Nonetheless, forced subtyping is a pathological condition that should not
appear in a schema as much as abstract entity types without subtypes. Both
pathologies can be filtered before performing the acyclicity check; under the
hypothesis that no forced subtype exists, one can prove the following one-sided
theorem, using the same techniques of Theorem 1 and 6:

Theorem 5. If all instances of a schema .7 without forced subtypes are mutu-
ally reachable, then I'(.#) is acyclic. If all everywhere nonempty instances are
mutually reachable, then A(.7) is acyclic.

10 Conclusions

We have presented the first sound and complete algorithms to check instance
reachability in entity-relationship schemata. Since the algorithms are acyclicity
tests on a graph whose size in linearly bounded by the schema size, they are
linear by definition.

It would be interesting to extend these results to schemata with ISA arcs
and a type system as described in Definition 2, or, at least, for type constructors
with disjunctive types (albeit the former definition is more general). It would be
more cautious, however, to start first with an extension in this direction of the
results given in [5], as the problem seems to be already tough enough in that
case.
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Abstract. The ontological analysis of conceptual modelling techniques is of in-
creasing popularity. Related research did not only explore the ontological defi-
ciencies of classical techniques such as ER or UML, but also business process
modelling techniques such as ARIS or even Web services standards such as
BPEL4WS. While the selected ontologies are reasonably mature, it is the actual
process of an ontological analysis that still lacks rigor. The current procedure
leaves significant room for individual interpretations and is one reason for criti-
cism of the entire ontological analysis. This paper proposes a procedural model
for the ontological analysis based on the use of meta models, the involvement
of more than one coder and metrics. This model is explained with examples
from various ontological analyses.

1 Popularity of Ontological Analyses

As techniques for conceptual modelling, enterprise modelling, and business process
modelling have proliferated over the years (e.g., [12]), researchers and practitioners
alike have attempted to determine objective bases on which to compare, evaluate, and
determine when to use these different techniques (e.g., [4, 11]). Throughout the 80's,
90's, and into the new millennium however, it has become increasingly apparent to
many researchers that without a theoretical foundation on which to base the specifica-
tion for these various modelling techniques, incomplete evaluative frameworks of
factors, features, and facets would continue to proliferate. Furthermore, without a
theoretical foundation, one framework of factors, features, or facets is as justifiable as
another for use (e.g., [2]).

Wand and Weber [19-23] have investigated the branch of philosophy known as on-
tology as a foundation for understanding the process in developing an information
system. Ontology is a well-established theoretical domain within philosophy dealing
with identifying and understanding elements of the real world. Today however, inter-
est in, and the applicability of, ontologies extends to areas far beyond modelling. As
Gruninger and Lee [9, p.13] point out, “...a Web search engine will return over
64,000 pages given “ontology” as a keyword...the first few pages are phrases such as
“enabling virtual business”, “gene ontology consortium, and “enterprise ontology”.”
The usefulness of ontology as a theoretical foundation for knowledge representation
and natural language processing is a fervently debated topic at the present time in the
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artificial intelligence research community [10]. The popularity of using ontologies as
a basis for the analysis of techniques that purport to assist analysts to develop models
that emulate portions of the real world has been growing steadily. The Bunge-Wand-
Weber (BWW) ontological models [24], for example, have been applied extensively
in the context of the analysis of various modelling techniques. Wand and Weber [19-
23] and Weber [24] have applied the BWW representation model to the “classical” de-
scriptions of entity-relationship (ER) modelling and logical data flow diagramming
(LDFD). Weber and Zhang [25] also examined the Nijssen Information Analysis Method
(NIAM) using the ontology. Green [5] extended the work of Weber and Zhang [25] and
Wand and Weber [22-23] by analysing various modelling techniques as they have been
extended and implemented in upper CASE tools. Furthermore, Parsons and Wand [15]
proposed an initial model of objects and they use the ontological models to identify rep-
resentation-oriented characteristics of objects. Along similar lines, Opdahl and Hender-
son-Sellers [13] have used the BWW representation model to examine the individual
modelling constructs within the OPEN Modelling Language (OML) version 1.1 based
on “conventional” object-oriented constructs. Green and Rosemann [6] have extended
the analytical work into the area of integrated process modelling based on the tech-
niques presented in Scheer [17]. Most recently, Green et al. [8] have extended the use
of this evaluative base into the area of enterprise systems interoperability using busi-
ness process modelling languages like eb XML, BPML, BPEL4WS, and WSCI.

Clearly, ontology is a fruitful theoretical basis on which to perform such analyses.
However, while ontological analyses are frequently utilised, particularly in the area of
conceptual modelling technique analysis, the actual process of performing the analy-
sis remains problematic. The current process of ontological analysis is open to the
individual interpretations of the researchers who undertake the analysis. Conse-
quently, such analyses are criticised as being subjective, ad hoc, and lacking in rele-
vance. There is a need, therefore, for the systematic identification of shortcomings of
the current ontological analysis process. The identification of such weaknesses, and
their subsequent mitigation, will lead to a more rigorous, objective, and replicable
analytical process.

Accordingly, this paper has several objectives. First, we aim to identify compre-
hensively the shortcomings in the current practice of ontological analysis. The identi-
fication of such shortcomings will provide a basis upon which the practice of onto-
logical analysis can be improved. Second, we want to develop several propositions
and methodology extensions that enhance the ontological analysis process by making
it more objective and structured.

There are several contributions that this paper aims to make. They are based on
previous experiences with ontological analyses as well as observations derived from
published analyses. First, the work presents a detailed analysis of the actual process of
performing an ontological evaluation. The presented work identifies eight shortcom-
ings of the current ontological analysis process, viz., lack of understandability, lack of
comparability, lack of completeness, lack of guidance, lack of objectivity, lack of
adequate result representation, lack of result classification, lack of relevance. Each of
the identified shortcomings is classified then as belonging to one of three phases of
analysis, viz., input, process, and output. Second, the paper presents recommendations
on how each of the shortcomings in the three phases can be overcome. The recom-
mendations, inter alia, include an extended methodology for the improvement of the
objectivity of the analysis as well as a weighting model that aims to improve the clas-
sification of the results of any ontological analysis.



112 Michael Rosemann, Peter Green, and Marta Indulska

The remainder of this paper is structured as follows. The next section identifies
eight current shortcomings of ontological analyses that are classified with respect to
the three phases of analysis, viz., input, process and output. The third section provides
recommendations concerning how to overcome the identified shortcomings in each of
the three phases. The final section provides a brief summary of this work and outlines
future research in this area.

2 Shortcomings of Current Ontological Analyses

An ontological analysis is in principle the evaluation of a selected modelling grammar
from the viewpoint of a pre-defined and well-established ontology. The current focus
of ontological analyses is on the bi-directional comparison of ontological constructs
with the elements of the modelling grammar that is under analysis. Weber [24] clari-
fies two major situations that may occur when a grammar is analysed according to an
ontology. After a particular grammar has been analysed, predictions on the modelling
strengths and weaknesses of the grammar can be made according to whether some or
any of the following situations arise out of the analysis.

1. Ontological Incompleteness (or Construct Deficit) exists unless there is at least
one grammatical construct for each ontological construct.
2. Ontological Clarity is determined by the extent to which the grammar does not
exhibit one or more of the following deficiencies:
e Construct Overload exists in a grammar if one grammatical construct represents
more than one ontological construct.
e Construct Redundancy exists if more than one grammatical construct represents
the same ontological construct.
e Construct Excess exists in a grammar when a grammatical construct is present
that does not map to any ontological construct.

