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Preface 

The University of Paris-Sorbonne is very proud 10 ho st this year the CAiSE'93 
Conference on Advanced Information Systems Engineering. 

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 Arne 
S~lvberg from the Norwegian Institute of Technology in Trondheim, Norway. Starting 
in 1989 in Stockholm, this series evolves from a Nordic audience 10 a tmly European 
one. AlI these conferences have attracted international papers ofhigh quality and indicat­
ed the need for an international conference on advanced information systems engineering 
1Opics. 

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

The spectmm of the contributions contained in the present proceedings extends from in­
evitable and still controversial issues regarding modeling of information systems, via 
development environments and experiences, 10 various novel views for sorne specific 
aspects of information systems development such as reuse, schema integration, and 
evolution. 

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

A major challenge for any research community is 10 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 committee members and the additional referees. They deserve our 
deepest thanks. 

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

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

J3S - CNRS - URA 1376. Bât. 4 - 250 avenUe A. Einstein 
Sophia Antipolis - 06560 Valbonne - FRANCE 

Tel: (33) 92 94 26 22 - Fax: (33) 92 942898 - E-mail: poncelet@opaline.unice.fr 

Abstract. This paper focuscs on consistent structural updales for abject dalabase 
design and is includcd in a formaI approach· for advanced database modcJing and 
design. This approach is bascd on lhe 1F02 model. an extension of the semantic 
model IFO defined by Abiteboul and Hull. Il preserves the acquired strengths of the 
semantic approaches. whilst imegrating concepts of the object paradigm. 
Structural part of the model including concepts such as alternative. composition. 
grouping for building complcx abjects and semanlics conslraints arc defincd. 
Furthermore. the dcfinilions of consistent updalcs ncccssary 10 modify and perfcct 
JF02 schemas arc formally specificd through change functions. The rcsult is a new 
coherent and formaI approach which is useful in overcoming sorne of the 
difficulties in the specification and design of advanced applications. 

1 Introduction 
Given the evolving complcxily and size of applications. traditional models are proving to 
be restrictive. Indeed. the building of new applications requires more powerful constructors 
and a greater degree of modeling llexibility. Furthermore. the philosophy behind c1assical 
models does not fit in with new development tools - mainly object-oriented [5. 6] and 
extended relational database management systems [1.24]. So. current research work is 
focusing on the definition of new modeling and design approaches able to satisfy the nceds 
ofboth traditional and advanccd applications [7. 8. Il.13,201. 
The presented research work IiLS ioto this contex!. We propose a new approach for which 
the three main aspects are the following: 
(t) a fonnal object model IF02 [21. 22] is defined for advanccd database modeling. 11 is an 
extension of the semantic model IFO proposcd by Abiteboul and Hull [2]. ILS objective is 
actually to reconcile apparently opposed ideas. firstly an optimal data representalÎon and 
secondly a complete real world modeling. 1F02 atlcmpts to preserve the acquired strengills 
of semanlÎc approaches. whilst inLC),'Tating concepts of the object paradigm [4); 
(2) structural update primitives are formally proposcd through changc funclÎons to offer an 
incremental specification of IFOz schemas; 
(3) finally, in order lO design object database schema. a set of transformation rules translates 
an 1F02 sehema into an implementable one. To illustrate lhis conversion. the chosen target 
model is the establishcd 02 one [15) . 

• This work. supported by an Extemal European Research Project in conaboration with Digital 
Equipment. cornes within the scope of a larger project the aim of which is to realize an aided 
system for advanccd application modcling and design. 
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Our approach orfers the user concepts powcrf ul enough 10 achicvc from the rcal world the 
mos! complete specification possible. Ils modcling capabilitics may be compared with 
those of modcling semanlics currcnts [12] railler than objcct-orielllcd models which are not 
expressive enough. lndccd. lF02 proposes the concepts of alternative, composition and 
grouping and explicitly expresses structural semantics constraints (connccLivity and 
cxistency). However, the semantics currcoLS suffer from the lack of concepts (such as objcct 
identity, reusability ... ) which are efficient for advanccd application modeling. Furthermore, 
update facilities are nOl always proposcd, and when they cxist, thcy arc described in an 
intuitive way. 
ln contras! with these approaches, wc integrate, in 1F02, the strcngth of the abject models 
whilst boosting their modeling abilities and respecling indepcndance between the 
specification and target models. Another advantage of our approach is 10 rcducc the dataloss 
due to ambiguous vocabulary, particularly during the transfer bctween the conceptual and 
logical levels. Morcover, this brings about an optimization of the lIanslation fUies of an 
lFOz schema toward target models. 
We maintain thm it is esscmial to have a really rigorous mode! such as IF02_ The abject 
paradigm allows and encourages a modular modeling of the rcal world. Thus, object 
modeling can sometimes look "anarchistic" [27J and thcrcfore difficult to handle. In order 10 
avoid slich problems, a formai approach Icads 10 a schema which is non-ambiguous, 
without cmissions, modifiable and casily rcusable. 

