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Preface

The University of Paris-Sorbonne is very proud to host this year the CAiSE'93
Conference on Advanced Information Systems Enginesring.

This event is the fifth of a series of conferences initiated by Professor Janis Bubenko
from the Swedish Institute for Systems Development in Stockholm, Sweden and Ame
Sglvberg from the Norwegian Institute of Technology in Trondheim, Norway. Starting
in 1989 in Stockholm, this series evolves from a Nordic audience to a truly European
one. All these conferences have attracted intemational papers of high quality and indicat-
ed the need for an international conference on advanced information systems engineering
topics.

The call for papers for CAISE'93 was given international audience. The programme
committee was chosen from very well reputed researchers in the international informa-
tion systems engineering community, as well as key professionals in European indus-
trial and consuoltant companies. One hundred and twenty papers have been submitted,
representing authors from twenty-five different countries. Thirty-three papers of high
technical quality have becn accepted for presentation and discussion during the confer-
enee.

The spectrum of the contributions contained in the prescnt proceedings extends from in-
evitable and still controversial issucs regarding modeling of information systems, via
development environments and experiences, to various novel views for some specific
aspects of information systems development such as revse, schema integration, and
evolution.

The editors express the hope that these papers will contribute to improvements in both
the understanding and practice of information Systcm engineering.

A major challenge for any research community is to provide a forum for presentation
and exchange of research results and practical experiences within the field. It is our hope
that this year’s conference may serve as a contribution to this end and will enhance
communication between the information systems research community and the informa-
tion systems professionals.

The CAISE'93 conference would not have been possible without the efforts of the au-
thors, the program committce members and the additional referecs. They deserve our
deepest thanks.

March 1993 Colette Rolland
Frangois Bodart
Corine Cauvet
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Consistent Structural Updates for
Object Database Design

P. Poncelet L. Lakhal .
Universilé de Nice - Sophia Antipolis Université de Nancy I- ESSTIN

I35 - CNRS - URA 1376. Baw 4 - 250 avenue A. Einslem
Sophia Antipolis - 06560 Valbonne - FRANCE
Tek: (33) 92 94 26 22 - Fax; {33) 92 94 28 98 - E-mail: ponceleti@opaline.unice.fr

Abstract. This paper locuses on consistenl structural updates [or object database
design and is included in a formal approach” for advanved database modeling and
design. This approach is based on the 1FO2 madel, an calension of ihe semanlic
model IFQ defined by Abijieboul and Hull. 1L preserves the acquired sirengihs of the
semantic approaches, whilst integrating concepls of the ovbject paradigm.
Suructurzl part of the model including concepts such as alternative, composition,
grouping for building complex objects and semantics constrainis are delined.
Furihermore, the deflinitions of consistent updales niccessary to modify and perfect
IFO72 schemas are formally specilied through change functions. The resull is a new
coherenl and formal approach which is useful in overcoming some of the
difficultics in the specification and design of advanced applicalions.

1 Introduction

Given the evolving complexity and size of applications, traditional models are proving (o
be restrictive, Indeed, the building of new applications requires more powerful constructors
and a greater degree of modeling flexibility. Furthermore, Lhe philosophy behind classical
models does oot fiL in with new devclopment tools - mainly object-oriented [35., 6] and
extended relational database management sysiems [1, 24}, Sg, current research work is
{ocusing on the definition of new modeling and design approaches able to satisfy the needs
of both traditions! and advanced applicatons [7, 8, 11, 13, 201.

The presented research work fits into this context, We propose a new approach for which
the three main aspects are the {ollowing:

() a formal object model [FO5 [21, 22] is defined [or advanced database modeling. It is an
extension of the semantic model [FO proposed by Abiteboul and Hull [2). Iis objective is
actually to reconcile apparcnily opposed idcas, firstly an optimal dala representation and
secondly a complete real world modeling. IFO; agempts (o prescrve Lhe acquired strengths
af semantic approachcs, whilst inicgraling concepls of the object paradigm [4];

¢ structural updaie primitives arc formally proposed ihrough change functions to offer an
incremental specification of [FO; schemas;

@ finally, in order 10 design object database schema, a set of ransformation rules ranslales
an [FO4 schema into an implementable one. To illustrate this conversion, the chosen arget
model is the established Oy one [15].

" ‘This work, supperted by an Exiernal European Research Project in collaboralion with Digital
Equipment, comes within Lhe scope of a larger project the aim of which is to realize an aided
system for advanced application modeling and design.
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Our approach oifers the user concepts powerful enouph lo achicve {roms the reai world the
most complete specilication possible. lis modeling capabilitics may be compared with
those of moedeling semastics cusrents [12] rather than object-orienied models which are not
expressive chough. Indecd, IFQO; proposcs the concepts of aliernalive, composition and
grouping and explicitly expresses structural semanlics constraints (conncctivily and
existency), However, the semantics currents sulfer from Lhe lack of cancepts (such as object
identity, reusability...) which are efficient lor advanced application medeling. Furthermore,
update facilities are not aiways proposcd, and when they exisl, they are described in an
intuitive way.

In contrast with these approaches, we inlegrate, in IFOy, the strength of the objecl models
whilst boosting their modeling abilities and respeciing independance batwecn the
specification and targel madels. Another advantage of our approach is (o reduce the dataloss
due to ambiguous vocabulary, particularly during the ransfer between the conceptual and
logical levels. Moreover, this brings aboul an optimization of the transialion rules of an
IF(, schema toward target models.