Though this type of ontological analyses is widely established, it still has a range
of shortcomings. These shortcomings can be categorised into the three main phases of
an ontological analysis, i.e. preparation of the input data, the process of conducting
the analysis, and the evaluation and interpretation of the results.

The first two identified shortcomings refer to the quality of the input data.

2.1 Lack of Understandability

Most of the ontologies that are currently used for analysis of modelling grammars
have been specified in formal languages. While such a formalisation is beneficial for
a complete and precise specification of the ontologys, it is not naturally a very intuitive
specification. An ontology that is not clear and intuitive can lead to misinterpretations
as the involved stakeholders have problems with the specifications. Furthermore, it
forms a hurdle for the application of the ontology as it requires a deep understanding
of the formal language in which it is specified.

2.2 Lack of Comparability

The specification of an ontology requires typically a formal syntax, which allows the
precise specification of the elements and relationships of the ontology. Such specifi-



A Reference Methodology for Conducting Ontological Analyses 113

cations are required, but not necessarily intuitive. Consequently, textual descriptions
of the ontology in ‘plain English’ often extend the formal specification.

However, even if an ontology is specified in an intuitive and understandable lan-
guage, the actual comparison with the selected modelling grammar remains a prob-
lem. Unless the ontology and the grammar are specified in the same language, it will
be up to the coder to ‘mentally convert’ the two specifications into each other, which
adds a subjective element to the analysis. Different languages can also lead to differ-
ent levels of detail and further complicate the analysis. In any case, they make a more
automated comparison practically impossible. This is the typical situation in nearly all
previous analyses.

The further three shortcomings identified below are related to the process of the
ontological analysis and refer to what should be analysed, how it should be analysed
as well as who should conduct the analysis.

2.3 Lack of Completeness

The first decision that has to be made in the process of an ontological analysis is on
the scope and depth of the analysis. Even if most ontologies have been discussed for
many decades they still undergo modifications and extensions. It is up to the re-
searcher to clearly specify the selected version of the ontology and the scope and level
of detail of the analysis. In our work in the area of Web Services, for example, it was
often not clear what constructs form the core of the standard. Two researchers who
conducted independent analyses of the same Web Services standard, selected conse-
quently a different number of constructs.

Moreover, many ontological analyses solely focus on the constructs of the ontol-
ogy and the constructs of the grammar but do not sufficiently consider the relation-
ships between these constructs. The difficulty in clearly specifying the boundaries of
the analysis as well as the limited consideration of relationships between the ontologi-
cal constructs lead to a lack of completeness.

2.4 Lack of Guidance

After the scope and the level of detail of the analysis have been specified, it is typi-
cally up to the coder to decide on the procedure of the analysis, i.e. in what sequence
will the ontological constructs and relationships be analysed? Currently, there are
hardly any recommendations on where to start the analysis. This lack of procedural
clarity underlies most analyses and has two consequences. First, a novice analyst
lacks guidance in the process of conducting the ontological evaluation. Second, the
procedure of the analysis can potentially have an impact on the results of the analysis.
Thus, it is possible that two analyses that follow a different process may lead to dif-
ferent outcomes.

2.5 Lack of Objectivity

An ontological analysis of a grammar requires not only detailed knowledge of the
selected ontology and grammar but also a good understanding of the languages in
which the ontology and the grammar are specified. This requirement explains why
most analyses are carried out by single researchers as opposed to research teams.
Consequently, these analyses are based on the individual interpretations of the in-
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volved researcher, which adds significant subjectivity to the results. This problem is
further compounded by the fact that, unlike other qualitative research projects, onto-
logical analyses typically do not include attempts to further validate the results.

The five shortcomings identified above have a common flavour in that they heavily
depend on the researcher conducting the ontological evaluation. Three further short-
comings have been identified, viz., lack of result representation, lack of result classifi-
cation and lack of relevance. These shortcomings are detailed below and refer to the
outcomes of the analysis.

2.6 Lack of Adequate Result Representation

The results of a complete ontological analysis, i.e. representation mapping and inter-
pretation mapping, are typically summarised in two tables. These tables list all onto-
logical constructs (first table) and all grammatical constructs (second table) and the
corresponding constructs of the other meta model. Such tables can become quite
lengthy and are typically not sorted in any particular order. They don’t provide any
insights into the importance of identified deficiencies and they also don’t cluster the
findings.

2.7 Lack of Result Classification

As indicated above, it is common practice to derive ontological deficiencies based on
a comparison of the constructs in the ontology and the grammar. Ontological weak-
nesses are identified when corresponding constructs are missing in the obtained map-
ping between the ontology and the grammar or 1-many (or many-1 or even many-
many) relationships exist. Such identified deficiencies are the typical starting point for
the derivation of propositions and then hypotheses. In general, the ontological analy-
sis does not make any statements regarding the relative importance of these findings
in comparison with each other. Though this seems to be the established practice, it
lacks more detailed insights into the significance of the results. It is expected, how-
ever, that the missing support for a core construct of an ontology can be rated higher
than a missing corresponding construct for a minor ontological construct or a relation-
ship. This lack of a more detailed statement regarding the significance of a potential
shortcoming makes it difficult to judge quickly the outcomes of the results of two
different sets of analyses, e.g. an ontological analysis of ARIS in comparison with an
ontological analysis of UML.

2.8 Lack of Relevance

Finally, the results of an ontological analysis should be perceived as relevant by the
related stakeholders. However, if an ontological analysis leads, for example, to the
outcome that Entity Relationship Models do not support the description of behaviour,
then it is not surprising that the IS community develops a rather critical opinion. It
seems that an ontological analysis has to consider the purpose of the grammar as well
as the background of the modeller who is applying this grammar. The application of a
high-level and generic ontology does not consider this individual context and there is
a danger that the outcomes can be perceived as trivial.
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3 Reference Methodology for Conducting Ontological Analyses

The above identified shortcomings motivated the development of an enhanced meth-
odology for ontological analyses. The main purpose of this methodology is to increase
the rigour, the overall objectivity and the level of detail of the analysis. The proposed
methodology for ontological analyses is structured in three phases, viz., input, process
and output.

3.1 Input

The formal specification of ontologies, together with the differences in the languages
used to specify the ontologies and the grammars under analysis, have been classified
as issues pertaining to the lack of understandability and comparability.

In order to overcome these shortcomings, it is proposed to convert the ontology as
well as the selected modelling grammar to meta models using the same language (e.g.
ER Models or UML Class Diagram). This facilitates a pattern-matching approach
towards the ontological analyses of completeness and clarity of a grammar. As a first
step we converted, for example, the Bunge-Wand-Weber ontology into an ER-based
meta model. This meta model includes 50 entity types and 92 relationship types. It
has clusters such as system, property or class/kind. Such a meta model explains, in a
language familiar to the Information Systems (IS) community, the core constructs of
the ontology. It also highlights the underlying focus of the ontology. In the case of the
BWW model, for example, it is obvious from the visual inspection of the meta model
that the ontology is centred around the existence of a thing, which is the central entity
type in the meta model.