This paper partîcularly focuscs on the structural update facilities provided in our approach. 
They arc crucial for they assisllhe designer in taking real world evolutions inlO account or 
in rectifying a part of his schema without rcdcfining the whole. They also play a part in the 
merging of existing sub-schemas and so they may be seen as one important clement in a 
view-integration process. Ncverthclcss, as mcntioncd carlier, structuml updates have not 
becn examincd with ail the required attention, in semantics modeling approaches. If the 
object models provide database Cvolulion mcchanisms (three trends have becn defined in 
[3D, they do not deal with conccplual schemas, and their objectives differ from ours. 
However, they arc intercsting for they pinpoint two Icvcls which should be taken into 
consideration: the IS_A hierarchy and the composition hicmrchy. For instance, wc may 
quote: 
(I) The Mosaico system whcrc algorilhms arc dcfincd for type insertions in a lallieo [11]; 
(2) The Esse projccl whcre algorithms cnsure consistent updates of an 02 database schema 
[9,28J; 
(3) The Gemstonc [19] and Orion [14J systems, lhe Sherpa [18J, Farandolc2 [3J and Cocoon 
[26] projects where rules for the cvolution schema arc statcd. 

ln the foilowing seclions, wc fifSl dcscribe the structural part of the 1F02 modei and then 
we examine ilS structural updatcs. These two parts arc prcsented both informally and 
formally. 

2 The IF02 Model 
To present the IF02 modcl, wc nrst dcscribc the object and type concepts as weil as the 
different constructors. Wc then expia in the fragment notion and 1F02 schema. 
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2.1 Informai Presentation 
IFOi. is a formai object model which is both type and attribute oriented [13). It adopts the 
philosophy of the semantic model IFO. Two main extensions arc realized. Firstly, an 
explicite definition of the object identifier which is object value independent, is integrated. 
To achieve this, ail manipulated elements of IFO arc re·defined in consideration of the 
object paradigm. Secondly, to fully meet the objectives, the modeling power of IFO must 
be enhanced. Then, the concepts of alternative, composition and grouping for building 
complex objects have becn inte!,'Tatcd. Connectivity and existency constraints are explicitly 
specified. 
In the IF02 model, an object has a unique identifier which is independent of its value. 
Furthermore, the domain oC a type dcscribes possible values for its objects. The figure 1 
shows the components of the type 'Name'. 

Object Type 

..... 
Type Domain 

Name 

..... String [20) 

0N!= (id NI' 'THIBAULT) 

~ 
Objects of Type 0N2= (idN2, 'HUGO') 

Fig. 1. Objecl Type Example 

There arc three basic types (shown in the figure 2): 
(1) a prin table type (TOP), uscd for 1/0 application (Input/Output arc therefore 
environment-dependent: String, Integer, Picture, Sound, ... ), which arc comparable to 
attribute type in the Entity/Relationship modcl [25J; 
(2) an abstract type (TOA) which would be perceived as entity in the Entity/Relationship 
model; 
(3) a represented type (TOR) which allows the handling of another type through the IS_A 
speeialization link. This concept is pmticularly interesting when considering modularity and 
reusability goals. The designer may deCer a type description or entrust it to somebody cise, 
while using this type for modcling a pan of the application schema. 

TOP 
Power 1 

TOA TOR 

Fig. 2. Rasic Type Examplcs 

!FOz takes into account five constructors: 
(1) aggregation and composition: they represent the tupie constructor of objcct modcls 
with an exclusive constraint for the composition (an object can take part in a unique 
construction); 
(2) collection and grouping: they r.epresent the set-of constructor of object models with 
an exclusive constraint for the grouping; 
(3) union type (alternative): it allows the handling in the same way of structurally 
different types. This constructor represents the IS_A generalization link enhanced with a 
disjunction constraint bctwccn the genemlized types. 
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No/alion: 

@ ® @ ® œ 
AggrcgaLion Composition Collection Grouping Union Type 

Fig. 3. Type Cons truc tors 

These constructors can be rccursivcly applicd aceording to specificd mies for building more 
complex types. For example (see the figure 3), 'Addrcss' is buill from 'Street', 'Number' and 
'Zipcode' types and 'Whcc!s' is composcd with the 'Wheel' type obtained from 'Axle' and 
'Tyre' types. 

Types rould be linked by functions (simple, complex (Le. multi-valucd), partial (O:N link) 
or total (l:N Iink» through the fragment concept. The aim of the fragment is to describe 
properties (attributes) of the principal type caUcd hearl. The figure 4 describcs the fragment 
of heart 'Person' having 'Name', 'Address' and 'Vchicle' as properties. For caeh vehicle 
associated ta a person, there is a commet insu rance number, this is called a nested fragment. 
Firstnames are not a/ways known for a persan . 

--,~'t®lti TOla! and Cornplex Function ........... i11i'® Panial and Complcx Function 

___ ~ .. ~ TOlal and Simple Function .. ···· .. ········· .. ···11"· l'art;al and Simple Function 

Fig. 4. The Fragment 'Persan' 

The objects involved in tlle description of heart objects arc describcd in the fragment 
instance. The latter is achievcd as follows: a function maps eaen he3Tt object into property 
values (objects of other fragment types). From Ihe fragment instance, wc define for each 
fragment type its attached objccts, Inhcriwl1cc is then defined in a formai and generic way. 

Finally, an 1FOz schema is a sel of fragmenis rclatcd by iS_A links according 10 IWO mies. 
The IS_A link in the 1F02 model is the specialization link of the semantics models [12]. Il 
represents either Ihe subtyping (inhcrilance) if the larget is a fragment hcart or the 
clicnl/supplier concept fl6 J. 
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A schema instance is obtained by the union of associated fragment instances. These 
instances follow property propagation (through the attached heart objccts) via the IS_A link 
(the represented type inherits the heart description). The figure 5 illustrates one IF02 
schema made up of four fragments 'Person', 'Vehicle', 'Car' and 'Engine'. They are linked 
with IS_A links through the reprcsentcd types ('Vehicle_Used', 'V_Car', 'Truck_Engine' and 
'Car_Engine'). 