We maintain that it is essenlial (o have a really rigorous model such as IFO9, The object
paradigm allows and encourages a modular modefing of the real world. Thus, object
modefing can sometimes look "anarchistic” [277 and therefore difficull 1o handle. In order o
avoid such problems, a formal approach leads 1o a schema which is non-ambiguous,
without cinissions, modifiable and easily rcusable.

This paper particularly focuscs on the struclural updaze facilities provided in our approach.
They are crucial for they assist the designer in Wking real world cvolutions inte account or
in rectifying a part of his schemna withoui redelining the whole. They also play a part in the
merging of existing sub-schemas and 50 they may be scen as one important element in a
view-iniegration process. Mevertheless, as menlioned carlier, struclura) updates have not
been examined wilh all the required aticntion, in semantics modeling approaches. I Lhe
object models provide dalabase cvelution mechanisms {three rends have been delined in
131, they do not deal with conceptual schemas, and their objectives differ from ours.
However, they arc inleresting for Lthey pinpaint two levels which should be taken inlo
sonsideration: the IS_A hicrarchy and the composiuon hicrurchy, For instance, we may
quole:

1) The Mosaice system where algorithms are delined for type insertions ia a latice [17];

) The Esse project where algorithms ensure consisient updates of ar O, databuse schema
{9, 28];

3 The Gemstone [19] and Orign [14} sysiems, the Sherpa (18], Farandele2 {31 and Cocoon
[26] projects where rules for the cvelution schema are stated,

In the foilowing seclions, we [irst describe the structural part of the JFO; modet and then
we examinz ils structural updaws. These two puaris arc presented both informally and
iormally.

2 The TFO» Model
To present the IFOy model, we first deseribe the object and Lype concepts as well as the
different constructors, We then explain the fragment nolion and IFO; schema.
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2.1 Informal Presentation

IFQ;s is a formal object model which is both type and attribute oriented {13]. It adopls the
philosophy of the semantic model [FO. Two main ¢xlensions are realized. Firstly, an
explicite definition of the object identificr which is object value independent, is intcgrated.
To achieve this, all mantpulated elements of IFQ are re-defined in consideration of the
object paradigm. Secondly, io lully meet the objectives, the modeling power ol IFO must
be enhanced. Then, the concepis of alternative, composition and grouping for building
complex objects have been integrated. Cannectivity and exisieocy conslrainis are explicily
specified.

In the IFO2 model, 2n object has a unique identilier which is indcpendent of its value.
Furthermore, the domain ef a type describes possible values for its objects. The ligure |
shows the components of the type ‘Mame'.

Object Type

MName )
_ o= (’dN]’ ‘THIBAULT")
Type Domain

e :
String [20] Objecis of Type O™ (K]NT HUGOY)
Fig. 1. Object Type Example

There are three basic types (shown in the ligure 2);

(1) a printable type (TOP), used lor 1/O appiication (Input/Owput arc therefore
environment-dependent: String, Integer, Piclure, Sound, ...), which arc comparable 10
auribute 1ypc in the Entity/Reclalionship model [25];

& an abstract type {TOA) which would be perccived as entily in the Entity/Relationship
madel;

¢3) a represented type {TOR) which allows the handling of another type through the 15_A
specialization link. This concept is particularly inleresting when considering modularity and
reusability goals. The designer may defer a type description or entrust i 10 somcbody clsc,
while using this type for modceling a part of the application schema.

TOP rOA ’ TOR

Fig. 2. Basic Type Examples

IFQ; takes inlo account five construclors:

(1) aggregation and compusition: they represent the tuple constructor of object models
with an exclusive constraint for the composilion (an object can Lake parl in a unique
construction);

2y collection and grouping: they represent the sei-af constructor of object models with
an exclusive constraint {or the grouping;

3) union type {altermative): it allows the handling in the samc way of suuciarally
different iypes. This constructor represents the 1S_A peneralization link ecnhanced with a
disjunction constrainl between the generalized types.
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Wheeis
Adidress

Wheel @;
| Swreet | ! Number ' i Zipcode l

E_Axlc J l Tyrc.J

— o e 8 ® O

Aggregation  Composition Collection  Grouping Union Type

Fig. 3. Type Construciors

These constructors can be recursively applied sccording to specificd rutes {or building more
complex types. For cxample (sec the figure 3), 'Addiess' is baill from 'Streel’, Nember' and
"Zipeode' types and "Wheels' is composed with the "Wheel' (ype obtained from "Axle’ and
‘Tyre' types.

Types could be Jinked by functions {simpic, complex (i.c. muiti-valued), partiat (O:I¥ link])
or total (1;N link)) through the fragment coacepl, The aim of the [ragment is o describe
properties (aitribules) of the principal type called heari. The figure 4 describes the fragment
of heart 'Person’ having ‘Name', "Address’ and "Vehicle' as propertics. For each vehicle
associated to a person, there is a contract insurarce number, (his is called a nested (ragment.
Firstnames are nat always known for & person.

Contragt-

Insurance
So——

i Firstname I——%l!b \
Noiation:
__,@ Tola! and Comples Funciion ..,...,‘...'|||-® Pastial and Complex Function

» Totzl and Simple Function wanflie Parijal and Simple Function
Fig. 4. The Fragment "Person’

L

Name

Address

| Street I I Numbcr_l ! Zipcode I

The objects involved in the description of heart objects are described in the fragment
instance. The latier is achieved as foliows: a (unction maps cach heart object into property
values (objects of other [ragmen: types). From Lhe fragment insiance, wo deline for each
fragment type iis attached objecis. Inherilanee is then defined in a formal and generic way.

