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The development of emerging database applications requires a unified environment that should 

include, among others: a model which provides abstract o~ect types coru;trnctors (strnctural and behavioral) and 

extensible types to support multimedia applicatioru;; powerful tools to help the user in the difficult task of modeling 

hlslher applicatioru;, taking into account its schema evolution; and also a tight integration between fue application 

langumge and database constructors to allow ron-time development for database applications. In thls paper we 

present an approach to keep the database integrity during the schema evolution process in an ~ect Management 

System, a research prototype of next - generation database system intended to meet the requi.rements of emerging 

database applications. 
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The mtegration between the ~;oncepts of obj€Ct oriented (0-Q) pwgramming Ianguage and the dataoose 

management system has proved to be weH-suited to such data-intensive apphcation domains as Office Automation 

with hypermedia documents, AI, Goographic Information Systems and CAD/CAM. This technology ís a fact, 

resulting of a countless number of commercial systems in the market, with report success: ONTOS, 02, Versant, 

ObjectStore, and others [KHOS93 j. 

SIGO is an Object Management System (OMS) prototype in development at the Computer Sdence 

Department at IME. lt was conceived to support emerging database applications in a small conñgw:ation 

environment ( PC líke), províding a set of tools to help the end user i.n the compiex t21sk of developíng his/her 

apphcation. This task includes, among others, the application conce~l modelíng and the structural and 

behavioral consistency of objects, which must be automatically assured during the schema evolution process. 

A fust academic prototype has come out in mmch 93, and since then a new develiopment phase has 

begun. From the prototype ex-periences, many of its features were improved, while others were completely 

redesigned. Among fuese we can mention: 

" the 0-0 conceptual modeling interface that controls the database scherna evolution process in order to 

maintain stmctural and behavioral consistency of the objects i.n the database when type definition changes in 

the schema. It is an important and difficult ;uea of investigation, and as far as we are concerned, most of 

cornmercial OODBMS do not take into account the behavioral consistency [KHOS93j LSOL092j [K.IM95j 

[DIIT95]. This means that the conceptual schema is not allowed to change after the database population. 

Being closely clependent of the system data model, it was necessary to define appropriate directives to cope wi.tll 

this process. They were expressed through a set of rules tllat are directly applied to the database during its 

conceptual modeling [GUlM95]. The conceptual schema includes also a set of active rules that me activated 

whenever the schema is updllted (after the database population), i.n mder to keep tlle object integrity; 

<> the object manager, that has acqnired new physical stmctures and access methods. These storage structmes me 

based on the extended relational approach IMOUR95 j. 

In this section we briefly recaU the fundamental concepts which me relevant for om discussion. the 

system cmúiguration is presented in Figure 1, and its functional modules are briefly described as follows : 
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MAME is the user interface that provides the modeling of the real world objects. The modeling process is based on 

an 0.0 semantic network model, that will be described in 2. MACRO is the system module that takes care of the 

<Iata placement, indexing and lruffering. The storage structure is based on the extended relational model and the 

hierarchy structure is implemented according to the class extension strategy [WILL90] [MOUR95]. It means that 

object instances are stored in the dass where they were defined. Each dass is seen as an object, having a surrogate 

identifier, and it is mapped directly into a relation (or table). It maps the abstract object data model onto disk 

representation. MACRO indudes also a special manager to deal with multimedia objects, provid.ing an efficient 

storage and access retrieval [LIMF94]. The Schema Evolution module is based on active rules to provide schema 

evolution, a very important application requirement. LIMOS is the system interactive language [MOC092] that 

provides queries onto the objects. It is based on SQL syntax and it does not provide encapsulation. LIDAS is the 

system programming environment to support user's applications development [MOUR95]. It generates 

automatically a set of methods in C++ for the object creation, retrieval, deletion and manipulation, the important 

step that provides the necessary requirements for the user to develop his/her applications. Finally, the 

hyperdocument system is a module that provides the ability to produce documents [QUAD95] that may be made up 

from sorne oomponents of a conceptual schema or ruso from externa! multimedia components. Documents are 

presented taking into acoount temporal and synchronization aspects that can be specified through a special 

document editor, not presented in this paper. 
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The text is organized as follows: section 2 describes sorne of the main characteristics of the 0-0 data 

model, as the schema evolution integrity is closely tied to it; section 3 defines a set of meaningful directives to 

support schema evolution, exploring the use of active rules to keep the behavioral aspects of the database 

application. Finally, section 4 contains sorne concluding remarks about the system current state, and points out 

sorne issues for future work. 