The obtained meta model can now be used for a variety of ontological analyses.
Moreover, it allows a critical review of the BWW model by a wider community. The
approach, however, is not without its limitations. Commonly used modelling tech-
niques such as ER or UML are often widely accepted, however, they have not been
designed for the purposes of meta modelling. Thus, they lack occasionally the re-
quired expressiveness. Fig. 1 provides an impression of the size and complexity of the
meta model for the BWW ontology.

While an ER-based meta model helps to overcome issues related to the under-
standability of an ontology, a corresponding meta model of the analysed grammar is
required to deal with the lack of comparability issue. Many popular modelling tech-
niques (e.g. ARIS or UML, and also interoperability standards such as ebXML) are
already specified in meta models using ER-notations or UML Class Diagrams. If the
meta models for the ontology and the modelling technique are specified in the same
language, the ontological analyses turns into a comparison of two conceptual models.
As part of the analyses, it will be required to identify corresponding entity types and
relationship types in both models. It also becomes immediately obvious, if the para-
digm of the analysed grammar differs from the ontology. In the case of ARIS or many
web services standards, for example, the meta models are centred around functions or
activities instead of being centred around things.

3.2 Process

Issues related to the process of conducting an ontological analysis have been de-
scribed as lack of completeness, lack of guidance and lack of objectivity.
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Fig. 1. The BWW meta model

Based on the assumption that corresponding meta models for the ontology and the
analysed grammar are available, it is possible to clearly specify the scope of an analy-
sis using those meta models. Such a selection of clusters, entity types and relationship
types would define all elements that are to be perceived of relevance for a complete
analysis. An analysis of an ER-based notation, for example, could be focused on the
BWW clusters thing, system and property and could exclude the more behavioural-
oriented clusters event and state. Such boundaries of an analysis could be easily visu-
alised in the meta model and would provide a clear description of the comprehensive-
ness of the analysis.

The existence of two corresponding meta models and a clear definition of the
scope of the analysis is a necessary but not a sufficient criteria for a well-guided proc-
ess. Further guidelines are required regarding the starting point of such a process and
the actual sequence of activities. Based on our experiences, we recommend starting
with the representation mapping, i.e. selecting the meta model of the ontology and
subsequently identifying the corresponding elements in the modelling grammar. The
first construct to be analysed should be the most central entity type, i.e. in the case of
the BWW models the entity type thing. Our previous work provides a strong argu-
ment that this analysis if followed by a cluster-by-cluster approach. Starting with the
core constructs in a cluster, this allows a more structured and focused analysis of the
completeness of a modelling grammar. The analysis of the entity types is followed by
the relationships and the cardinalities. Constructs in the meta model that only have
been introduced for the correctness of the meta model, but that do not reflect onto-
logical constructs are excluded from the analysis. The representation mapping is fol-
lowed by an analysis of the clarity, i.e. the interpretation mapping. In this case the
meta model of the grammar under analysis is the starting point. The general procedure
is similar. A main advantage of a cluster-based analysis is that the structure of the two
meta models provides valuable input for the ontological analysis. An example is the
analysis of generalisation-specialisation relationships in the meta model of the gram-
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mar. We propose to ontologically classify the super-type first and then to inherit this
ontological classification to all sub-types. This streamlines the process of the analyses
and increases the consistency.

The lack of objectivity issue, on the other hand, frequently stems from the analysis
being performed by a single researcher. The situation results in an analysis that is
almost certainly biased by the researcher’s background as well as their interpretation
of the specification of the grammar. In order to improve the validity of the analysis, a
research methodology can be adopted that undertakes individual analyses of a particu-
lar grammar by at least two members of a research team, followed by consensus as to
the final analysis by the entire team of researchers. The methodology consists of three
steps:

Step 1: Using the specification of the grammar in question, at least two researchers
separately read the specification and interpret, select and map the ontological
constructs to candidate grammatical constructs to create individual first drafts of
the analysis.

Step 2: The researchers involved in Step 1 of the methodology, meet to discuss and
defend their interpretations of the representation modelling analysis. This meet-
ing leads to an agreed second draft version of the analysis that incorporates ele-
ments of each of the researchers’ first draft analyses. The overlap in the selection
of the constructs and in the actual ontological analysis can be quantified by vari-
ous figures that are used in content analysis and other more qualitative research.

Step 3: The second draft version of the analysis for each of the interoperability can-
didate standards is used as a basis for defence and discussion in a meeting in-
volving the entire research team. The outcome of this meeting forms the final
analysis of the grammar in question.

Such a methodology was employed in a project that sought to apply the BWW rep-
resentation model analysis to a number of the leading potential Web Service stan-
dards, viz., ebXML, BPML, BPEL4AWS and WSCI. The project team was composed
of four researchers and the standards were analysed in the order: ebXML > BPML
- BPEL4WS - WSCI. Two researchers were involved in steps 1 and 2 of the meth-
odology, i.e. the individual analysis of a standard followed by a meeting of the two
researchers in order to obtain an agreed mapping. This was followed by a meeting of
the entire team in order to discuss the mapping and arrive at the final analysis. The
process was performed for each of the four standards.

Table 1 shows the recorded agreement statistics at the second step of the applied
methodology while Table 2 shows the recorded agreement statistics at the third step
of the methodology.

Table 1. Summary of Step 2 mapping agreement between both researchers

Web Service Construct Mapping Total number of Mapping
Language agreed upon by both specification conference
researchers constructs identified
ebXML 43 51 84%
BPML 36 46 78%
BPEL4WS 30 47 63%
WSCI 39 49 79%
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Table 2. Summary of Step 3 mapping agreement

Web Service Construct Mapping Total number of Mapping conference
Language agreed upon by the specification
team constructs identified
ebXML 49 51 96%
BPML 41 46 89%
BPEL4WS 42 47 89%
WSCI 46 49 94%

The adoption of such a methodology is seen to have greatly improved the objec-
tiveness of the carried out analyses.

3.3 Output

The three main shortcomings related to the outcome of an ontological analysis have
been characterised as the lack of adequate result representation, lack of result classifi-
cation and the lack of relevance.

The meta models, which have been used as input for the ontological analyses, are
an appropriate medium to visualise the outcomes of the entire analysis process. In our
work on the analysis of ARIS, we derived a meta model of the BWW model that
highlighted all constructs of the ontology that do not have a corresponding construct
in the grammar under analysis, i.e. we visualised incompleteness in the model using
simple colour coding. In a similar way, we derived three ARIS meta models that high-
lighted excess, overload and redundancy in ARIS. Such models form a very intuitive
way of representing the identified ontological shortcomings. The underlying cluster-
ing of the models also helps to quickly comprehend the main areas of shortcomings.

At present time, the process of an ontological analysis results in the identification
of ontological incompleteness and ontological clarity through the identification of
missing, overloaded or redundant grammatical constructs. While the end result identi-
fies such problems, it fails to account for their relative importance. For example, thing
is one of the fundamental constructs of the BWW model. The lack of mapping for the
construct should, therefore, be considered more important than the lack of mapping
for the well-defined event construct for example. There is a need for the development
of a scoring model that enables the calculation of the ‘goodness’ of a grammar with
respect to the ontology. In such a scoring model, each of the ontological constructs
has a value assigned to it that reflects the relative importance of the construct in the
ontology. Core constructs would therefore have high weightings whereas less impor-
tant constructs would attract lower values of weightings. Following an ontological
analysis of a particular grammar, the weighting of all missing constructs would be
calculated to arrive at one value that generally reflects the outcome of the analysis.