Finally, an IFO; schema is a sei of fragments related by 1S_A links according ¢ two rules.
The IS_A link in the IFO; model is the specialization link of the semantics models [12]. |t
represents either the sublyping (inheriiance) if the target is a {ragment heart or the
client/supplicr concept [16].
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A schema instance is oblained by the union of associated fragment instances. Thesc
instances follow property propagation {(Wrough the aitached heart objects) via the IS_A link
(the represented type inherits the heart description). The figure 5 illustrates one 1FQO;
schema made up of four fragments 'Person’, ‘Vehicle', 'Car' and 'Engine'. They are linked
with [S_A links through the represented types ("Vehicle_Used', 'V_Car', Truck_Enging’ and

'Car_Engine?.
 f B fFirsmand
Contract- .: Address

[nsurance

[ ser ]| nurber | | Zipeodte |

Engine

]

Noiation:

[S_A Link

Fig. 5. An 1FO; Schema

The mosl original aspect of [FQ; is that it draws upon both elements which may be said
conceptuat such as fragmenis and represented types, and implementable such as object
identifiers, The case of mulliple inheritance is & special case given that at the concepiual
level no conflicts arc involved white L the system fevel ali conflicts geacrated arc explicidy
processed. We have scen that 1IFQO; inheritance may be muiliplc but docs nol require any
price management. The conflicis are processed according 10 the wargel model while the
transiation rules are defined. Another advanuge of 1FQ; is the way il can modulate and rcase
parts of schema that have been developed through the fragment concepl. Therelore, it is
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[=3]

possible ic focus on only one part of the schoma while reusing, ihrough represenicd types,
the already defined and validated components.

The fragment concepe represents another advaniage ol IFQ,: namely, the ease of integraiing
application dypamic through this structure, It cnables the behavior of the heart type to be
described naturally and above ail makes it possibie for behavior 10 be inherited through
represented types.

Finally, IFO5 is wotally indcpendent in relation to implemientable models, whiie providing
an ease of transfermation rule definition toward different models due 10 its genericity, The
translation of an IFO; schema into an Oy schema is a prime exampie of this. The formal
rule definifions reduce dota-10ss and misinterpretation.

In the next section, we proposc part of the formal definitions which describe the introduced
concepis. Instance and atlachaed object concepts are not presenied in this paper, the intercsied
reader can refer to [21, 22].

2.2 Object and Type
Each object has an identiller independent of its value. We need then (o define the concepis of
value and identificr domains.

~ T

TO is an infinite sei of object Lypes such that: ¥ 1 € T0, Dom (T) is an infinile sel
of symbols, including the empty set, called the value domain of T, Did (1} is an
! infinite set of symbaols called the identifier domain of 1. Objects of type T are
defined by a pair {(id, vatue) such that:

V o= (id, value) and o' = (¢d', value") of lype 1, (id,1d) e [}‘id(‘c)2 with id # id" and
{value, value) & Dom (':)2. The infinile set of gbjecls of tyvpe 1 t5 called Obj {T).

2,2.1 Priptuble and Abstract Types
An absiract type actnaily sepresents an entity without internal sirycture bt nevertheless
identifiable and having properlics, hence its value domain is emply,

Let TOP be an infinite sel of printable types, let TO-A be an infinile set of abstract
Lypes, two disjoinl subsels of FO, such that:

WV 1 TOP, dom {1} is an infinite set of symbols;

@V 1e TOA, dom (1} = {D].

2.2.2 Complex Types

The [FO; model ikes into account five type construcioss and makes a distinction between
an exclusive and a non-cxciusive building, Examples with different kinds of complex types
can be fourd in [22)].

2.2.2.1 Aggregation and Composition Tyvpes

Aggregation and composilion represent the aggregation abstraction of semanlis models [12)
defined by the Cartesian producl. 1L is a composition if and only if cach objeci of an
aggregated type occurs enly once in an ohject construction of aggregale Lype.
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Let TOTA be an inlinile set of sggregalion types, let TOTC be an infinke sci of
composition types, two disjoinl subsets of TG, such that:

¥1e TOTA U TF0TC, 3 19,19, ... Ty € TO,n > i, such that

Dom (1) ¢ Obj {11) x Obj (12} x ... x Obj (1),

T is structurally defincd as:
Vo e Obj(1), 30y € Obj{11},09 € Obj (T3}, ..., 0y € Obj (1) such that
o=(d, [0, 02, ... 0q]}:
ift € YOTC then ¥ o' € Obj(t) with g # 0/,
30’y € Obj{ty), 0'g € Obj(19), ... o'y € Obj{(z,) such that
o' = (id", {0'],0'7, .., 0'gD) with ¥ i€ [L.n], 05 ¢ [0'1,0', ..., 0]

2.2.2.2 Collection and Grouping Types
As we have seen in section 2.1, a grouping is a collection with an exclusivity constraint,

Let TOSC be an infinite set of collection types, let TOSG be an infinitc set of
grouping types, two disjoint subscts of 7O, such that:
V 1€ TOSC v TOSG, 3! 7' e TO such that: Dom (1) ¢ P (Obj (1))
where P (Obj (1)) is the powerset of Oby (1),