2- The Object Model Concepts 

SIGO object model is based on a semantic network [ROMO 91 ], whose components may be represented 

through an hierarchical schema (Figure 2), where the are g represents a generalization and the are a an 

aggregation. Objects in SIGO are typed and they are associated to a class, being represented by a pair (identity, 

value). A class groups objects with the same properties (structure and operations), encapsulating data and behavior. 

Every user class defined in a conceptual schema is a subclass of the metaclass Classes that groups all the class 

structure in the system~h class created in SIGO has a unique name andan identifi.er (surrogate type) generated 

by the system. 

The model provides the possibility of including indexes over attributes and specialization constraints, 

defined obligatory in a subclass. 1t associates a condition toan inherited attribute (or attribute), meaning that during 

the subclass population the object will not be created unless the condition is satis:fied by one of the inherited 

attributes. Similarly, primitive and constructor 
ares 
a: aggregatim 
g: generalization 

a 
- mandatoJy 
a 
~---.. 

Figure 2: Ol!ject Dofinition in SIGO 

types are basic types and represent the main class 

components, as they are recursively used to form 

user AOTs (Abstract Object Types). Each primitive 

and constructor type (set, list, tuple) have their own 

group of operations. Primitive types (integer, 

string, real, boolean, data) offer the possibility to 

include two properties: "characteristics", to define 

if the attribute is unique (the same value is not 

allowed), not null, both or none (without 

restriction); and "constraints" that are directly 

applied to the attribute and concatenated by the 

"OR" operator, when necessary. Three sorts of constraints are provided: value, range and state, meaning that the 

user may respectively define to the attribute a specific value, a range ora set ofvalues. 

Long types are available in the system and they also include a list of intrinsic functions that provide 

multimedia object capture and retrieval, concerning image, sound, video and text. Inheritance process in SIGO is 

total, i.e, a subclass inherits all the properties of its superclasses. It supports multiple inheritance, having specific 
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rules to solve conflict problems. The system does not provide any specific data defirution language, as the 

conceptual schema definition is done through a friendly 0-0 interface named MAME, presented in Figure l. It 

allows the user to define his/her classes by specifying their attributes, methods and constraints. 

name 
pho!o(lmege) 

··~ 

~. 
Patient nO anamnes:tS 

9pecialty - (Text) 

Figure 3: An application example 

date 

exam_ 
name result(lmage) 

Figure 3 describes a simple application 

(including multimedia objects), represented 

in the SIGO object model. Person is an 

aggregation (are a) of photo (image type), 

age( integer), name(string) and 

home_address(string). Physician and Patient 

are subdasses of Person and consequently 

inherit aH the Person properties. Similarly, 

class Physician is represented by fhe 

attributes salary (real), specialty (string), 

and office_address (home_address type); 

and class Patient by the attributes 

patient_nO(integer), patient_story(Text) and 

a list (are l) of occurrences of class Medical_Appointment, whlch is an aggregation of date(string), 

oomplaint(voice), Physician(Physician type) anda set of (are s) occurrences of type Exam, wl:rich is also another 

dass, oonstituted by fue attributes exam_name(string) and result(image). AH the classes defined in the conceptual 

schema may become automatically persistent with fue user agreement. 

SIGO conceptual model provides a rich interface that allows the user to specify explidtly and 

interactively many requirements (constraints over classes and attributes, indexes and key properties) not present in 

most existing OODBMS as already mentioned by [DITT95]. In 0 2 [BANC92], Objectstore [SOL092], ORION 

[Kl.M90], for example, fuese specifications may be specified by the use of methods. 