An example for such a classification could have the following structure. All core
constructs of an ontology (and the modelling grammar) would get the value 1. All
other constructs represented as an entity type in the meta model of the ontology would
receive the value 0.7, and all other constructs get the value 0.3. Such a weighting
would then be applied to the outcomes of the ontological analysis. The scores would
be aggregated across the ontology and modelling grammar. They also would be calcu-
lated separately for completeness, excess, overload and redundancy. Furthermore,
they could be aggregated per cluster, which allows a more differentiated view on the
particular strengths of a modelling grammar. Though the consolidated score of such
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an evaluation should not be overrated, it provides better insights into the characteris-
tics of the ontological deficiencies and provides a first rating of the significance and
importance of the identified shortcomings.

Apart from the lack of result classification that is addressed by the scoring model,
another problem with the outcome of the analyses has been the perceived lack of
relevance. Since most modelling grammars focus on modelling a sub-set of the phe-
nomena that occurs in the real world, it would follow that not all constructs of an
ontology are necessary in order to analyse such a grammar. If the full ontology is used
in the analysis, the result may identify potential problems that would not, in reality,
occur, because the modelling grammar is not used to model any phenomena described
by the missing constructs. Further, there may also be a need for specialisation of some
of the ontological constructs in order to enhance analysis of a grammar pertaining to a
particular domain. The concept of a focussed ontology is shown in Fig. 2.

Indeed, the outcomes of the ontological analyses of different modelling grammars
to date appear to support the need for a focused ontology, which consists of different
subsets of the ontological constructs for different domains. The analyses of the exam-
ined grammars consistently show that the constructs conceivable state space, con-
ceivable event space and lawful event space, for example, have no representative
constructs in the grammars. Such missing constructs, if identified to be unnecessary
for the particular domain, can be ignored leading to a simpler analysis that does not
consider phenomena that are deemed to be outside of the scope of the domain.

Chosen Ontology Focused Ontology Modelling Grammar

Elimination and Focused
Specialisation Ontological Analysis

Fig. 2. An extension of ontological analysis through the use of focused ontologies

4 Summary and Future Work

There has been a marked increase in the popularity of the application of ontologies for
the purposes of modelling grammar analysis. For example, a literature review identi-
fied more than 25 papers that applied the Bunge-Wand-Weber ontology for the analy-
sis of modelling grammars such as ER (e.g., [19, 22-23], OMT, UML (e.g., [3, 14,
18], Petri-Nets, ARIS (e.g., [6-7, 16] or Web Services standards such as ebXML,
BPEL4WS, BPML or WSCI (e.g., [1, 26, 8]. In general, selected ontologies and their
interpretations, from an Information Systems viewpoint, are reasonably advanced.
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However, the actual process of conducting an ontological analysis is still rather pre-
mature. At this stage, the process is focused on the identification of the cardinality of
the relationships between corresponding elements in the ontology and the modelling
grammar under analysis.

In total, eight shortcomings of the current process of ontological analysis have
been identified and categorised into issues related to the input, process and output of
the analysis.

This paper proposed to further enhance the current process of ontological analyses.
The objectives of such a methodology are

— to provide guidance for researchers who are interested in conducting ontological
analyses,

— to add rigour to the entire process and reduce the dependence on the subjective
interpretations of the involved researcher, and

— to overall increase the credibility of the ontological analysis.

Examples from our ontological analyses of ARIS and various Web Services stan-
dards have been used to exemplify this methodology. As a consequence, we hope that
the presented more rigorous process will increase the overall acceptance of using
ontologies for the analysis, comparison and engineering of various grammars.
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Abstract. In the past, most conceptual schemas of information systems have
been developed essentially from scratch. Currently, however, several research
projects are considering an emerging approach that tries to reuse as much as
possible the knowledge included in existing ontologies. Using this approach,
conceptual schemas would be developed as refinements of (more general) on-
tologies. However, when the refined ontology is large, a new problem that
arises using this approach is the need of pruning the concepts in that ontology
that are superfluous in the final conceptual schema. This paper proposes a new
method for pruning ontologies in this approach. We show the advantages of our
method with respect to similar pruning methods developed in other contexts.
Our method is general and it can be adapted to most conceptual modeling lan-
guages. We give the complete details of its adaptation to the UML. On the other
hand, the method is fully automatic. The method has been implemented. We il-
lustrate the method by means of its application to a case study that refines the
Cyc ontology.

1 Introduction

Most conceptual schemas of information systems have been developed essentially
from scratch. The current situation is not very different: most industrial information
systems projects are being developed using a methodology that assumes that the con-
ceptual schema is created every time from scratch. However, it is well-known that
substantial parts of conceptual schemas can be reused in different projects, and that
such reuse may increase the conceptual schema quality and the development produc-
tivity [13].

Several research projects explore alternative approaches that try to reuse concep-
tual schemas as much as possible [3, 12, 21, 22]. The objective is similar to that of
projects in the artificial intelligence field that try to reuse ontologies. There are sev-
eral definitions of the term “ontology”. We adopt here the one proposed in [7, 24], in
which an ontology is defined as the explicit representation of a conceptualization. A
conceptualization is the set of concepts (entities, attributes, processes) used to view a
domain. An ontology is the specification of a conceptualization in some language. In
this paper, we consider a conceptual schema as the ontology an information system
needs to know.

Ontologies can be classified in terms of their level of generality into [8]:

— Top-level ontologies, which describe domain-independent concepts such as space,
time, etc.

P. Atzeni et al. (Eds.): ER 2004, LNCS 3288, pp. 122-135, 2004.
© Springer-Verlag Berlin Heidelberg 2004
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— Domain and task ontologies which describe, respectively, the vocabulary related
to a generic domain and a generic task.

— Application ontologies, which describe concepts depending on a particular domain
and task.

We call top-level, domain and task ontologies general ontologies. One example of
general ontology is Cyc [11].

General ontologies can play several roles in conceptual modeling [22]. One of
them is the base role. We say that a general ontology plays a base role when it is the
basis from which the conceptual schema is developed. In general, the development
requires three main activities: refinement, pruning and refactoring [5] which are re-
viewed in the next section. The objective of the refinement activity is to extend the
base ontology with the particular concepts needed in a conceptual schema, and that
are not defined in that ontology.

In general, when the base ontology is large, the extended ontology cannot be ac-
cepted as the final conceptual schema because it includes many superfluous concepts.
The objective of the pruning activity is then to prune the unnecessary concepts. In this
paper, we propose a new method for pruning ontologies in the development of con-
ceptual schemas. To the best of our knowledge, ours is the first method that is inde-
pendent of the conceptual modeling language used and of the base ontology. The
method can be used in other contexts as well, and we will show that it has several
advantages over similar existing methods ([23, 20]). Our method can be adapted to
most languages, and we give the complete details of its adaptation to the UML [17].
We illustrate the method by means of its application to a case study that refines the
Cyc ontology. The case study deals with the directory of an organization (depart-
ments, persons, assignment of persons to departments, contact locations, etc.). The
complete details of the case study are reported in [4].

The structure of the paper is as follows. In the next section we review the three
main activities in the development of a conceptual schema from a base ontology, with
the objective of defining the context of the pruning activity, the focus of this paper.
Section 3 presents the pruning method we propose. Section 4 compares our method
with similar ones. Finally, Section 5 gives the conclusions and points out future work.