T is structlurally defined as:
Yoe 0Obj(r), 3 01,09,...0,4 € Ohj{T) such that:
o= (id, {01, 05, ... Ol
ifte TOBG then ¥V ¢' € Obj (x) witho =0,
3 0'y,09,.., 0 € Obj (T} such thau
o' = (d', {0'],0'7, .., 07 )) with Vie |1.nl, 0; 2 [0'],0', .., 0Ll

2.2.2.3 Alternative Types
Stwctarally dillerent 1ypes can be handled in a uniform way through the aliemnative lype
(type union) concepl,

Let TOUT be an infinile set of type union types, a suhset of TQ, such that
¥1e TOUT, 3 17,19, ..., Ty € TO, n > 0 such that:
Doem (1) € Doem (1)) v Dom (19) w ... Dom (Tp),
T 15 structuratly delined as:
Vi, je (l.n] if i#) dhen
Obj (7;) » Obj (‘Ej) =@, 00 (1) = 0b) (13) wOb) (tp) u ... Obj(ty),
with¥ o g Obj(1), 3! k ell..n] suchusio= 0, 0 € Obj{1y).

2.2.3 Represented Types
The definition of rcpresented types takes intle account the muliiple inheritance since a
represented Lype may have several sources.
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Let TOR be an infinite sct of represenied 1ypes, a subset of TQ, such that:

V1e TOR,31 e TO called source of © such that Obj (1) = Obj (1),
with ¥V o € Obj (1), 30'e Obj () such that o =0".

2.2.4 Types
From basic types and constructors, it is possible to define a type, a3 a tree, in a gencral
way.

A type T € TO is a directed trec T = (ST, ET), where ET is 2 set of Lype edpes. T
is such that:
() the set of verlices ST is the disjoint union of cight scis TOP, T0A, TOR,,
TOTA, TOTC, TOSC, TOSG, TOUT;
@i T e TOA then T is rooL of type;
3 priniablc and represented 1ypes arc feaves of the tree,
A type edge between two vertices U and 1 is denoted ET(r—(™)-

An absiract type camol be used in a type building since iis role is (0 describe a real world
entity which is not deflined by its inicrna! structure but by its fragment specilied propertes.
The figure 6 shows a type whose reot s 'Car',

0= (doy 210y s 0y O god)

0= (idco- [owep. O0ces 0 il

arc objects of type Car.

Fig. 6. The Type Car’

2.3 IFO; Fragment

Conventions: we call partal a funciion in which some cicmenls of the domain have no
associaied clements in the codomain. Olherwisc, it is called total. The kind of handleg graph
is: G = {X, U} where the scl of vertices X s the setof types 1 of 70 and the scl of edges
U is composed with: simple edpes (simple fonctions) and complex edges (funclions applied
on & TOSC, called complex {unciions: an imape of an object is a sei). The cdge is called
either partial or iota] i the associated funclion is cither partial or total.

The figure 5 shows four fragments: Person’, "Vehicle', "Engine” and 'Car’,
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An IFQ; fragment is a graph F = (VF, Lp). with Vi the sctof types T of TO and
L the set of fragment links, defined such that:
) there is a direct tree H = (VE, A) such that;
(1.1 the root ol H is called heart of fragmeat;
¢1.2) the source of an cdge is either the heart root or the root of a wrgel
type of a complex edge whose source is the heart root.
) for each edge linking the heart (o a represented Lype, there is a reciprocal wlal

edge.,
The 1FQ, fragment is called by ils hearl.
A fragment hink betwecn two types T and T" is denoted LE(T > T™)-

2.4 IFQO; Schema
An IFO; schema is composcd of n IFO, fragments: Fi, Fg, ..., Fy, n> 0, relaied by IS_A
links according 1o two rules. The figure 5 describes an IFQ, schema.

2.4.1 Specialization Link

Let ©'be a type of TOR and let T be a wype of TO, such that it is the source of T
and a hean of a fragment, the link of head T and queue 1" is called an IS_A link and
denoted LIS_A (v—T)- T is called the source of the IS_A link and ' the wargel,

The figure 7 Wllustrates the specializanon link between "Vehicle' and 'Vehicle_Used',

Source Target

Vehicle .

. Head Queue
Fig. 7. Notalion lor Specialization Link

2.4.2 IFQ; Schema

An IFQ; schema is defined as a direct acyclic praph Gg = (Ss, Ls) with Sg the set
of type T € TO of the graph such that:
(1) Lg is the disjoint union of two seis: Lg_a  (fragment links) and Lg 15 4
(IS_A links); -
@ (S5, Ls_a) 1s a forest of IFO; [ragments, called the JFO, fragments for Gg;
¢} (S5, Lg_1§ ) follows these two schema rules;
@) - there is no 1S_A cycle in the graph;
3.2 - two direcied paths of 1S_A links sharing the same origin can be
exlended W a commaon verex.

The structyral part of [FO; model havieg been defined, we examine how it could be correcied
or adapted by using updale primitives.
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3 Consistent Updates on IFQ Schemia

3.1 Motivation

The problem with schema updales can be summarized as follows: how to modify a given
schema whilst preserving a coherent representation? In other words, our aim is 1o cnsuic tiak
updates retain the schema consisiency, In object models, consisicncy can be classified in
struclural consislency which refers to the static part of the database and in behavioral
consistency relating wilh the dynamic part {28). In our context, we are only intcresied in the
structural casce.

