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Preface

During the 1980’s the flat relational model (relational model), which was initiated by
Codd in 1970, gained immense popularity and acceptance in the market place. One of
the main reasons for this success is that the relational model provides physical data
independence, i.e. changing the physical organization of the database does not require
alteration of the database at the conceptual level. However, the relational model does not
provide logical data independence, since users must navigate amongst the flat relations in
the database when posing queries to the database. Logical data independence would
imply that changing the database at the conceptual level does not have an effect on the
user’s view of the database.

The universal relation model (UR model) endeavours to achieve logical data
independence in the relational model by allowing the user to view the flat database as if it
were composed of a single fiat relation. To this end, the user is provided with a UR inter-
face - with all the semantics embedded into the attributes - encapsulating the user’s view
of the flat database at the external level, on top of the conceptual level. The UR model
was firmly established in mainstream relational database theory during the mid 1980’s
with the introduction of the weak instance approach. In the weak instance approach to
the UR model, the representative instance becomes the underlying data structure of the
UR model, which is suitable for storing all the data in the flat database in a singie flat
relation. Although the application areas of the UR model are slightly restricted by
several underlying assumptions it could serve well as the foundation of a natural language
interface to a database.

In recent years there has been a growing demand to use databases in non-business
applications, such as: office automation, computer aided design (CAD), computer aided
software engineering (CASE), image processing, text retrieval, expert systems and geo-
graphical and statistical analyses. The flat structure of relations imposed by the first nor-
mal form assumption on relational databases poses a severe restriction on the modelling
capabilities of the relational model for such non-business applications.

In order to facilitate the modelling of the above non-business applications the
nested relational model was developed during the 1980°s as an extension of the relational
model. The nested relational model achieves this wider applicability by allowing
hierarchically structured objects, also referred to as complex objects, to be modelled
directly, whilst maintaining the sound theoretical basis of the relational model.

One of the problems with the nested relational model is that it may prove to be too
complex for non-technical users to interact with. This usability problem arises because of
the fact that queries posed to a nested database involve navigation both amongst and
within the structure of nested relations in the nested database. Thus, as in the fiat rela-
tional model, the nested relational model does not provide logical data independence.
Moreover, posing queries to the nested database is much more difficult in the nested



relational model than in the flat relational model due to the hierarchical structure of
nested relations.

In this monograph we propose to alleviate the usability problem by providing logi-
cal data independence to the nested relational model. To this end we extend the UR
model to nested relations by defining a new database model, called the nested Universal
Relation model (nested UR model). Logical data independence is achieved by allowing
users to view the nested database as if it were composed of a single nested relation. More-
over, the nested UR model allows users to interact with the nested database without hav-
ing to know its structure, which may be complex.

In order to formalize the nested UR model we present a comprehensive formaliza-
tion of the nested relational model, which incorporates null values into the model. We
provide semantics to the nested relational model in terms of null extended data dependen-
cies. These dependencies are obtained by extending from flat relations to nested relations
both functional data dependencies and the classical notion of lossless decomposition.
Furthermore, we define the extended chase procedure in order to test the satisfaction of
the said null extended data dependencies and to infer more information from a given
nested relation. The theory of the nested UR model is established by extending the weak
instance approach to the classical UR model to the nested weak instance approach to the
nested UR model. The nested weak instance approach leads naturally to the definition of
the underlying data structure for the nested UR model, namely, the nested representative
instance (NRI) over the nested universal relation scheme (NURS).

A major result of the monograph is that the NRI over the NURS is a suitable model
for storing the data in a nested database in a single nested relation. Thus, the classical UR
model becomes a special case of the nested UR model. An important implication of this
result is that a UR interface can be implemented by using the nested UR model, thus
gaining the full advantages of nested relations over flat relations. In particular, redun-
dancy is minimized, query processing becomes more efficient, semantics are often expli-
citly represented within the nested relations, and we gain more expressive power as both
flat and hierarchical data may be presented to the user.

We believe that usability of complex object databases is one of the challenges of the
1990’s in the area of database management, as the research into database models for com-
plex objects is gaining maturity. Therefore, both database researchers and practitioners
can benefit from the approach of the nested UR model, which is to formally show how
one can reduce the complexity of the user interface at the external level of a database in
order to gain usability.

This monograph is a slightly revised version of my thesis, which was submitted in
fulfilment of the requirements for the degree of Doctor of Philosophy in the University of
London in November 1989 and was obtained in June 1990. The thesis was written at the
Computer Science Department of Birkbeck College, which is part of the University of
London.



I would like to thank my supervisor Professor George Loizou for the many hours he
devoted to discussing and carefully reading the thesis. It has been a pleasure for me to
work with George who has always had the patience to find and painstakingly correct my
mistakes and give me the necessary guidance. I am also grateful to my parents and the
test of the family for giving me the moral and financial support I needed during my stu-
dies. In particular, I would like to thank my brother Dan for designing the illustration on
the cover of the monograph. 1 also wish to thank the Wingate Foundation for the finan-
cial support that was provided during my last year of study. Finally, I would like to dedi-
cate this monograph to Sara.