1 Capacity 

Truck 

Body 

Notalion: "'""'"""'\ .. 
IS_A Link 

Fig. S. An IF02 Schema 

The mOSl original aspccl of IF02 is lhaL il draws upon both clements which may be said 
conceptual such as fragmenL~ and represenled lypes, and implementable such as object 
idenlifiers. The case of multiple inherilancc is a special case given tha! atlhe conceplual 
leveJ no conOicls are involvcd while a! lhe syslem level ail conOicLS generalcd are expliciLly 
processed. We have scen lhat IF02 inheritance may be multiple but does not require any 
prior management. The conlliCls are processed according LO lhe target model while the 
translation rules are delincd. Another advanlage of IF02 is the way il can modulale and muse 
parts of schema Ihal have been developed Ihrough the fragment concept. Therefore, il is 
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possible Lü focus on only one part of the schema whilc reusing, !hrough rcprcscmcd types, 
the already defincd and validatcd componcms. 
The fragment concept represcms anothcr advamagc of IF02: namcly, !he case of inlcgr,lting 
application dynamic Ihrough this structure. Il cnablcs Ihe bchavior of Ihe heart type 10 be 
described nalurally and above aH makcs il possible for bchavior 10 be inherited through 
represented types. 
Finally, IFÛ2 is lolally independcnt in relalion 10 implementable models, while providing 
an case of transformation fuie definilion loward differcnt models due to ilS genericÎlY. The 
translation of an IF02 schema into an Oz schema is a prime example of lhis. The formaI 
rule definitions rcduce data-Ioss and misintcrprctation. 

In the next section, wc propose part of Ihc formai definitions which describe Ihe introduced 
concepts. Instance and attached object concepLS arc not prcsenled in Ihis paper, :he interesled 
rcader can reEer lO [21,22]. 

2.2 Object and Type 
Each object has an identifier indepcndcnt of iLS value. Wc necd then lO dcfinc Ihc concepts of 
value and identifier domains. 

~ 
'TO is an infinite set of objectlypes such [hat: Ti 1 E 'TO, Dom (1:) is an infini le set 
of symbols, including the emply set, callcd the value domain of t, Did (t) is an 
infinite sel of symbols called lhe identifier domain of t. Objects of lype t are 
defined by a pair (id, value) such lhat: 

Ti 0 = (id, value) and 0' = (id', value') of type t, (id, id') E Did(t)2 with id ~ id' and 

(value, value') E Dom (1:)2. The infinile set of abjects of type t is called Obj (, ). 

2.2.1 Printable and Abstract Types 
An abstract type aCluafly reprcsents an enlily wilhout internaI structure but nevertheless 
identifiable and having properLics, hence ilS value domain is empty. 

Let 'TOP be an infinile set of printablc types, leI 'TOA. be an infinilc sel of abslract 

types, IWO disjoint SUbSClS of 'JO, such thm: 

(I) Ti 1: E 'TOP, dom (1:) is an infinilc sel of symbols; 

(2) Ti te 'TOA., dom (1:) = (0). 

2.2.2 Complex Types 
The 1F02 model takes into aecount Cive type construelors and makes a distinction bctween 
an exclusive and a non-exclusivc building. Examplcs wilh difîeront kinds of complex types 
can be found in [22]. 

2.22.1 Aggregalion and Composition Types 
Aggregation and composition reprcscnt the aggrcgation abstraction of semanlÎc models [12J 
defined by the Cartesian product. [[ is a composition if and only if each object of an 
aggregated type occurs onl)' once in an object construction o[ aggregate type. 
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Let TOT A be an infinite set of aggregation types, let TOTe be an infinite set of 

composition types, two disjoint subsets of TO, such that: 

'TI 1: E TOTA u TOTe, 3 1:1,1:2, ... , 1:n E TO, n > l, such that: 
Dom (1:)!:; Obj (1:1) x Obj (1:2) x ... x Obj (1:n), 
1: is structurallydefincd as: 
'TI 0 E Obj (1:), 301 E Obj (1:1), 02 E Obj (1:2), ... , on E Obj (tn) snch that: 
0= (id, [01,02, ... , on]); 

if 1: E TOTe then 'TI 0' E Obj( t) with 0 * o', 
30'1 E Obj(1:I)' 0'2 E Obj(t2) ..... o'n E Obj(1:n) such that: 
o· = (id'. [0'1,0'2 ..... o'n]) with 'TI i E [l..n], 0i e {0·1. 0'2, ... , o·n}· 

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 TOSe be an infinite set of collection types, let TOSa be an infinite set of 

grouping types, two disjoint subscts orTO. such that: 

'TI t E Tose u Tosa. 3 ! " E TO such that: Dom (,) k P(Obj (t» 

where P (Obj (t'» is the powerset or Obj (t). 
1: is structurally defincd as: 
'TI 0 E Obj (1:). 3 01.02, ... , on E Obj (t') such that: 
0= (id. (ol' 02, ... , on)); 

if 1: E Tosa then 'TI o· E Obj (t) with 0 * o'. 
3 0'1.0'2 .... , o'n E Obj (t') such that: 
o· = (id'. (0'1,0'2 ..... o'n}) with 'TI i E [Ln), 0i e (0'1.0'2 ..... o·n). 

2.2.2.3 Alternative Types 
Stucturally differenl types can be handlcd in a uniform way through the alternative type 
(type union) concept. 