An IFO; schema is a couple (Sg, Lg) where Lg is composed ol both fragment aad [S_A
links but not cvery arbitrary (S, Lg) is a correet schema, Thus, we have (o make sure that
the result of modifications is an updaled schema which verifiey the IFO; schema delinition
{correctness). Models such as Orion, O3, Gemsione, Cocoon and Shorpa give a sci of
gchema intvariants which are conditions that have been satisfied by a valid schema.

Some schema changes are quile sitaple, whereas others need a complete reorganizaiion of the
database. The latlers can oflch be expressed in terms of more clementary changes.

The following laxonomy, fipure &, presents the primitive schema updates in IFO,. This set
is minimal and complete in the sense that all possible schema transformations can be built
up by a cembination of thesc clementary operations (compleleness). A similar taxonomy
can be found in models like Orion, Sherpa and Cocoon. The iwo former give three categorics
of operations: changing class definitions, i.e. instance variables or methods, modifying the
class lattice by changing the relationships belween classes and adding or delcting classes in
thie latlice. As the latter is bascd on types, functions and classes, the schema changes are
respeclively: updating types, updaling fuoctions and updating classes.

() Updating types (2) Updating lragment | (3) Updating IS A links
tinks

(1.1) Add a new object iype | (2.1} Add a mew fragment | (3.1) Add a now 1S_A link
link

(1.2} Delete an object type | {2.2) Deleie a fragment Jink § (3.2) Delewe an 1S_A link

{1.3) Change ar object iype § (2.3) Change the sort of a
(1.3.1) its name Iragment link
(1.3.2) its domain (for
4 primable type)

(1.4) Substituie a type

Fig, 8. Taxonomy ol Possible Updawes in 1FO,

All schema structure changes such as fragrent inserlion inte the dircel acyclic graph, can be
cxpressed by a sequence of basic updaics. For cxample, the fragment ingertion may be donc
by: <(1.1) a 1ype insertion, (3.1} zero or more IS_A link inscrijon and [inally, (3.2) zero or
more IS_A link deletion (in the case of a node wsertion inio the laiice)>.
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All these updates are formally specificd theough the updatc fenctions (insertion and
modification funclions ot schema, on fragment and on wype). Intuitively, in 1FO,, a schema
update is either a type insertion or a type modification in a fragment. The former case is
defined as a type inscrtion which musi be relaled 10 the schema, We can create a fragmenl,
add a Lype to a fragment or relate @ type Lo others. The later update is described with one or
more operations on the concerned (ragmenys which are themselves modilications on types.
Operations Jike inserfion of a sub-type into an existing one, delelion of a ype and
substitution of one type by another arc thus possible. As we have scen, consistent scis have
to be defined to perform only valid updates (for example, a type can be inserled as a sub-
type if and only if the father has alrcady more than one descendant, ie. is an
aggregation/composition/aticrnative Lype).

In the foliowing sections, we present Lhe insertion and modification of Lypes both in an
mformal and formal way.

3.2 Informal Presentation

A schema being composed of 1S_A and fragment links, the Lype inscriion consists of
relating a type to a schema. For example, consider the figure 9 which is a part of the figure
3.

Fig. 9. An IFQ, Fragment Credlion Example

A type inscrtion is delined using a synlax which requires the added Lype and associated links
relating it 10 the schema, The creation of the Tragment 'Car' is donc by inscrlion of the 1ype
‘Car’ and is denoted by (Car, 1). The link set T describes both feagment and 1S_A links
which indicate how the Lype could be inseried inlo a schema. I the added type is a
represented one, the reverse link between the represcnied type and the hearl has 10 belong (0
the fragment link set. [n our example, T is composed of only onc IS_A link (i.c. there is no
fragment link} between Lhe source "Engine’ and the target "Car-Engine’, For the schema, the
sets of vertices, fragment links and IS_A links arc thus incrcasced by Lhe now componeits
defined in the couple (Car, ). In our cxample, we obtain: Sg = [Engine, Power, Reg-
Number) w {Car, Car-Enging, Whecls, Wheel, Body} where Sg is the veriex sct of the
schema Gs; Ls-A = {Engire — Powecr, En;,inc — Reg-Number}® where Lg_ is the
fragment link sci of the schema G und Ly.1§_A = {Car-Engine — Enginc].

* For the purpases of simplification, s link (type edge: I'rd;,mcm or IS_A link) beiween twe type T
and T isdenotedby T > T )

i
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Let us now consider fragmeni modilications which are in luct type modifications.
Intuitively, threc cases have to be taken into considoration: a sub-type insertion, a type
deletion and a type substilution. Such modifications are defined using the following synlax
{p", . p'). A parlial insertion is thus deaoted by {(p”, 0, p') where p" is the veriex and p' is
the inserted type; a deletion is denoted by (p”, p. O) where p is the dropped type and a
substilution is expressed by (p", p. ) where p is lo be replaced by o' A type being
composed by eldges and vertices, a type change modifics these components, We thus examine
the necessary modification propagations for type delction, inscriion and subsiitution,

For example, if the type "Wheels', in ligure 9, is dropped by (Car, Wheels, Q) then type
edges and vertices are updated by deleting the "Wheels' subtype and modilying recursively
edges and vertices from the father of "Wheels' o the rool of Lype *Car'. We thus obtain: VCar
= {Car, Car-Engine, Wheels, Wheel, Body} - (Wheels, Wheel] where Vo is the 'Car’
verlex set and ECay = (Car — Car-Engine, Car — Wheels, Car — Body, Wheels — Wheel)
- [Car — Wheels, Wheels — Wheel) where ECye is the type edge set of the type 'Car’. The
fragment is changed with an update funciion modilving vertices and fragment links, A type
deleiion has o satisly the following property: all 1S_A links whose targel is in (or is) the
defeted type have o be dropped.