London Mark Levene
February 1992



Table of Contents

Chapter 1

INEFOQUCHION ...ttt ev et ra s e sr et st e s esesa e e e s sassrsa e s b e sanensshesn s
1.1 Background and Motivation of the Monograph.........ccccuveernmeenncinnnnens
1.2 Outline of the MONOIaPh ......occcrreriiriimiiiiitiec et
13 Summary of the Numbering SYStEN ........covvvmireennnnnsne e
Chapter 2

The Underlying Database Models.............ccocouriirinieiniiinninnniensseneens
2.1 The Flat Relational Model........cooceuevnnccnnieniciicne st ceverenenas
2.1.1  Flat Relations and Flat Relation SChemes.......ocvuvvviiiviniineniineiriinneanen
2.1.2  Data Dependencies in Flat REIAtions ..........ccoeeeeevciniecnieininncniiinsnenns
2.1.3  y-Acyclic Flat Database SChEMmES .........ccovvvnivnermrenriieneneneiesinnes
22 The Nested Relational MOdEL..........ccooerieiviimennceiineinesncteeneeeene
2.2.1  Nested ReIations......ccccvverirececnercrnnencnniecne s st srsnsssesessiossasessssoses
2.2.2 The NEST and UNNEST OpErators.......cccccvverirerirrerinernnsecssiinsscssissssmensens
2.2.3  Hierarchical RELALONS .....ccccreevereiiirenineenn it st ss s s
2.2.4  The Running EXample.........ooomiiviiininiiiiiccveen e s
2.2.5 A Note on the Methodology of Proofs.........ccecveeeieenernrcenveieneerescsenenenes
2.3 The Universal Relation (UR) MOGEL........coovvcirinirenenreeneenneseereesecesneennes
2.3.1 The Universal Relation ASSUMPLODS.......cocovireeiereerresesreissresnns e sessenes
2.3.2  Nulls in the Universal Relation Model........c.ocoveiniicnincenncniccrcnnes
2.3.3 The Weak Instance Approach to the UR Model .........cccovvieviciniccicnanenn
Chapter 3

The Null Extended Nested Relational Model..................cccooininninncnniinnninnnnn,
3.1 Nulls in Nested Relations........ccccovecervererennmeecnrereenmecreeriersessesie e sossas o
3.1.1  Null Extended DOmMAINS .........cccevevverriereererersueseesisnsessesceseessnsessassossassesasesses
3.1.2 Null Extended NEST and Null Extended UNNEST ........ccccocvvennirivvenernnnene.
3.2 The Null Extended Nested Relational Algebra...........oovveviceeiinccininencnns
3.2.1 Faithful and Precise Null Extended Operators .......cvcccvvvecerereeecreernseiosererene
3.2.2 Null Extended Union and Null Extended Difference.........cc.coccervcneveecnenne.
3.2.3 Null Extended Projection in Nested Relations ..........occvveeereeneneneneeninscennnnene
3.24 Null Extended Join in Nested Relations........c.ccooeveereoreecminnenneccecensennnnene.
3.2.5 Null Extended Selection and Null Extended Renaming .........cccovevneecncnniee
33 Discussion

O W = =

11
12
12
13
15
18
19
21
25
26
29
29
30
31
32

35
36
37
42
45
48
49
52
58
67
74



Chapter 4

Null Extended Data Dependencies and the Extended Chase................................ 77
4.1 Null Functional DePEendencies ..........cocoecerureeieerecreseeeereeneessresieseseserersesonne 79
4.2 Null Multivalued Dependencies...........coererurmrrercrncenrrrreesessesesssenesssaesssssens 81
4.3 Null Extended Join Dependencies.............coeeenrerererercseensnseeseseseseeenanaas 84
44 Null Extended Functional Dependencies ...........cocveeevvnecrvnersvererrereensensnans 88
4.5 The Extended Chase.......cccvieeiireenciieenncrere st sessensesseescsasstessseesssnssessans 94
4.6 DISCUSSION Lovvenuecreeeneetetenerenee et e streeaes s sen e st s st s e b e esesas e sea e enssnssesnans 106
Chapter 5

A Universal Relation Model for a Nested Database............ccccoevervcvrnrcnerinnnenn. 109
5.1 The Nested Universal Relation SCHEME.............ovveeeeencreeressreernssneseereeenes 111
5.2 The Nested Representative Instance (NRI) ......ccocovvevervevnnccninnrencn s 122
53 Equivalence of the NRI and the RI .............. etteerreeareraseetre s aeenteereeanbernerbanens 125
54 An Algebraic Approach to the Construction of the NRI............cccoovverreneene. 128
55 Discussion........ ereseureerfeseseaeesesesesereatesases et essese et et reenebe e e snae et et seanasstnnen 134
Chapter 6

A Universal Relation Model for a Single Nested Relation..............c..cccccovrunenene. 137
6.1 Associations and Objects in Nested Relations ..........cccovecervieecneirernnnsenene. 138
6.2 Scheme Trees and Y-ACYCHCILY ..oceovrererireirreereae e errercrseresctsnesesreseesessaraeseens 144
6.3 The NRI for a Single Nested Relation..........cccvivernrminnninnenriiensscnennnens 147
6.4 Application Examples of the Nested UR Model..........ccocvvriineincnniininnnne. 153
6.5 DISCUSSION «..ereeeerereereerire et ree e s sesie s et et sesess st esesbs e nnsas e ss e bases 157
Chapter 7

Concluding Remarks and Ongoing Research..............cccoviveininiinninnninnnn, 159
REFEIEIICES .......ooveeeeeeieeriecrt e ee et s e st s s st ren b s st seasneoabarnrsabssnasanasas 163