Let TOUT be an infinite set of type union types. a subsct orTO. such that: 

'TI t E TOUT, 3 TI. T2' ... , 'n E TO. n > 0 such that: 
Dom (,) !:; Dom (tl) u Dom (T2) u ... u Dom (tn), 
1: is structurally derined as: 
'TI i, j E (LnJ ir i * j thcn 
Obj (ti) n Obj (Tj) = 0. Obj (t) = Obj (tl) u Obj (TV u ... u Obj (tn). 
with'TI 0 E Obj (t), 3! k E Il..nJ such as: 0 = Ok. Ok E Obj (tk)' 

2.2.3 Represented Types 
The definition of rcprcsented types takes inLO account the multiple inheritance since a 
representcd type may have several sources. 
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Let TOR. be an infinite set of represented types, a SUbSCI orTO, sucb lha!: 

'<11: E TOR., 3 1:' E TO called source of 1: such !hm Obj ('1:) = Obj (1:'), 
wiÛl '<10 E Obj (t), 3 0' E Obj (t') such Ûlal 0 = 0'. 

2.2.4 Types 
From basic lypes and constructors, it is possible to definc a type, as a tree, in a gencral 
way: 

A type T E TO is a directed tree T = (ST, ET), where ET is a set of lype edgcs. T 
is such thal: 

(1) Ûle set of vertices ST is Ûle disjoint union of eighl sets 'TOP, TOÀ, TOR., 

TOTÀ, TOTe, TOSe, Tosa, TOUT; 

(2) if TE TOÀ the" T is roOI of type; 
(3) printablc and rcpresenlcd lypes arc lcaves of Ûle lIee. 

A type cdgc bclwccn IWO verticcs l'and tU is dcnolcd ET(I'-7t'} 

An abstracl lype cannot be used in a type building sincc its role is to describe a real world 
entity which is not dcfincd by its interna! structure but by its fragment spccified properties. 
The figure 6 shows a type whosc root is 'Car'. 

Car 

Whecls 

Whcel 

Fi~. 6. The Type 'Car' 

2.3 1FOz Fragm en 1 
Conventions: we cal! partial il runc!Îon in which some clements of the domain have no 
associated elements in the codomain. Olhcrwise, il is called tOlal. The kind of handled graph 

is: G = (X, U) whcrc Ûle set of vertices X is the sel of types T of TO and the set of edges 
U is composed wilh: simple edgcs (simple functions) and complex cdges (fu!1Clions applied 

on a TOSe, called complex [unclions: an image of an abject is a sel). The cdge is callcd 
eithcr partial or total if the associatcd f unction is cither partial or tolal. 
The figure 5 shows four fragments: 'Pcrson', 'Ychicle', 'Engine' and 'Car'. 
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An 1F02 fragment is a graph F = (VF. LF). with VF the set of types T of TO and 
LF the set of fragment links. defined such thal: 

(1) there is a direct tree H = (VF. A) such thal: 
(1.1) the root of H is called heart of fragment; 
(1.2) the source of an edge is either the heart root or the root of a target 
type of a complex edge whose source is the hcart root. 

(2) for each edge lin king the hcart to a represented type. therc is a reciprocal lOtal 
edge. 

The 1F02 fragment is called by ilS hcart. 
A fragment link between two types T and TU is denoted LF(T'~T'). 

2.4 IF02 Schema 
An IF02 schema is composed of n 1F02 fragments: FI' F2 •...• Fn. n > O. related by IS_A 
links according lO two mies. The figure 5 describes an IF02 schéma. 

2.4.1 Specialization Link 

Let "t' be a type of TOR and let T be a type of TO. such thal it is the source oft' 
and a heart of a fragment. the link of head T and queue t' is called an IS _A link and 
denotcd LIS_A (t'~T). T is called the source of the IS_A link and t' the target. 

The figure 7 illustrates the spccialization link bctween 'Vehicle' and 'Vehiclc_Used'. 

Source Target 

Vehicle ([)~ ,~ 
•• ' , , Head Queue 

Fig. 7. Notation for Spccializalion Link 

2.4.2 IF02 Schema 

An IF02 schema is defined as a direct acyclic graph G S = (Ss, Ls) with Ss the set 

of type T E TO of the gruph such thm: 
(1) Ls is the disjoint union of two sets: LS_A (fragment links) and Ls_IS A 
(IS_A links); -
(2) (Ss. LS_A) is a forest of 1F02 fragments. called the 1F02 fragments for GS; 
(3) (Ss, LS_IS A) follows these two schema mies: 

(3.1) • there is no IS_A cycle in Ùle graph; 
(3.2) • two directed paths of IS_A links sharing the same origin can be 
extended lO a common vertex. 

The structural part of IF02 model having bccn delïned, we examine how it could be corrected 
or adapted by using update primitives. 
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3 Consistent Updates on IF02 Schema 

3.1 Motivation 
The problem with schema updates can be summarizcd as follows: how 10 modify a given 
schema whilst preserving a coherent rcprcsentation? ln other words, our aim is to cnsurc thm 
updatcs retain the schema COllsislcncy. ln object models, consistcncy can oc classified in 
structural consislency which rerers 10 the statie part of the database and in behavioral 
consistency relating with the dynamic part [28]. In our contcxt, wc are.only interested in the 
structural case. 

An 1F02 schema is a couple (Ss, Ls) whcrc Ls is composed of both fragment and IS_A 
links but not every arbitrary (Ss, Ls) is a correct schema. Thus, we have to make sure lhm 
the result of modifications is an updated schema which verifies the IFOz schema dcfinition 
(correctness). Models such as Orion, 02, Gemstone, Cocoon and Sherpa give a set of 
schema invariants which are conditions [hat have becn satisficd bya valid schema. 