One of fue important requi.rements of the 0-0 applications is schema evolution, i.e, fue ability to 

dynamically make a wide variety of changes to the database schema[BANE87]. Most of the OODBMS 

commercially available today take into account onl.y the strnctural consistency of objects, not allowing changes in 

the schema ::iller fue database population. 

3.1- Rules for Schema .Evol11.tion 

The schema evolution process includes two important aspo--cts regarding the consistenc-y of intentional 

and extensional database components. These aspects are controHed by mechanisms that ensure the database 

integrity as a whole. Zicari in [ZICA91] defines consistency as.follows: 
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• Structural consistency: refers to the static part of the database. 1t assures the correction of the database schema 

graph, i.e, it must be represented by a direct acyclic graph, as well as it ensures that the component description 

of its components (attribute and method name definition, attribute and method scope rules, attribute types and 

method signatures) are compatible. 

• Behavioral consistency: refers to the dynarnic part ofthe database. An 0-0 database is consistent if each method 

respects its signature and if its code does not result in run-time errors or unexpected results. 

However, we consider in this paper another consistency category, named instantiation integrity. lt 

assures that all the class instances satisfy their class definition. This aspect is maintained following one of the 

mechanisms [LECL88] [CA'J!91]: (1) write-once types (the system disallows type modification once instances 

have been created. This is the option taken by most OODBMS [KHOS93] [SOL092]); (2) lazy or deferring 

propagation (the object changes are propagated to the database until they are requested) as in ORION [K1M92]; (3) 

immediate update (the object changes are propagated im.mediately to the database as in the case ofthe GEMSTONE · 

[PENN87]; and through (4) versions (it maintains an historical view of the database during its evolution), as in 

lRIS [FISH87]. In this work, the evolution schema process is carried out over a unique schema using the 

alternatives (2) or (3), according to the update operation executed. 

To assure the structural consistency schema sorne invariants were defined, following the taxonomy 

presented in [BANE87]. They were determined according to the system data model, where the word property in the 

context of this paper means the components associated to a class such as: attributes, methods, characteristics, 

constraints and indexes (see Figure 2). 

The behavioral consistency, concerning the object and method integrity, is carried out by the use of 

active rules, that are associated to the schema update procedures. Active rules are database structures that are able 

to recognize specifi.c events from sorne det~ned condition occurrences. In this case, these rules are triggered 

and consequently they execute sorne actions, according to the paradigm EVENT 1 CONDITION 1 ACTION, where 

the EVENT indicates when a rule is triggered; once it is triggered, the CONDITION is verified and the ACTION is 

executed whenever the condition result is true [CERI94]. The behavioral schema evolution (extended to the objects 

and methods) of each class in SIGO is possible according to the development of sorne procedures: 

• specification of the active rules associated to the object update operation as a result of the schema update 

(updates extended to all sort of properties in a class), as well as the relevant actions concerning the methods 

.directly affected by the changes (an action could be, for example, an attribute replacement); 

• integration of these active rules to all update procedures that are possible in a conceptual scherna in SIGO; 

• the rules are created and stored in a special repository, named active rules repository; 

• the strategies (2) and (3) mentioned before are executed depending on the update operation: the schema 

changes can be immediately propagated (when the operations directly affect the object structure in disk) or 

lazily propagated (when the object update does not modify the object structure in disk, the schema changes 

may be propagated to the objects only when they will be referenced by an update method or object retrievat, for 
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example). In fact, the activation of one ofthese procedures (update or retrieval operation) is the EVENT that 

triggers the action rules. Then. the active rule conditions are evaluated in order to verify if the referen.ced object 

or method belongs to the updated classes. Finally, ifthe condition is evaluated as true, the object or ilie method 

is effectively rnOOified, according to the ACTION defined by the rule in execution. 

The procedures taken for the strnctural and behavioral consistency will be enumerated, taking into 

account sorne important directives [GUIIvl95]: 

l. The graph corresponding to the schema database rnust be ac-yclic, directed an.d colllected. AH the dasses are 

subdasses of the rnetaclass Classes. 

2. All the classes have distinct n.ames, and all the properties (in.herited or defined in the class) are necessary 

distinct. 