2 The Context

In this section we briefly review the three activities required to develop a conceptual
schema from a general ontology: refinement, pruning and refactoring. Normally, these
activities will be performed sequentially (see Fig. 1), but an iterative development is
also possible [5].

2.1 Refinement

Normally, a general ontology O will not include completely the conceptual schema
CS required by a particular information system. The objective of the refinement activ-
ity is then to obtain an extended ontology Oy such that:

— Oy is an extension of O, and

— Oy includes the conceptual schema CS.
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Refinement Pruning Refactoring
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Fig. 1. The three activities in the development of conceptual schemas from general ontologies

The refinement is performed by the designer. S/he analyzes the IS requirements, de-
termines the knowledge the system needs to know to satisfy those requirements,
checks whether such knowledge is already in O and, if not, makes the necessary

extensions to Oy, thus obtaining O.
In our case study, we adopted as general ontology O OpenCyc [18], the public

version of the Cyc ontology. OpenCyc includes over 2900 entity types and over 1300
relationship types. Even if these numbers are large (and even larger in other ontolo-
gies such as Cyc) it is likely that additional entity or relationship types may be
needed for the CS of a particular IS.

For example, our case study deals with an organization, its departments and the
people working in them. A department is a sub-organization, part of the organization
to which it belongs, and it performs some of the activity of that organization. The
organizational structure is hierarchical, with some departments reporting directly to
the organization itself, while others report to another department. However, the con-
cept of Department does not exist' in OpenCyc, so we have to add it. We have added
the entity type Department, as a subtype of the pre-existing Organization (an indirect
subtype of Agent), the relationship type HasDepartments (see Figure 2), and the con-
straint that the organizational structure is hierarchical.

As another example, OpenCyc includes the relationship type HasWorkers between
two Agents. The meaning is that an agent (worker) regularly works for the other
(work). A person may be worker of several agents. HasWorkers has a supertype
(WorksWith) and a subtype (HasEmployees). The relationship type that fits best our
needs is HasWorkers. However, in our case study, the participants are Person and
Organization. We have then refined HasWorkers in Person so that the work must be
instance of Organization. On the other hand, in our case study, the participation of a
person in HasWorkers is mandatory (multiplicity 1..* in work role, see Figure 2).

The complete refinement of OpenCyc for the case study is described in [4]. In
summary, we have added one entity type (Department), one attribute (attribute name
of Agent, shown in Figure 2) and two associations (one of them is HasDepartments in
Figure 2). We have added also one refinement of attributes, one of associations
(shown in Figure 2) and four general integrity constraints.

!' In fact, it appears in the documentation, but it is not included yet in the public download.
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HasWorkers
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* # = | work

Agent
*

worker| name: CharacterString

HasEmployees

Person Organization 1 HasDepartments

worker | # work |],.# -
HasWorkers
{redefines work} Department

Fig. 2. (Partial) refinement of OpenCyc in the case study

2.2 Pruning

Normally, an extended ontology O, will contain many irrelevant concepts for a par-

ticular information system. The objective of the pruning activity is then to obtain a

pruned ontology O, such that:

— Opis asubset of Oy, and

— Opincludes the conceptual schema CS, and

— the concepts in Oy but not in O, would have an empty extension in the informa-
tion system (i.e. they are irrelevant).

In the case study, we find that the OpenCyc ontology contains thousands of con-
cepts irrelevant for organizational directory management. For example, the entity and
relationship types dealing with Chemistry. Our information system is not interested in
these concepts and, therefore, their extension in the information base would be empty.
The objective of the pruning activity is to remove such concepts from Oy. In the next

section we present a method for the automatic pruning of ontologies. The input of the
method is either the formal specification of the IS requirements (domain events, que-
ries) or the explicit definition of the concepts (entity and relationship types) of inter-
est.

2.3 Refactoring

Normally, a pruned ontology O, cannot be accepted as a final CS because it can be

improved in several respects. The objective of the refactoring activity is then to obtain
a conceptual schema CS that is externally equivalent to O, yet improves its structure.

The purpose of ontology (or conceptual schema) refactoring is equivalent to that of
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software refactoring [6]. The refactoring is performed by the designer, but important
parts of the activity can be assisted or automated, provided that the IS requirements
are formalized. Refactoring consists in the application of a number of refactoring
operations to parts of an ontology. Many of the software refactoring operations can be
adapted to conceptual modeling, but this will not be explored in this paper.

3 Pruning the Extended Ontology

In this section, we define the problem of pruning the extended ontology and we pro-
pose a new method for its solution. The starting point of the pruning activity is an
extended ontology O, and the functional requirements of the IS.

3.1 The Extended Ontology

We assume that, in the general case, an ontology O, consists of sets of the following
elements:

— Concepts. There are two kinds of concepts:
— Entity types.
— Relationship types. We will denote by R(p:E,,...,p,:E,) a relationship type R
with participant entity types E,, ..., E, playing roles p,, ..., p, respectively.

— Generalization relationships between concepts. We denote by IsA(C,,C,) the gen-
eralization relationship between concepts C; and C,. IsA* will be the transitive
closure of IsA. We admit multiple specialization and multiple classification.

— Integrity constraints?.

Adaptation to the UML. In the UML an ontology O, consists of sets of the follow-
ing elements (see Figure 2):

— Concepts:
— Entity types.
— Data types.
— Attributes.
— N-ary associations.
— Association classes, which reify associations. An association class and its
reifying association are a single element.
— Generalization relationships between de above concepts. Attributes cannot be gen-
eralized.
— Constraints.

In the UML, some constraints are predefined (they have a particular language con-
struct) and others may be user-defined. In our method we deal with constraints of the
following kinds:

— Cardinality constraints of associations and attributes.
— Completeness and disjointness of sets of generalizations.

2 The generalization relationships are (inclusion) constraints also, but we give them an special
treatment due to its prominent role in ontologies and in conceptual modeling.
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— Redefinitions of association ends and attributes (refinement constraints). Figure 2
shows an example of association redefinition: the association HasWorkers is rede-
fined in Person.

— General constraints. We assume that general constraints are defined by constraint
operations and specified in the OCL, as explained in [16]. The adaptation of our
method to constraints defined as invariants is straightforward. An example is the
constraint that the name of agents must be unique. Its formal specification is:

Context Agent::unigqueName () :Boolean
body Agent.allInstances() -> isUnique (name)

In the case study, Oy, consists of:

— 2,697 Entity types and 255 Data types.
— 266 Attributes and 1,446 Associations.
— 4 general integrity constraints.

3.2 Concepts of Direct Interest

Usually, the extended ontology Oy will be (very) large, and only a (small) fraction of

it will be needed for the CS of a particular IS. The objective of the pruning activity, as
we will define it below, is to remove some non-needed elements from O,.

The pruning activity needs to know which concepts from O, are of direct interest

in the IS. A concept is of direct interest in a given IS if its users and designers are
interested in representing its population in the Information Base of the IS.

When the functional requirements of an IS are formally specified, then the con-
cepts of direct interest Col may be automatically extracted from them [22]. The details
of the extraction process depend on the method and language used for that specifica-
tion. We explain here the process when the IS behavior is specified by system opera-
tions, as is done in many methods such as Larman’s method [10], the B method [1] or
Fusion [2]. A similar process can be used when the behavior is specified by state-
charts, event operations or other equivalent methods.