Sorne schema changes are quile simple, whcrcas others need a complete rcorganization of the 
data base. The lauers can often be expresscd in tcrms of more clcmcnlary changes. 
The foilowing taxonomy, figure 8, presents the primitive schema updales in 1F02' This set 
is minimal and complete in the sense (hat ail possible schema transformations can be built 
up by a combination of thesc elementary operations (comple/eness). A similar taxonomy 
can be round in models like Orion, Sherpa and Cocoon. The two former givc three categories 
of operations: changing c1ass dcfinilions, i.e. instance variables or methods, modifying the 
class lattiee by changing the rclationships bctwcen classes and adding or dcleling classes in 
the lattice. As the laller is based on lypes, funetions and classes, the schema changes are 
respectively: updating lypes, updating funclions and updaling classes. 

(1) Updating types (2) Updating fragment (3) Updating IS_A links 
links 

1 (1.1) Add a new object type (2.1) Add a ncw fragment (3.1) Add a ncw IS_A link 
link 1 

1 (1.2) Delele an objccllypC (2.2) Delctc a fragment Iink (3.2) Dclclc an 1S A link 

(1.3) Change an object type (2.3) Change the son of a 

(1.3.l) ilS name fragment link 

(1.3.2) its domain (for 

a prin table type) 

(l.4) Substitute a type 

Fig. 8. Taxonomy of Possible Updalcs in IF02 

Ali schema structure changes such as fragment insertion inlO the direct acyclic graph, can be 
expressed by a sequence of basic updalCs. For cxamplc, the fragment insertion may oc donc 
by: <CU) a type insertion, (3.1) zero or morc IS_A link inscnion and lïnally, (3.2) zero or 
more IS_A link delction (in the case of anode Insenion into the lanice». 
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Ali these updates are formally specified through the update functions (insertion and 
modification functions on schema, on fragment and on type). Intuitively, in IF02, a schema 
update is either a type insertion or a type modification in a fragment. The former case is 
defined as a type insertion which must be related 10 the schema. We can create a fragment, 
add a type to a fragment or rclate a type 10 others. The latter update is described with one or 
more operations on the conccrncd fragments which arc themselves modifications on types. 
Operations Iike insertion of a sub-type into an existing one, deletion of a type and 
substitution of one type by another arc thus possible. As we have seen, consistent sets have 
to be defined to perform only valid updates (for example, a type can be inserted as a sub­
type if and only if the father has already more th an one descendant, i.e. is an 
aggregation/com posi tion/al tcrnative type i. 

ln the following sections, we present the insertion and modification of types both in an 
informai and formai way. 

3.2 Informai Presentation 
A schema being composed of IS_A and fragment links, the type insertion consists of 
relating a type to a schema. For example, consider the figure 9 which is a part of the figure 
5. 

Car 

Fig. 9. An IF02 Fragment Creation Examplc 

A type insertion is defined using a syntax which requires the addcd type and associated links 
reIating it tO the schema. The creation of the fragment 'Car' is done by insertion of the type 
'Car' and is denoted by (Car, 1). The Iink set '1' describes both fragment and IS_A links 
which indicate how the type could be inserted into a schema. If the added type is a 
represented one, the reverse link bctween the represcntcd type and the hcart has 10 belong to 
the fragmentlink set. In our examplc, T is composcd of only one IS_A link (i.e. there is no 
fragment link) between the source 'Engine' and the target 'Car-Enginc'. For the schema, the 
sets of vertices, fragment links and IS_A links are thus incrcascd by the new components 
defined in the couple (Car, 1). In our example, we obtain: Ss = (Engine, Power, Reg­
Number) u (Car, Car-Engine, Whecls, Wheel, Body) where Ss is the vertex set of the 
schema OS; LS-A = (Engine -) Power, Engine -) Reg-Number)* where Ls-A is the 
fragment Iink set of the schema GS and Ls-IS_A~· (Car-Engine -) Engine). 

'* For the purposcs of simplification. a link (type cdgc; fragmenL or lS_A link) bCLwecn Iwo type T 
and T' is denoled by T -> T'. 
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Let us now consider fragment modifications which arc in fael type modifications. 
lntuitively, threc cases have 10 be Laken inlo consideration: a sub-type insertion, a type 
deletion and a type substitution. Such modifications are dcfined using Ille following symax 
(p", p, p'). A partial insertion is thus dcnotcd by (p", D, p') whcre p" is Ille vertex and p' is 
the inserted type; a dclction is dcnotcd by (P", p, D) whcrc p is Ille dropped lype and a 
substitution is expressed by (p", p, p') where p is to he rcplaced by p'. A type being 
composed by edges and vertices, a Iypc change modifies IIlcsc componenLS. Wc lIlus examine 
the necessary modification propagations for lype dclction, insertion and substitution. 

For example, if tne type 'Wheels', in figure 9, is dropped by (Car, Whcels, 0) then type 
edges and vertices are updaled by delcting the 'Whcels' subtype and modifying recursively 
edges and vertices [rom Ille failler of 'Whccls' to the roOl of lype 'Car', Wc lIlus obtain: VCar 
= (Car, Car-Engine, Wheels, Whccl, Body) - [Whcels, Whccl) whcre VCaf is the 'Car' 
vertex set and ECar = [Car -> Car-Engine, Car -> Whccls, Car -> Body, Whccls -> Whcel) 
- (Car -> Whccls, Whccls -> Whccl) whcrc ECar is Ille Lype cdgc set of the lype 'Car'. The 
fragment is changed willl an updalc function modifying vcniccs and fragment links. A type 
deletion has ta smisfy the following propcrty: ail IS_A links whose target is in (or is) the 
deleted Iype have ta he dropped. 