3. AH the class properties have a known origin. 

4. A subclass always in.herits all i.ts superdass properties . 

.Besides, sorne rules were provided to ensure the scllema integrity after cllanges i.n a dass: 

" Rules ·for Conffid Resolutnoílil 

Jble 1: 

When a dass creates a property whose name already exists in its superclass, the system will concatenate this new 

property to the name ofthe actual class. 

Rutle 2: / 

When different superclasses llave properties with the same name and origin, they will be inherited only once. 

Rule J: 

When a subclass has superclasses whose properties have the sarne narne but distinct origins, the systern will rename 

them, concatenating their names to their origin classes, so that all ofthem be inherited by the subclass. 

" Rules for Property Choges 

RWe4: 

A property cannot be modified outside its origin dass, except in case of conllict resolution. 

Rule 5: 

When o attribute name or domai.n is changed or when it is deleted from its origin dass, this change must be 

propagated to the methods and indexes that referenciate it. 

" bies for Schema Manipuiation 

IWI.e6: 

A dass A can muy be added to the superdass list of B if A i.s not subclass of .B . 

ll',ule 7: 

In case the class A is removed from the superclass list of B and A it is fue only superclass of B, then B will be made 

:rubclass of an superclasses of A . 

Rule S: 
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When a dass is added to the schema its name must be unique. 

Rule 9: 

A class cannot be removed .from the schema unless it is di.sconnected from the schema graph. A class is considered 

disconnected from the graph when it does not have neither at least two superclasses, nor local.ly defined attributes 

and when it is not component object of another dass. 

3.2- Schema Mampwanon 

Thls section describes the procedures that will be applied to a conceptual schema desigi!l.ed and 

populated in the SIGO envi.romnent, taki.ng into account its structural and behavi.oral consistency. 

1. Chmges iml a dass Cílll!i.tents 

1.1 Attributeg: 

1.1.1 Add an attribu.te to ::~ ch¡¡ss: apply rule 1 

In case of name confl.i.ct, the new variable wiH be renamed, i.e, .its name will be co.ncateill!ted to i.ts class. Each 

object belonging to the dass and subclass exte.nsion wm be added with a value specifí.ed to this new attrioote. Thls 

value may be constant or null if it is not pre-s¡:recified. This o¡:reration may generate temporary inconsistencies to 

the methods defined by the user's apphcatio.ru; which reference metho~ not yet automatically generated by LID.AS 

[MOUR95]. 

1.1.2 Remove an attribute :ll'rom a d®Ss: apply rules 4,5 and 9 

Thls change can only be processed in the dass where the attribute was defined (origin dass) md it wi.l.l be 

propagated to all its subclasses. Each object belonging to the class and su.bdass exte.ru;ion wil.l lose the value 

associated to the removed attribnte. Method.s, indexes and constraints defined in the sul:tdasses wiH al.so be rulfected: 

- method.s and indexes: those which referenced the removed attrioote become invalid and the \!Ser i.s 

imormed of this situation. 

- constraints: in the case when an attribute is a component of a constraint, the su.bdasses of the 

modified class shonld eliminare tllat constraint. 

:U.J Renm¡¡e m attrilllute: apply rules 4 and 5 

The class whlch has that attribute as component from now on will reference it by the new ru~me. This change will 

be pwpagated to all the su.bdasses of the actual class. This. operation has no effect over the objects. The effect of 

this opemtion over the methods is similM to 1.1.2. 

1.1.4 Change the attrii:míe domain: apply rules 4 and 5 

The objects belonging to the class and subdass extension will be added with the values corresponden! to the new 

domaLn, according to the Table l. Nothing happe.ru; to those objects whlc.h reference mother object by an i.de:ntiller 

(oíd). When the object corresponds to a value, a conversion must be explici.tly done. Simi1Mly to the case 1.1.1, a 

null value may be given to the object if another one has not been specified. 

Methods, indexes and constra.ints will be affected by thls change in the following way: 
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~mefuods: those whlch reference the modified attribute become invalid ~nd the user is informed of thls 

siruation. 

-indexes: the attribute is removed ftom fue indexes where it appears as component. If it is the only 

component of an index,. thls one is also removed ftom the class. 