The following sub-lype insertion {Car, 0, Roofl-rack} adds the ype "Reol-rack’ in the
hierarchy. The scis of type veriices and Lype edges are thus increased respeciively with "Roof-
rack’ and the link from ‘Car' to 'Roof-rack’. In our example, the sels are ¥YCar = VCur
{Rool-rack} ard EQyr = ECar @ { Car — Rool-rack ). In the same way, il the sub-type (o be
inserted is a represented 1ype, then Whe sol of schema IS_A links is increascd with all the
links whose represented Lype Is Lhe larget. The fragment and schema are updated in the same
way as in the delction case.

MNow consider ihe type substitution which rcplaces a type t by another type i'. For example,
a consequence of {Car, Roof-ruck, Wheels} i5 10 replace, in the hierarchy, the 1ype "Rool-
rack’ by the type "Wheels”. If the substitute is composed of represented typs, the IS_A link
set has 16 be updated. Finally, the vertex sel, the fragment and IS_A links of the schema arc

updated.

These operatiens are carricd ow by using [unctions recursively applied Modif_S,
Modil_F and Muodif_T which update respectively schemas, fragments and Lypes.

3.2 Formal Presentation
To facilitate the reading, the delinitions are illustraled through simple cxamples. We may
note that; an 1FQ; schema @s strecturally consistent o and only if it sausfics the two
following propertics;
(ythere is no IS_A cycle i the graph;
¢z twa direcied paths of IS_A links sharing the same origin can be oxiended 10 a
COMMAN vericx,

3.2.1 Type Imseriions
We deline the insertion function as a type insertion,
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An insertion is a pair Ins = (p, 1) such that;
mpe TO,
@ lis a set of fragments and 15_A links, denoted respectively by 1 and 11S_A.

3.2.1.1 Consistent Type Inscrions
An insertion of a 1ype p into the schema has to be consisient. Informally, the insertion has
to follow the model propertics (each seurce of IS_A link is heart of fragment, there is a
reverse link relating fragment hearl o its represented propeny, ... lor preserving the schema
in a valid state.
An added type in a schema is either an insertion of:
¢y a fragment heart, therefore the set of fragment link is empty or,
¢ a property p of a heart type b, then LJ_[h_,p)' belongs 10 the fragment link set or,
() a property p of a nested [ragment whose heart is T, therefore L (T—sp) s an added
fragment link,

Let Gg = (Ss, Lg) be an IFQ7 schema, ins = {(p;, 1a; v 1S _Aj. i€ [l.n]} bea
sct of type insertions of Gg. [ns i said Lo be consistent if and only if it satislies
the lollowing propertics:
wV {p l} e Ins,

ifpe TOR then

M

IS_A=u L, IS_A(p —sj)” where sje Sg, frugment heart, is the source
=1 of p and m the number of sources of p;

1}
+ WL IS_A(ik — p) Where Ik is the wargel of p through an IS_A

k=0 link and n the number of p targets;
n m
U L) IS_A(tk — sj) ) to deleie old [S_A links of the hicrarchy
k=0 j=1 replaced by the previous adding;

and
either 1A = {L ) (h—p}. L | (p—h)} where h e S is heart of [ragment,
or la =L (T—p) where T € Sy is a type such that Lh(h—T) is a
complex [ragment edge of Lg with h heart of [ragment;
or A =0, * fragmenl creation */

else
m m
s A=w (U Ll_lshA(lj_,skj})whcrc m' is the number of represenicd
k=1 I 1ypes in p, m the number of sources of p
and sk an asseciated source, hearl of fragment;
and

* L is used 10 indicale thal these links arc not siill assecialed o 4 schema.
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ﬂ either 14 = Lj (Tp) where T € Sgis such that T is cither keast of

i fragmeni or Lh(h—T) is acomplex edge in Lg;
! er ia==. ™ fragment creation */

i It

i @(85'=8s v pi.la v Lis_a) foliows ihe two schema rules.
: =

13

i

=

Example: the {ragment crcation, through the type msertion of "Car, is obtained wilh the I’
link set composed by:
A = @, /* There are no properties associated 10 the fragment heart */
HS_A= LJ__IS_A(Car-Enginc—) Engineg). /* The inseried fragment Is linked
through the 1S_A link between ‘Car-Engine’ (a represented type) and "Engine’
(heart of fragment) *i

3.2.1.2 Typz Insertion Function _

Let G§ be Lhe set of 1TFO, schemas and let Ins be the s¢l of consislent iasertions into these
schemas, The result of applying conmsistenl inseriions info an IFQj schema is a new
stryctaral consistent schema oblained as [ollows:

Let G = (Sg, Lg) be an IFOz schema, let Ins = [(pj, 1A W 11S_aj) i€ [L.n}] be
a set of consistent inserlions of G5, The new swuctural consistent IFO; schema,
noled Gs' = (S¢', Lg"), updaicd from GS by Ins, is achicved by applying the insertion
function on each element of Ins. Lei Insert be the schema insertion funetion:
Insert: iy X 1ns - Gs
Ensert (Gg = (Sg, Lg). Ing) = Gs

where Gg'= (S5, Lg'_A v Lg"_IS_A) is such thai:
n n n

Sg'=Sg L pi . Lg A=lyg a4 wlajoand Li1s A=Ls15_A © HS_A;
i=l i=1 =1

Exampie: The type insertion of "Car' updaics the schema compencais as follows:

S5’ ={Engine, Power, Reg-Number} « {Car, Car_Enginc, Wheels, Wheel, Azle, Tyre,
Body, Chassis, Doois, Doorl,

Lg'_A = [Engine — Power, Engine — Reg-Number ],

Ls'.IS_A = {Car_Engine — Enginc}.