The following sub-type insertion (Car, 0, Roof-rack) adds the type 'Roof-rack' in the 
hierarchy. The selS of type verticcs and type cdgcs arc lIlus increascd rcspcctivcly willl 'Roof­
rack' and the link from 'Car' to 'Roof-rack'. In our example, the sets are VCar = VCaf U 

(Roof-rack) and ECar = Ecar U ( Car -> Roof-mck]. In Ille same way, if Ille sub-type to he 
insertcd is a rcprescntcd lype, th en the set of schema IS_A links is increascd wilh aIl the 
links whosc reprcsented type is the targel. The fragment and schema are updated in the sarne 
way as in the delction case. 

Now consider the type substitution which replaces a lype 1 by anolher lype L'. For example, 
a consequence of (Car, Roof-rack, Whccls) is LO replace, in the hicmrchy, the type 'Roof­
rack' by Ille type 'Whecls'. If the subslilutc is composed of represcntcd type, the IS_A link 
set has ta be updated. FinaUy. the vertex sel, the fragment and IS_A links of the schema are 
updated. 

These operations are carricd out by using funclions rccursivcly applicd Modif S. 
Modif _F and ModiC T which update rcspeclivcly schemas, fragments and lypes. -

3.2 Formai Presentation 
To facilitate Ille rcading, Ille definiüons arc illustratcd lhrough simple cxample5. Wc may 
notc that: an IFOz schema i5 structurally consistent if and only if il salis fics the IWO 

following propertics: 
(1) therc i5 no lS_A cycle in the graph; 
(2) Iwo dircctcd paths of IS_A links sharing the same origin can he cxtcndcd 10 a 
common vertex. 

3.2.1 Type Insertions 
We define the insertion funclion as a type insertion. 
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An insertion is a pair Ins = (p, 1) such that: 
(I)PE 'JO; 
(2) 1 is a set of fragments and IS_A links, denoted respectively by lA and liS_A-

3.2.1.1 Consistent Type Insertions 
An insertion of a type pinto the schema has to he consistent. Informally, the insertion has 
to follow tbe model properties (each source of IS_A link is heart of fragment, there is a 
reverse link relating fragment heart to iLS represented propcrty, ... ) for preserving the schema 
in a valid stale. 
An added type in a sehema is either an insertion of: 

(1) a fragment heart, therefore the set of fragmentlink is empty or, 
(2) a property p of a hearttype h, then L ~(h-tp)' bclongs to the fragmentlink set or, 
(3) a property p of a nested fragment whose heart is T, therefore L ~(T -tp) ;s an added 
fragment link. 

Let GS = (Ss, Ls) be an IFOz schema, Ins = (Pi, lAi uliS_Ai)' i E [l..n)) be a 
set of type insertions of GS. Ins i~ said to be consistent if and only if it satisfies 
the following propertics: 
(1) "1 (p, 1) E Ins, 

if p E 'JOR then 
m 

IIS_A= u L ~ IS_A(p -t sj)' whcre sj E Ss, fragment heurt, is the source 

and 

else 

j=l - of p and m the number of sources of p; 
n 

+ u L ~ IS_A(tk -t p) where tk is thc target of p through an IS_A 
k=û - link and n the number of p targets; 
n m 
u (u L ~ IS_A(tk -t sj) ) to delete old IS_A links of the hierarchy 

k=O j= 1 - replaccd by the previous adding; 

cither lA = (L ~(h-tp), L ~(p-th») where h E Ss is heart of fragment; 
or lA = L ~(T -tp) where T E Ss is a type such that Lh(h-tT) is a 

complex I"ragment edge of Ls with h hean of fragment; 
or lA = 0; /* fragment crealion */ 

m' m 
lIS_A = u (u L ~ IS_A(tj-tskj)wherc m' is the numher of reprcsenLCd 

k=1 j=1 - types in p, m the number of sources of p 
and Skj an associated source, heurt of fragment; 

and 

• ..L is used ta indicatc that thcsc links arc not still associalcd lo a schema. 
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either lA = L J..<T -7p) wherc T E 5s is such [hat T is eithcr hcan of 
fragment or Lh(h-71) is acomplex edge in Ls; 

or lA'" 0. 1* fragmem crea/ion */ 
n 

(2) (55' = 55 U Pi, lA u LIS Al follows the Iwo schema mies. 
i=] -

Example: the fragment creation, through the type insertion of 'Car', is obtaincd wiLh the T 
link sel composed by: 

lA = 0.1* There are no proper/ies associa/cd ta thefragmenl hearl *1 

IIS_A = L J._I5_A(Car-Enginc-7 Engine). /* The inserted fragment is linked 
Ihrough the IS A link be/Ween 'Car-Enginc' (a represen/ed type) and 'Engine' 
(hear/ offragmënt) */ 

3.2.1.2 Type Insertion FuncLion 
Let GS be the set of IF02 schemas and let Ins be the set of consistent insertions into lhese 
schemas. The result of applying consistent insertions into an IF02 schema is a new 
structural consistent schema oblaincd as follows: 

Let GS = (Ss; Lsl be an IF02 schema, ICllns = [(Pi,IAi ulIS_Ai), i E (l..n]] he 
a sel of consistent insertions of GS. The new structural consistent 1F02 schema, 
noted GS' = (Ss', Ls'), updaled from GS by los, is achievcd by applying the insertion 
function on each element of los. Let 1 nsert be Lbe schema insertion function: 

n 
Ss' = Ss u Pi 

;=1 

Insert: œS X 1.ns -7 aS 
Insert (Gs = (55, Ls), los) = GS' 

n 
Ls'_A = Ls_A u lAi and 

i=1 

n 
Ls'_IS_A = Ls IS A uliS_Ai' 

i=l 

Example: The type insertion of 'Car' updatcs Lbe schema componenls as fol!ows: 
5s' =[Engine, Power, Rcg-Numher] u {Car, Car_Enginc, Whecls, Whcc!, Axlc, Tyre, 
Body, Chassis, Doors, Door j, 
LS'_A = [Enginc -7 Power, Engine -7 Reg-Numbcrj, 
Ls'-1S_A = (Car_Engine -7 Engine J. 