1.1,5 Chag<e con~raints and charl!!deri8tic~ of an attribute: apply rule 4 

Thls change will not affect mefuods md indexes that llave thls attribute as component. Not all fue constraints and 

characteristics update can be executed in the system. The possible changes are showed in the Table 2 and 3, 

respectively: 

Con~rmnts: the objects belongii{g to fue dass and subclass extension may llave a new value to the attribute if they 

do not satisfy fue new constraint This value may be specified or a nuH value may be associated to the attribute. 

Char&cteaimcs: as seen in Figure 2, a characteristic is directly associated to ru1 attribute, that may be unique, mill, 

etc. If one of these attribute properties crumge, aH fue objects belonging to the class md subclass extension may be 

moomed according to tl.'le new chaiacteristic: if the objects satisfy the new cha!racteristic, nothlng happens; 

otherwise a new value is specified for them. 

1.2 Meíbods 

1.2.1 All.d a metbod to a d~s®: 

The same as for attributes (1.1.1). This operation has no effect over fue other methods definedin the dass. 

1.2.2 Remove a method fwom a dass: apply rule 4 

TI!is operation may result incoru;istencies to those methods whlch reference the one removed. 

1.:Ll\ Renmne lll method: 

The same as for attributes (1.1.3). The effect over the methods is similar to 1.2.2. 

1,31 Ilmdexe§ 

11.3.1 Add a imiex toa das§ 

The same as for attribute(l.l.l), now considering the index name. An index stmcture wm be created over the 

attributes belonging to the objects in the class extension. Thls operation has no effect over the methods defined in a 

dass. 

1.3.2 Remove rum index fmm a dass 

This crumge is only possi.ble in the origin·class where fue index was defined. There is no effect over fue objects in 

fue cl.ass and subclass exteru;ion, as wen as over fue methods. 

1.3.3 Ch&nge the n!Wle of a im:i<ell: 

The same as for attributes (1.1.3). Dueto the access and storage structures used in the system (Paradox Engine v. 

3.1, Borland), this operntion is done in two steps: fue existing index stmcture is removed anda new one i.s created 

with ili.e new name according to 1. 3. 1. Thls operation has no effect over the methods defined in a cl.ass. 

1,3.4 Add M attribnt~ to M mdex 
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The attribute must be defined in the index of the origin class. The effect of thls operation over the objects is similar 

to 1.3.3. This operation has no effect over the methods defined in a class. 

1.3.5 Remove an attrilmte from u i.ndex 

The same as in the previous situation. The effect of this operation over the objects is similar to l. 3. 3. Thls operation 

has no effect over the methods defined in a class. 

2. Chuges in the druJs hierarchy (gelller;dization are) 

2.1 Make a das§ S into a superdru~s of a dass Sl: apply rules 2, 3 and 6 

This change cannot happen if the dass S is a subdass of S l. Otherwise the set of Sl properties will be increased 

with those of dass S. The values for the inherited attributes may be defined as in l.l.l. This operation has no effect 

over the methods defined in the class S l. 

2.2 Remove a dass S fmm tll:le superdasglist of the dru~s §1: apply rule 7 

If S is the only superdass of Sl, Sl superdass list wiH be added to the superclasses of S. The properties of Sl whlch 

were directly inherited from S will be removed. If 

the subclasses of S llave any class constraints 

including the removed components then they wiH be 

also removed. This change wiH be propagated to all 

subclasses. For those attributes which are inherited 

from the dass S the effect of thls operation over the 

objects is similar to 1.1.2. Figure 4 illustrates this 

simation. Thls operation has no effect over the 

methods defined in the class S l. 

3. Changes in a da§s 

3.1 Create a new dlil§s: apply rule 8 

A dass is not effectively created in the system un.less 

(01,02) 

class OJ.irurgeon is 
removed from the 
superclasses of 
C...dioiogist _phy¡¡!dst 
It becomes subdass 
ofPhY§icist and 
M.mooPhy¡¡_JJOC. 

Figure 4: A superclass is removoo 

it has a defined attribute or it is a subdass of two or more dasses. This operation has no effect over the objects in 

the dass and subdass extension, as well as over the methods. 