In general, the formal specification of a system operation consists of:

— A signature (name, parameters, and result). The types of the parameters and the
result are entity types defined in O,.

— A set of preconditions. Each precondition is a boolean expression involving con-
cepts defined in O,.

— A set of postconditions. As above, each postcondition is a boolean expression in-
volving concepts defined in O,.

The concepts of direct interest Col are then defined as:

— The types of the parameters and result of the system operations.
— The concepts appearing in the pre or postconditions.

In some cases the formal specification may not be available or may be incomplete.
In these cases, the designers may wish to define the concepts Col explicitly or to add
new concepts to those determined from the functional specification. Given that our
pruning method needs to know these concepts, independently of how they have been
obtained, we allow designers to define them explicitly, either in total or in part.
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If a relationship type is a concept of direct interest then we require that its partici-
pant entity types are in Col also. Formally, we say that a set of concepts of direct
interest Col is complete if for each relationship type R(p:E,,...,p,:E,) € Col the par-

ticipant entity types {E,, ..., E,} < Col.
In Oy there may be some concepts that generalize those in Col and which are not

part of Col. We are interested in these generalized concepts because they may be
involved in constraints that affect instances of the concepts Col. To this end, we call
set of generalized concepts of interest G(Col) the concepts of a complete set Col and
their generalizations. Formally:

G(Col) = {c|c e Colv 3sub (IsA*(sub,c) A sub € Col)}

Adaptation to the UML. The adaptation is straightforward. We assume that the
pre/postconditions are written in the OCL. For example, consider the system opera-
tion changeSuper, whose purpose is to change the super of a given department. Its
formal specifications may be:

Context System::changeSuper (sub:Department, super:0rganization)
pre: super <> sub.super
post: sub.super = super

The Col inferred from this operation are: Department, Organization and HasDepart-
ments.

3.3 Constrained Concepts

We call constrained concepts of an integrity constraint ic, CC(ic), the set of concepts
appearing in the formal expression of ic. By abuse of notation we write CC(O) to
denote the set of concepts constrained by all the integrity constraints defined in ontol-
ogy O. Formally,

CC(0) = {c|cisaconcept A ce O A Tic (icis a constraint A ic € O A c e CC(ic))}

Adaptation to the UML. If ic is a cardinality constraint of an attribute or association,
then CC(ic) will be the attribute or association, and the entity and data types involved
in it.

If ic is a completeness constraint with a common supertype super and subtypes
sub,, ..., sub,, then CC(ic) = {super, sub, ,..., sub,}.

A disjointness constraint with a common supertype super and subtypes sub,, ...,
sub,, corresponds to n(n-1)/2 disjunction constraints each of which constraints two
subtypes, sub; and sub;, and super. Strictly speaking, these constraints do not involve

the supertype super, but in the UML they are attached to sets of generalizations hav-
ing the same supertype.

If ic is a redefinition of an association or attribute then CC(ic) will be the redefined
association or attribute, and the entity and data types involved in the association or
attribute.

The constrained concepts of a general constraint will be the entity types, data
types, attributes, associations and association classes appearing in the OCL expression
that defines it. For example, if uniqueName is the general constraint defined in 3.1,
then CC(uniqueName) = {Agent, name}.
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3.4 The Pruning Problem

Given an extended ontology Oy and a complete set of concepts of direct interest Col,
as explained above, the pruning problem consists in obtaining a pruned ontology O,
such that:
(a) The elements in O, are a subset of those in O,. We do not want to add new ele-
ments to Oy in the pruning activity. Additions can be done in the refinement or in

the refactoring activities.
(b) O, includes the concepts of direct interest Col. These concepts must be included

in Op because they are referred to in the specification of the system operations.

(¢)If C, and C, are two concepts in Op and there is a direct or indirect generalization
relationship between them in O,, then such relationship must also exist in Op.
Formally:

V¢, (c; € Op A ¢, € Op AlsA*(c,c,y) € Oy — IsA'*(c,c,) € Op)

(d) Op includes all constraints defined in O, whose constrained concepts are in
G(Col). The rationale is that the constraints in O, which constraint the Informa-
tion Base of O, must be part of it. The constraints in O, that involve one or more
concepts not in G(Col) cannot be enforced and, therefore, are not part of O,.

(e) Op is consistent, that is, it is a valid instance of the conceptual modeling lan-

guage in which it is specified (metamodel).
(f) Op is minimal, in the sense that if any of its elements is removed from it, the re-

sulting ontology does not satisfy (b-e) above.
For each Oy and Col there is at least an ontology O, that satisfies the above condi-

tions and, in the general case, there may be more than one.
To the best of our knowledge, there does not exist a method that obtains O, auto-

matically in a context similar to ours. In what follows we describe a method for the
problem. In the next section we will compare it with existing similar methods.

3.5 The Pruning Algorithm

Our algorithm obtains O, in three steps. The algorithm begins with an initial ontology
O, which is exactly Oy, (thatis, O,:= O,) and obtains O,,. The steps are:

— Pruning irrelevant concepts and constraints. The result is the ontology O,.
— Pruning unnecessary parents. The result is the ontology O,.
— Pruning unnecessary generalization paths. The result is Op.

Pruning irrelevant concepts and constraints. The concepts of direct interest for the
IS are given in the set Col, and G(Col) is the set of concepts in which the IS is di-
rectly or indirectly interested in. However, O, may include other concepts, which are

irrelevant for the IS. Therefore, in the first step we prune from O, all concepts which
are not in G(Col), that is, we prune the set of concepts:

IrrelevantConcepts = {c | ¢ is a concept A c € O, Ac & G(Col)}
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Pruning a concept implies the pruning of all generalization relationships in which
that concept participates.

Similarly, we prune the constraints in O, that are not relevant for the IS, because
they constraint one or more concepts not in G(Col). That is, we prune the set of con-
straints:

IrrelevantConstraints =

{ic | ic is a constraint A ic € O, A3c (c e CC(ic) A c g G(Col)}

The result of this step is the ontology O;:
0, = 0, — IrrelevantConcepts — IrrelevantConstraints

In the example of Figure 2, we have that HasWorkers is a concept of interest and,
therefore, { HasWorkers, WorksWith} < G(Col). However, HasEmployees, a subtype
of HasWorkers, is not a member of G(Col) and it is then pruned in this step. Like-
wise, Person is a concept of interest but its subtypes (Student, HumanChild, Hu-
manAdult, FemalePerson, MalePerson, etc. not shown in Figure 2) are not, and there-
fore they are also pruned in this step. The same happens to “lateral” concepts such as
Atom or Electron.

In the case study, after the application of this step we have an ontology O, consist-
ing of:

— 96 Entity types and 8 Data types.
— 6 Attributes and 21 Associations.
— 4 general integrity constraints.

Pruning unnecessary parents. After the previous step, the concepts of the resulting
ontology (0,) are exactly G(Col). However, not all of them are needed in the CS. The
concepts strictly needed are given by:

NeededConcepts = Col U CC(O))

The other concepts (i.e. those given by G(Col) — NeededConcepts) are potentially not
needed. We can prune the parents of NeededConcepts which are not children of some
concept in NeededConcepts. Formally,

UnnecessaryParents =

{c|c ¢ NeededConcepts A — dc’ (¢’ € NeededConcepts A IsA*(c,c’))}

As we have said before, the pruning of a concept implies the pruning of all gener-
alization relationships in which that concept participates.