3.2.2 Schema Modifications 
Wc define a modification which carries out a valid [F02 schema from an 1F02 schema and a 
modification set. We differenlialc several possible updates aod prescnt their resul, through a 
modification function. 
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Let Father be a function with domain and co-domain 'JO such that: 

V 1: E 'JO, if 1: is a root of type then Father(1:) = 0 
else Father(1:) = 1:' where 1:' is the ascendant of 1:. 

Let Outdegree be a funcLÎon with domain 'JO and co-domain IN such that: 

V 1: E 'JO, Outdegree (1:) is the numbcr of descendants of 't. 

Let F be a fragment, let T be a type of F, a modification of F on T is a triplc (p", 
p, p') such that: 

if p = 0 then p" is a vertex of T and p' E 'JO 

else '* p is a vertex ofT */ p" = Father(p) and p' = 0 or p' E 'JO. 

An update is a partial insertion of a type if p = 0, a deletion if p' = 0 and it is a 
modificaLÎon otherwise (p' is a type). There is an updale propagation only if p" is specifjed. 

Example: The following triples pro vide modification examples: 
(1) (Car, 0, Roof-rack) inscrts the 'Roof-rack' type as subtype of the 'Car' type; 
(2) (Car, Wheels, 0) drops the 'Whcels' sub-type from the 'Car' type; 
(3) (Car, Wheels, Roof-rack) subsLÎtutes the 'Wheels' sub-type by 'Roof-rack' in the 'Car' 
type. 

3.2.2.1 ConsislCnt Modifications 

Let Os = (Ss, Ls) be an IF02 schema, and M a set of modifications of OS. M is 
said cnnsistent if and only if it saLÎsfies the following properties: 

n 
(1) M =VMi 

i=1 

wherc n is the fmgment number of GS and Mi an update set of Fi 5uch that: 
V T E Fi, V (p", p, p') E Mi a modification of Fi on T, 
if (q", q, q') E Mi is a modification of Fi on T then (p", p, p') = (q", q, q'); '* There is a unique modification per type *' 

(2) if (D, p, p') is in M, a modification of F, whose heart is h, and p' is a 
representcd type then L(h-)p) E LF. '* Ca,e o(reverse links for a represenled 

type *' 
(3) if (p", p, 0) is in M, a modification of F, whose hcart is h, 
and OuLdegrce(p") = 2 and Father(p") = 0 thcn if the other descendant of p" is a 
representcd type then L(h-)p") E LF; 

'*A represented type is obruined by modification on other types *' 
(4) the updalCd type must verify model definitions. 

Example: The type inserLÎon of a Whcel's "brother" is not possible beeause the constraint 4 
is not satisfied (a grouping has only one "child"). 
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3.2.2.2 Modification Funclions 
The resu!t of applying consistent modifications on an !F02 schema is a Ilew structurai 
consistent schema ohtaincd as follows: 

Let GS = (Ss. Ls) bc an 1FOz schema and let M he a sel of consistent modifications 
of GS. The new structural consistent 1F02 schema. oaled GS' = (Ss', Ls'), updalcd 
from GS hy M, is achieved hy applying !he updalc functian on cach elcmelll of M. 
Let GS be the set of IFOz schemas,lct M be !he set of consistelll modifications on 
these schemas. 
Let MadiC be the schema modification function: 

Modif: aS x 1'1. -? as 
Modif (GS = (Ss, Ls), M) = GS' 

where GS' = (Ss', Ls'_A u Ls'_IS_A) is such t!Jal: 
n 

(Ss', LS'_A) = u Modif_F (Fi, Mi) where n is the fragment Ilumbcr of 
Î= 1 the schema; 

and 
m 

Ls'_IS_A = Ls_IS_A - u Ls.-IS_A (p-?Tj) ((p", p, p')e M where p is a represented 
j=1 type; 
1* de/elion of links associated 10 deleted represented types */ 

n m 
+ u ( u Ls.-IS_A (tk-?Tj» where k is the numbcr of represcnted types 

k=O j= 1 whosc source is p; 
1* addilion of links la the source of the dele/cd represented type *1 

n 
- u Ls.-IS_A (tk-?p) whcre k is the numbcr of CX-largcts of p; 

k=O /* Deletion of the links whose source is the de/e/cd 
represented type, Ihase types have been related by the previous set */ 

m 
- u Ls.-IS_A (l-?Tj) 1 (p", p, p') e M wherc 1 is a represemed Icafof p; 

j= J 1* de/clion of links associa/cd la represenled types 
which belong 10 deletcd Iypes "1 

m 
+ ~ Ls_IS_A (p'-?Tj) I(p", p, pÎ e M whcrc p' is a represemed type; 

J= 1 /* addition of links associated la added represented types *1 
m 

+ u LS-!S_A (l'-?Tj) I(p", p, p') e M whcre [' is a represented leaf oCp'; 
j= 1 /* addition of links associa/cd to represenied types which belong 

la added types * / 
m 

- u LIS_A CT -7Tf) with Ta reprcsentcd type ofFk (k E [Ln]) 

j=l such that: Modif] (FI;, Mk) = Dl. 
1* fragment delelion */ 
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Example: The IS_A link belween 'CacEngine' and 'Car' has to bc deleted if the 'Car' type is 
dropped. 

The fragments are updated by modifying their vertex and link sets through the following 
function. We may note that the hcarl dropping implies the assoeiated fragment delelion. 