3.2 Remove a dass f:rom the schema: apply rules 7 and 9 

A class that is o~ect component in another one cannot be removed. lf this situation does not happen, the procedure 

2.2 is applied. Being completely disconnected from the graph the dass can be dropped from the schema. Thi.s 

operation results on the removal of aH the existing o~ects in the class being removed. The effect of this operation 

over the methods is similar to operation 2.2, extended to all the subclasses ofthe removed class. 

3.3 Renam.e tine druJ§: apply rule 8 

This operation has no effect over the objects in the class and subclass extension, as well as over the methods. 

4. Migr!:lting mu ol!Jject from a das§ O(origm) to a dass G (goal) 
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The effect of this operation over the objects is similar to the removal and indusion of an object, 

although two constraints must be taken into account: if an object is referenced by another one it cannot migrate; in 

the migration process the objects keep their identifiers ( oids). The migrated objects may keep their values, they may 

receive an initial constant value ora null one (this can happen also for the inherited attributes) or they can even lose 

sorne attributes. Thls procedme is illustrated in Figure 5. Thls operation has no effect over the methods defined in 

the class. 

This paper presented sorne 

aspects of an object manager system in 

development at the Computer Science 

Department at IME, placing emphasis to the 

schema evolution process. Sorne directives 

were established to maintain the schema 

integrity throughout the schema evolution 

process, even after the database population. 

These directives have taken into account the 

structmal and behavioral aspects, according 

to the system 0-0 data modei. The 

behavioral consistency is based on active 

rules, that are activated whenever an update 

office _ address 

' 1 
(01 o)). 

1 '.\_ 

name 
photo(Image) 

home _ address 

a 
Depend 

02 lose<J the attributes 
offire _ ~.¡,¡¡..,, and specialty 
02 receives P3;tie:mt_llll.O and 
.Anru:iruies:is 

~· 
Patient_ nO Anamnesis 

(Text) 
specialty 

'(02) (03) 

Figure 5: An object Migration 

operation is executed. The SIGO prototype is being implemented in C++ on Windows environment for PC. At 

present we are investigating the use of active rules to support fue definition of general rules ( declarative andl 

conoitional ones) during the conceptual schema defurition. 
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Table of Possible Convertions Among Domains 

PRIMITIVES CONSTRUCTORS 
DOMA! N !NT REAL BOOL CHAR DATE LIST TUF'LE SET CLASS OBS 

NEW 
DOMAIN 

INT XX y es y es y es y es no no no no 
REAL ves XX y es ves ves no no no no (4) 
BOOL no 110 XX y es no no no no no 
CHAR y es y es ves XX ves no no no no (4) 
DATE y es y es no y es XX 110 no 1'10 110 (4) 
LIST y es ves no ves ves XX no y es ves (1) 

TUPLE y es y es no y es y es no XX no y es 
SET y es ves no ves ~_es _y es no XX ves _(2)_ 
CLASS y es y es no y es y es no y es no XX 

Table 1 

Table of Possible Convertions Among Constraínts 

CONSTRA!NT NONE V ALU E RANGE STA TE OBS 
NEW 
CONSTRA!NT 

NONE XX y es y es y es (3) 

V ALU E y es y es y es y es (4) 
RANGE y es y es y es y es (4) 
STA TE y es y es y es y es (4) 

Tabie 2 

Table of Possible Convertions Among Characteristícs 

CHARACTERISTIC NOT NULL UNIQUE BOTH NONE OBS 

NEW 
CHARACTERiSTIC 

NOT NULL XX ves y es y es (4) 
UNIQUE no XX y es no 

BOTH no ves XX no 
NONE y es y es y es XX 

Table 3 

(1) in tlle domain modification from set to iist the elements wiil be sort.ed or the list will be 
initialized with a vaiue specified by the user; 

(2) in the domain modification from list to set the duplicated elements will be deleted; 
(3) Keeps the values of the objects; 
(4) In case the existing values do not correspond to the new domain, constraint characteristic, 
the m;er should infonn the new values. 