3.2.2 Schema Maodilications

We defline & modification which carries out o valid IFQ2 schema from an IFQ; schema and a
maodification sel. We diflerentiate several possible updates and present their result through a
modification lunction.
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Let Father be a funciion with domain and co-domain 7O such that
V¥ 1 eTF0, if 1 is a root of type then Father(t) = O
else Father(1} = T where T is Lhe ascendant of 1.
Let Qutdegree be a [unclion with domain TO and co-domain N such that:
V 1€ 70, Qutdegree (1) is the number of descendants of T

Let F be a fragment, let T be a Lype of F, a modification of F on T is a triple {(p",
P, P} such that

fp=0 thenp"isavertex ol Tand p' € TO
else /* pisaveriexof T* p" = Father(p) and p' = Qorp' e T0.

An update is a partial insertion of a ype if p = O, a deletion il p' = O and it is a
modification otherwisc (p' is 4 1ype). There is an update propagation only if p" is specificd.

Example: The following Uripics pravide modilication examples:
) (Car, O, Roof-rack) inscels the 'Rool-rack’ Lype as subtype of the "Car’ type;
@ (Car, Wheels, 0) drops the "Wheels' sub-type from the ‘Car' wype;
3 {Car, Wheels, Rool-rack) substitutes the ‘Wheels' sub-type by Rool-rack’ ia the 'Car'
type.

3.2.2.1 Consistent Modificatons

Let G§ = {8y, Lg) be an IFOs schema, and M a sct of modilications of Gg. M is
said consistent if and only il it satisfics the following properlies:

n
mM=uM;
i=1
where n is the [ragment number of Gg and M; aa update seL ol Fj such thay:
Y Te Fj, ¥V {" pp)e M;amodilication of Fion T,
if (@, q. 4" € M, is a modification of Fj on T thea (p™, p, P = (9", Q. q@);
#* There i5 a unigue modification per rype */

@y if (O, p, p) is in M, a modification of F, whosc heart is h, and p' is a
represented Lype then Lipp) & LF /* Cuse of reverse links for a represented
type */

< if {p", p, O) is in M, a modilication ol F, whose heart is h,
and Quidegrec(p”) = 2 and Father(p”) = O then if the other descendant of p” isa
represented Lype Lthen L(h_,p"} € LF;

A represenied type is obtained by modification on giher types */

¢4 lhe updated type must verify modc! definitions.

Example: The type insesrtion of a Whecei's "brother” is not possible because the consiraing 4
is not satisfied (a grouping has only one "child").
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3.2.2,2 Modification Funciions

The result of applying consisteni moditications on an IFQh schema is a new struciural

consisternit schema obtained as [oflows:

Let G§ = (85, Ls) be an IFO; schema and let M be a sct of consislent modifications
af Gg. The new structural consisient IFQy schema, noied G5’ = (8¢, L"), updated
fram Gg by M, is achieved by applying the update function on each element of M.
Let Gg be the sot of IFO2 schemas, Iet M be the set of consistent modificalions on
these schemas,

1 Let Modif be the schema modificalion funclion:

Madif: Gg XM - Gg
Moadif (G§ = (Ss, Ly}, M) = Gs'

where Gg' = (3¢, Lg'_A v Lg_iS_a) is such thai;

n
(Ss', Ls"_A) = Modif_F (F;, M;) where n is the fragment nember of

i=1 the scherna;
m »

Ls IS A=Ls IS A - PIL&IS_A. (p—Tj) AP" b, P)e M where p is a represented
= type;
r* deletion of links associated 1o deleted represenied types *i

n om
+ U wls IS_A (k—Tjy where k is the number of represented types
k=0 = whose source is p;

* addition af links 10 1he source of the deleted represented type *i

n
~ wlg IS A (ikop) where k is the number of ex-targets of p;

= P Deletion of the links whose source is the deleted
represented type, ihese types have beern related by the previous set *i

m
- WLs 1S A (1T /{p". p.p} € M where Lis a represeated leal of p:
j=1 P deletion of links asseciaied 1o represenied types
which belong to defeted rypes *i
m
+ wlels A (pTj /0" p.p) € M where p'is a represented type;
J=1 i* addition of links associated 10 added represented types *f
m

+ ULs IS A (> Tjy/P" n. 0) € M where t' is a represented leaf of p';
=Y addition of links associated to represenied types which belong

i¢ added types ¥/
m
- WLIS_A (T—Tj) with T a rcpresented type of Fy (k € {1.o])
=i such that: Modil_F (Fy, M) = 0O},

{* fragmenst deletion */
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Example: The IS_A link bewween 'Car_Engine' and 'Car’ has to be deleted if the 'Car’ type is

dropped.

The fragments are updaled by modilying their veriex and link sets through the lollowing

function. We may nole that the hearl dropping implies the associated fragment deletion,

Let F be the set of IFQ; fragments.