Let F bc the sel of 1F02 fragments. 
Let Modif_ F be the update function on fragments: 

Modif_F: l' X n 
ModiCF (F = (VF, LF), MF) 

where F = (VF, LF) is such thal: 
if (O. hearl_oCF, 0) E MF lhen F' = 0 

m 

= 
l' 
F 

else VF = u Modif_T (Tjo Mj) where mis lhe lype number of the fragment 

j= 1 and M j is lhe sel of modifications of F on the type Tj; 

and LF = LF - ( LF(Tk~T'), LF(T'~Tk) with k E [1..n] / 
Modif_T (Tk. Mk) = Dl· 

Example: The consequence of 'Car-regisL' lype dropping is the deletion of the fragment link 
bctween 'Car' and 'Car-RegisL'. 

The following function realizes the lype updates. Il may be applied recursively for 
aggregation/composition lypes wilh lwO componcnts and collection/grouping lypes. The 
resulting type is an IF02 one. 

Let Modif_T be the updale function on lypes: 
Modir 'l': TO X n 
ModiCT (T = (ST, ET), (p", p, p'» 

where T' = (ST', ET') is such lhal: 
if p' = 0 then /* De/elion case */ 

if p" = 0 then T' = 0 /* Type rool de/clion */ 
cise 

if OUldegrce(p") = 2 

~ 'JO 
T' 

then T' = ModiC T (T, (Falhcr(p"), p", s)) whcre s is the other deseendant of p" 
else 

if Outdegrcc(p") > 2 
then ET' = ET - ET(p"~p) - Epand ST' = ST - Sp' 
else 

if Outdegrce(p") = 1 
then T' = ModiC T (T, (Falher(p"). p", 0»; 

• (Sp' Epl derines the sublype whosc ro()l is p. 
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else 1* Substitution or insertion case */ 
if p'" 0 then ET = ET + ET(p"~p') + Ep' and ST = ST + Sp' 
else ET = ET - ET(p" -tp) + ET(p" -;\p') - Ep + Ep' and ST' = ST +Sp' - Sp. 

Example: The deletion of Ùle type Tyre' is done wiÙl (Wheel, Tyec, 0). As 'Wheel' is a 
composition of two clements, the dclction of 'Whccl' wou Id provide an inconsislem type (a 
composition of a unique clemenl). The updales have thus to be sen! back in the 'Wheel' 
father level: (Wheels. Wheel, Axle). 
Then, we oolain the following selS: ECar'= ECar - ECar(Whec!s-> Wheel) + 
ECar(Whecls->Axle) and SCar'=SCar + SAxie - SWhecl wherc EC.r(Wheels .... Whcel) is Ùle 
type edge between 'Wheels' and 'Whecl' and EC.r(Wheels->Axlc) is the new link between 
Wheels' and 'Axle'. The following figure shows lIle updalcd schema: 

Car 

fig. Hl. The Rcsulting Type Arler Type Deietion 

4 Conclusion 
ln lhis paper, we have formally defincd an object modcllF02 as well as the funclions which 
updale schemas wnitsi rcspecting their inlegrilics. The fifSl cOl1lribUlion, lhal of the 1FOz 
whole-objecl, is the coherent and rigorous dcfinition of lhe componenl clements of lhe 
model Ùlrough lIle object idemily concept. lFOz intcgralcs conslruclOfS, indispensable to the 
developmenl of advanccd applications, such as composition and grouping which enabic the 
constituant selS 10 be "physically· taken inlo account. ils second slIcnglh is the update 
funclions which are dcfincd in the same way as Ihe IF02 mode! concepts. They ensure the 
integrily of the updated schemas. The cesult is a coherent and formai approach. The 
ambiguities and contradictions arc lhen dCleclcd and diffcrcnt schemas may be compared. 
Furthermore, in a reusability goal, the securily obtaincd lhrough lhe consislcflcy of handled 
information is crucial. 

A firs! version of the !FOz cditor !las becn currcnlly dcvclopcd under Unix/XWindow 
(XllR5), with Ihe help of the Aida/Masai (Version 1.5) programming environ ment, 
developcd in object-oricntcd Le-Lisp (Version 15.24). This cditor, as illustred in figure Il, 
is made up of lhree lools: 

- a graphical vicw consisling of an cditing pancl, a too! pancl and a workplace; 
- a selection panel of object lypes and cxisting link types; 
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- an object editor enabling the tex tuai representation of textual objects as weil as 
infonnation which does not appear in the schema. 

Fig. 11. The 11'02 Edilor 

The type definition achieved with the editor are converted by a translator in 02 descriptions 
(the algorithms can be round in [21]). The descriptions can thus bc used in the target 
system. They have been implcmented in the 02 Database Management System (Version 
3.3). 

To carry out schemas without ambiguities and lacks, and which may be modified and easily 
reusable, it is essential to have a formai mode!. Furthermore, with the development of 
modeling and design tools, the users could work only with an intuitive perception of the 
fonnalized concepts. A formai Cramework thus provides the designers with rcal help without 
constraining \hem. 

The prospects of the presentcd work here begin with the integration of modeling abilities for 
the application dynamic. The conceptual mies associatcd with the IF02 model advocate an 
attribute-oriented modeling and are principally based on the object behavior. Moreover, 
through "process" specification associated with the fragment, the most suitable optimized 
representation can bc determined. The tnlllsfer From a conccptual schcma to an optimized one 
is then easy. We believe that, dynamic and behavior will bc integrated in the model using a 
fonnal approach based on the temporal logic [23, 10]. Such an approach automatically 
validates the specificd constraints whilst being easily understood by the users. 

: 
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