The result of this step is the ontology O,:

0,= 0, — UnnecessaryParents

In Figure 2, an example of unnecessary parent is the association WorksWith. In the
case study, WorksWith neither is a needed concept of O, nor is a child of some needed
concept, and therefore it is pruned in this step.

In the case study, after the application of this step we have an ontology O, consist-
ing of:
— 23 Entity types and 6 Data types.
— 6 Attributes and 5 Associations.
— 4 general integrity constraints.
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Pruning unnecessary generalization paths. In some cases, the ontology O, may

contain generalization paths between two concepts such that not all of them are neces-
sary. The purpose of the third step is to prune these paths.
We say that there is a generalization path between C, and C, if:

— C, and C, are two concepts from O,,
- IsA*(C,,C,) and

— The path includes two or more generalization relationships IsA(C,,C,), ..., IsA
(C,.;,C).
A generalization path IsA(C,,C,), ..., IsA(C, ;,C,) between C; and C, is potentially

redundant if none of the intermediate concepts C,, ..., C, ;:

— Is member of the set Col U CC(O,)
— Is the super or the sub of other generalization relationships.
A potentially redundant generalization path between concepts C, and C, is redun-

dant if there are other generalization paths between the same pair of concepts. In this
case, we prune the concepts C,, ..., C, ; and all generalization relationships in which

they participate. Note that, in the general case, this step is not determinist.

The output of this step is the pruned ontology, O,.

Figure 3 shows two generalization paths between the concepts of interest Person
and Agent. None of the four intermediate concepts is member of Col U CC(O,). How-

ever, SocialBeing is the super of a generalization of Organization. Therefore, the only
potentially redundant generalization path is IsA(Person,Animal), IsA(Animal,
PerceptualAgent), IsA(PerceptualAgent,Agent), and it can be pruned from the ontol-
ogy.

In the case study, after the application of this step we have an ontology O, consist-

ing of (see Figure 4):

— 10 Entity types and 6 Data types (not shown in the Figure).
— 6 Attributes and 5 Associations.

— 4 general integrity constraints.

4 Comparison with Previous Work

The need for pruning an ontology has been described in several research works in the
fields of information systems and knowledge bases development. We may mention
Swartout et al. [23], Knowledge Bus [20], Text-To-Onto [9, 14], Wouters et al. [26],
the ODS (Ontology-Domain-System) approach [25], and OntoLearn [15].

Even if the above works differ in the context in which the need for pruning arises,
the ontology language, the particular ontology used as base, or the selection of the
concepts of interest, we believe that (at least parts of) our pruning method can be
adapted to be used successfully in all those works. The reason are: (1) we deal with
any base ontology; (2) our method can be adapted to any ontology language; (3) we
take into account the specificity of entity types, relationship types, generalizations and
constraints present in all complete conceptual modeling languages; and (4) we may
obtain the concepts of interest from the functional specifications. In the following we
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Fig. 3. Two generalization paths between Person and Agent
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Fig. 4. The pruned ontology in the case study

give some comments on the first two works, which are the more closely related to
ours, and that describe a comparable pruning method.

The purpose of Swartout et al. [23] is the development of specialized, domain spe-
cific ontologies from a large base ontology. The base ontology is Sensus, a natural
language based ontology containing well over 50,000 concepts. The elements of the
ontology are only entity types and generalization relationships. The concepts of inter-
est are assumed to be a set of entity types (called the "seed") selected explicitly by
domain experts, and all entity types that generalize them. The pruning method corre-
sponds roughly to our first step (pruning irrelevant concepts and constraints). Using
our method, the domain experts could select the seed, as before, but also the general-
ized entity types of interest. The two other steps of our method could then be applied
here, thus obtaining more specific domain ontologies.
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The purpose of Knowledge Bus [20] is to generate information systems from ap-
plication-focused subsets of a large ontology. The base ontology is Cyc, and the on-
tology language is CycL. The concepts of interest are assumed to be the set of entity
types defined in a context (a subset of Cyc), also called the "seed" set, and all the
entity and relationship types that can be "navigated" directly or indirectly from them.
For example, with reference to Figure 2, if the seed set were only {Organization}
then all entity and relationship types shown in that figure would be considered con-
cepts of interest. If we consider not only the fragment shown in that figure but the
complete OpenCyc, then over 700 entity types and 1300 relationship types would be
considered concepts of interest. The pruning method (called the sub-ontology extrac-
tor) corresponds here also to our first step (pruning irrelevant concepts and con-
straints). The result is that (as the authors recognize) many superfluous types are ex-
tracted from Cyc. Using our method, the domain experts can be more precise with
respect to the concepts of interest. They could select the seed, as before, but also the
generalized entity and relationship types of interest. The two other steps of our
method could then be applied here as well, thus improving the specificity of the sub-
ontology extraction process.

5 Conclusions

We have tried to contribute to the approach of developing conceptual schemas of
information systems by reusing existing ontologies. We, as many others, believe that
this approach offers a great potential for increasing both the conceptual schema qual-
ity and the development productivity.

We have focused on the problem of pruning ontologies. The problem arises when
the reused ontology is large and it includes many concepts which are superfluous for
the final conceptual schema. The objective of the pruning activity is to remove these
superfluous concepts.

We have presented a new formal method for pruning an ontology. The input to our
method is the ontology and the set of concepts of interest. When the functional re-
quirements are formally specified, the concepts of interest can be automatically ex-
tracted from them. Otherwise, the designer has to define them explicitly. From this
input, our method obtains automatically a pruned ontology, in which most of the su-
perfluous concepts have been removed.

We have formalized the method independently of the conceptual modeling lan-
guage used. However, the method can be adapted to most languages. We have shown
the details of its adaptation to the UML. On the other hand, our method can be used
with any ontology. We have illustrated the method by means of its application to a
case study that refines the public version of the Cyc ontology. We have shown that
our method improves on similar existing methods, due to its generality and greater
pruning effectiveness.

We plan to continue our work in (at least) three directions. First, our method as-
sumes the pruning activity in the context of the development of a conceptual schema,
but the method can be used in other contexts as well. In particular, we would like to
use it in the development of domain ontologies. Second, we would like to adapt the
method to other general languages such as the OWL (Web Ontology Language) [19].
Finally, we plan to work on the activity that follows pruning: refactoring. The large
amount of existing work on schema transformation can be “reused” for that purpose.
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Abstract. Most current conceptual modeling languages and methods do not
model events as entities. We argue that, at least in Object-Oriented (O-O) lan-
guages, modeling events as entities provides substantial benefits. We show that
a method for behavioral modeling that deals with event and entity types in a
uniform way may yield better behavioral schemas. The proposed method makes
an extensive use of language constructs such as constraints, derived types, deri-
vation rules, type specializations and operations, which are present in all com-
plete O-O conceptual modeling languages. The method can be adapted to most
0-0 languages. In this paper we explain its adaptation to the UML.

1 Introduction

According to the well-known 100 Percent (or completeness) principle, a conceptual
schema must include all relevant general static and dynamic aspects [18]. The part of
a conceptual schema that deals with static aspects is called the structural schema (or
subschema), and the part that deals with dynamic aspects is called the behavioral
schema. This paper focuses on behavioral schemas.