Let Modif_F be the update funciion on fragments:
Modil_F: FXM -
Modi{_F (F = (VF, LE), ME} =

T

where F = (VE, LE) is such that
if (O, hcan_ol_F, 0O)e Mpihen F'= 0

m
clse VP = Modif T (Tj. Mj) where m is the type number of 1he fragment
=1 and M is the sct of modifications of F on the type Tj;

and Lp =Lf- [ LE{Tx—=T} LRT' =Tk) withk € [1.n}/
Madif T (T, My) = Q).

Example: The consegquence of ‘Car-regist’ type dropping is the deletion of the [ragment link

belween 'Car’ and 'Car-Regist'.

The following funclion realizes the Lype updales. IL may be applicd recursively for
aggregation/composition 1ypes wilh 1wo components and collection/grouping types. The

resulting type is an [FO; onc.

Let Modifl T be the update function on types:
Modif_T: TO X M
Modil_T (T = (ST.ET), (", p, P =

{

TJO
T

where T' = (ST, ET% s such that:
if p' = O then * Deletion cuse *f
if p" = 0O then T = O 7* Type rool deletion */
else
il Quidegrec(p™ = 2
then T' = Modil_T (T, (Father(p™), p", 5)} where s is Lhe other descendant of p*
clse
if Outdegree(p™) > 2
then ET"= ET - ET(p"—p) - Epand ST" = ST- §p*
clse
if Qutdepree(p) = |
then T = Modil_T (T, (Father(p"), p". D)

* (Sp. Ep) defines the subtype whose ool is p.
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clse /* Substitution or insertion case ™
if p=0 then ET =ET + ET(p"—»p) + Ep' and ST = 5T + Sp
c,lse, E'I“ = ET - ET(p"__)p) + ET{D"_;p') - Ep + Ep' and ST" = ST +Sp" - Sp.

]
!
[

Exampie: The deletion of the type Tyre' is done with {Whecel, Tyre, 0). As ‘Wheel' is a
compaosilion of two clements, the deletion of "Wheel' would provide an inconsisient type (a
composition of a unique element}. The npdales have thus 1o be sent back in the "Wheel'
father level: (Wheels, Wheel, Axle).

Then, we obtain the lollowiag sets: Ecae’= Ecar - ECar(Wheels— Wheel) +
ECar(Wheels—Axle) 80 SCar'=S¢ur + Saxte - SWheel Where ECar(Wiheels—Wheel) is the
type edge between 'Wheels' and "Wheel” and ECaq(Wheels— Axle) IS the new link beiween
"Wheels’ and 'Axle'. The [ollowing figure shows the updated schema:

Fig. 18. The Resulting Type Afier Type Defetion

4 Conclusion

In this paper, we have formally defined an object model IFO; as wel!l as the funciions which
updale schemas whilst respecting their integrities. The first contribution, that of the IFQ;
whole-objzct, ts the coherenl and rigorous definition ol the component elements of the
model through the object identity concepl. 1FO; integrales constructors, indispensable (o the
development of advanced applications, such as composition and grouping which enabic the
constituant scts o be "physically” taken into account. Its sceomd strengih is the update
functions whick are defined in the same way as the IFO; model concepts. They ensurc the
integrity of the updated schemas. The resull is a coherenl ard formal approach. The
ambiguities and contradictlions are then deiecled and dilferent schemas smay be compared.
Furthermore, in a reusability goal, the security obtained through the consistency of handled
information is crucial.

A first version of the IFO; editor has been currcntly developed under Unix/XWindow
{X11R35}, wiik the help of ithe Ailda/Masai (Voersion 1.5) progsamming environment,
developed in objeci-oriented Le-Lisp (Version 15.24). This cditor, as Hlustred in figure 11,
is made up of three lools:

- a graphical view consisiing of 2n editing panel, a 1ocl panci and a workplace;

- 3 seiection panel of object 1ypes and existing link types;
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- an object editor enabling the 1extual representation of textual objects as well as
information which does not appear in the schema.

T T T T T T T P e o e T T e
i IFO2 GRAPHIC EDITOR B

1T0.IFO2 £ditor

_ohfuet Type

N el Thacle-hied h
! frree T e 1

Lanks,
st i abink 1.4, brrson fboa)
I el foem  Fuhicle |Gout)

i

Fig. 11. The IFO, Editor

The type definition achicved with Lthe editor ate converted by a ransiator in Oy descriptions
(the algorithms can be found in [21]). The descriplions can thus be used in the target
system. They have been implemented in the Oz Database Management System {Version
3.3

To carry out schemas without ambiguities and kacks, and which may be modified and easily
reusable, it is essential 10 have a formal model. Furthermaore, with the development of
modeling and design tools, the users could work only with an inteitive perception of the
formalized concepts. A formal framework thus provides the designers with real help without
constraining them.

The prospects of the prescnted work here begin with the integration of modeliag abilities for
the application dynamic. The conceplual rules associaled with the IFQ; model advocate an
aitribute-oriented modeling and are principaily based on the object behavior. Moreover,
through "process” specification associmed with the fragment, the most suitable optimized
representation can be delermined. The wransfer from a conceptual schema to an optimized one
is then easy. We believe that, dynamic and behavior will be integrated in the model using a
formal approach based on the temporal logic 123, 10). Such an appreach automatically
validates the specificd constraints whilst being casily enderstood by the users.