The approaches to behavioral modeling taken by conceptual modeling languages
are diverse. The main differences are due to the style in which each language is based
(logic, structured, object-oriented (O-O), temporal, Petri nets, etc.) and to the degree
of formalization (informal, semiformal, formal) they aim at. These approaches have
been surveyed and compared in (among many others) [12,34,2,25].

In O-O languages, an important classification of behavioral modeling approaches
is with respect to whether or not they model events as entities (objects or individuals).
When events are entities, they are modeled in a way similar to ordinary entities: they
are instance of event types (a special kind of entity types), they may participate in
relationships, they can be specialized or generalized, and so on. When events are not
considered entities, they are modeled by means of other language constructs, usually
as invocations of operations or actions.

Most current conceptual modeling languages and methods do not model events as
entities. Among them, we may mention the well-known Syntropy [8], Fusion [7],
Object-oriented SSADM [30], ROOM [32], B [1], TROLL [19], Statecharts [16],
IDEA [6], Catalysis [10], IDEFIX [17], Larman’s method [20] and Executable UML
[23].

P. Atzeni et al. (Eds.): ER 2004, LNCS 3288, pp. 136-149, 2004.
© Springer-Verlag Berlin Heidelberg 2004
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In this paper we argue that, at least in O-O languages, modeling events as entities
provides substantial benefits. We show that a method for behavioral modeling that
deals with event and entity types in a uniform way may yield better behavioral sche-
mas.

The idea that events can be modeled as objects is not new in the conceptual model-
ing field. It was suggested in the beginning of the 80’s [3,4,24], and it was (at least
partially) adopted in a few languages and methods developed around the early 90’s,
such as OSA [13], KAOS [11], IFO, [33], and Martin and Odells’ method [21]. How-

ever, later methods have advocated approaches to behavioral modeling that use (only)
state transition diagrams and/or operations.

Currently, there does not exist any UML-based method that models events as enti-
ties. The UML language distinguishes four kinds of events: (1) call events, which are
invocations of operations; (2) signal events, which are similar to objects, but are lim-
ited and intended for asynchronous communication between objects; (3) change
events, which are satisfaction of boolean conditions; and (4) time events, which are
satisfaction of time expressions [29, 31]. Therefore the UML does not provide an
appropriate construct for modeling events as objects at the conceptual level. Change
and time events are useful constructs in conceptual modeling, but they can be used
only in state transition diagrams.

We propose a new method that makes an extensive use of language constructs
such as constraints, derived types, derivation rules, type specializations and opera-
tions, which are present in all complete modern conceptual modeling languages. The
method can be adapted to most O-O languages. We explain in this paper its adapta-
tion to the UML.

The structure of the paper is as follows. Next Section defines the terminology we
use, and delimits the scope of our work. Section 3 presents the basics of the method
we propose. Section 4 describes a useful extension to the basic method. Finally, Sec-
tion 5 summarizes the conclusions and points out to future work. The examples in the
paper will be about a fragment of an elementary version of a Material Requirements
Planning (MRP) system. Figure 1 shows the structural schema of that fragment. The
details are introduced where they arise.

2 Events

In this section, we introduce the terminology, definitions and classifications of events
used in the paper, and we delimit the scope of our method [21].

2.1 Domain Events

An Information System (IS) maintains a representation of the state of a domain in its
Information Base (IB). The state of a domain at some time point is the set of instances
of the relevant entity and relationship types that exist in the domain at that time. The
state of the domain at time ¢ changes if the domain state at that time, ¢, is different
from the domain state at the previous time, #-/. A state change consists in a set of one
or more structural events. A structural event is an elementary change in the popula-
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tion of an entity or relationship type [9]. The precise number and meaning of struc-
tural events depend on the conceptual modeling language used. In the logic language,
there are only two kinds of structural events: insertion and removal of facts. In the
UML, there are nine kinds of structural events: create object, reclassify object, etc.
[29, p.203+]. A domain event is a state change that consists of a set of structural
events that are perceived or considered as a single change in the domain. The time at
which the change occurs is the occurrence time of the event. In principle, two or
more domain events may occur at the same time.

Product

/PurchaseOrder
Je o o

Vendor productNo: String
*| quantityOnHand: Natural = 0 orderNo: Natural
orderMinimum: Natural quantity: Natural
issueDate: Date

-

name: String
leadTime: Natural

fdisjoint complete}

Requirement
d“""RF‘""r_ﬂj- Date ScheduledReceipt ReceivedOrder
quantity; Natural
dueDate: Date receptionDate: Date

Fig. 1. Fragment of the structural schema for an MRP application

Usually, domain events are caused by actions performed in the domain. However,
in some cases the users may delegate the task of producing some domain events to the
IS. We can then classify the domain events in terms of where (the source) they have
been produced: either in the domain or in the IS. They are called external and gener-
ated domain events, respectively. Some of the external events are produced by just
the passing of time, and they are called temporal domain events. We briefly review
these three kinds of domain events in the following.

An external domain event is caused by an action performed in the domain. The
event occurs independently from the IS. An example of external domain event is the
reception of a scheduled receipt.

A temporal domain event is caused by the passing of time. The domain is in some
state and the simple passing of time changes it. The event occurs independently from
the IS. An example of temporal domain event could be the arrival of the day after the
due date of a scheduled receipt. The scheduled receipt becomes an overdue order by
just the passing of time (the entity type OverdueOrder, subtype of ScheduledReceipt,
is not shown in Figure 1).

A generated domain event is caused by actions performed by the IS itself. Gener-
ated domain events are caused when some generating condition C is satisfied. The IS
detects when C is satisfied and, at that time, it generates the corresponding domain
event. In principle, the generating condition might take any form. However, the most
widely used particular forms are:

— State-based. The change of the truth value of a boolean condition over the IB in
two consecutive states.
— Event-based. The occurrence of an event, when the IB satisfies a given condition.
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An example of generated domain event with a state-based generating condition
could be the automatic generation of purchase order releases. The generating condi-
tion could be: “The quantity on hand plus the total expected receipts of a product is
equal or greater than the sum of the required quantities of that product”. When the
truth value of the condition changes between two consecutive states (from true to
false) the system must generate a “purchase order release” for the corresponding
product.

2.2 Query Events

A query event is a request for information to which an IS must respond. Query
events are not changes in the domain state represented in the IB. The source of query
events may be external to the IS or the IS itself. They are then called external or gen-
erated query events, respectively.

An external query event is issued by an actor. Most query events are external. A
generated query event is an implicit request for information issued by the IS itself.
Similar to generated domain events, an IS may generate a query event when a gener-
ating condition is satisfied. In principle, the generating condition might take any
form. However, two particular forms are widely used:

— State-based. The change of the truth value of a boolean condition over the IB in
two consecutive states. For example, sending an automatic reminder notice to a
vendor when a scheduled receipt is approaching its due date.

— Event-based. The occurrence of an event, when the IB satisfies a given condition.

2.3 Scope of This Paper

This paper deals with domain and query events that are external or generated with an
event-based generating condition. The reason for leaving aside domain and query
events that are generated with a state-based generating condition, and the temporal
domain events, is that their definition in most O-O languages (including the UML)
requires the use of state transition diagrams, which are not discussed here.

3 The Basics of the Method

3.1 Events as Entities

Our method adopts the view that events are similar to ordinary ent