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ABSTRACT

DESIGN AND IMPLEMENTATION
OF
AN OBJECT ORIENTED DATABASE MANAGEMENT SYSTEM KERNEL

OKAY, Tansel
M.S. in Computer Engineering
Supervisor: Prof. Dr. Asuman DOGAC

September, 1993, 115 pages

With the increasing ability of computers to store, transfer and process
huge amounts of different kinds of information(i.e., image ,voice), software
developers are forced to design and implement extensible database management

systems which can operate on dynamically defined objects.

With this work, namely, MOOD Kernel, an extensible Object Oriented
Database Management System Kernel, which can operate on dynamically defined
multi-media objects as well as conventional textual information, is designed and

implemented as a part of the MOOD(METU Object-oriented DBMS) project.

MOOD Kemel is based on Exodus Storage Manager(ESM). Therefore
some of the kernel functions like concurrency control, crash recovery and storage

management are readily provided by the ESM.



The Kernel functions implemented in this thesis, that supports dynamic
schema modification, are catalog management and dynamic function definition and

linking.
MOQOD Kernel is integrated with MOODSQL,that is, the object-oriented

SQL of MOOD, MOODVIEW, graphical user interface of MOOD and MOOD
Algebra.

Keywords: Object-Oriented Databases, Database Kernel, Late Binding, Object
Orientation, Catalog Management, Extensibility

Science Code : 619.02.02
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NESNEYE YONELIK VERI TABANI YONETIM SiSTEMi CEKIRDEGI

TASARIMI VE GERCEKLESTIRILMSI

OKAY, Tansel
Yiiksek Lisans Tezi, Bilgisayar Miihendisligi Anabilim Dal1
Tez yoneticisi: Prof. Dr. Asuman DOGAC

Eyliil, 1993, 115 sayfa

Bilgisayarlarin bilgi saklama, transfer etme ve igleme kapasitelerindeki hizh artig
yeni veri tiplerinin giindeme gelmesini (goriintii, ses) saglamustir.Boylece yazilim
geligtirenler dinamik olarak tamimlanan nesneler iizerine g¢aligan, genigletilebilir veri

tabani tonetim sistemleri tasarlamak ve gergeklestirmek ihtiyacim duymuglardir.

Bu ¢aligmada , MOOD Cekirdek birimi, yani genigletilebilir bir nesneye yonelik
veri taban1 yonetim cekirdedi gelistirilmigtir. Gelistirilen g¢ekirdek, dinamik olarak
tanimlanan veri yapilari(goriintii, ses) iizerinde caligabildigi gibi 6nceden kullanilan
karakter veriler iizerinde de galigabilmektedir. Bu proje MOOD( ODTU nesneye yonelik

veri tabani y6netim sistemi)’nin bir pargasi olarak gelistirilmigtir.



MOOD gekirdek birimi EXODUS(ESM) depolama yoneticisi kullanilarak
gergeklestirilmigtir, bunun igin bazi veri tabant islemleri, Srnefiin eyzamanllik

kontrolu, hata diizeltici, depolama yonetimi ESM tarafindan saglanmaktadlr.'

Bu tezde gergeklestirilen ¢ekirdek fonksiyonlari, dinamik yap1 degisikligi,
katalog yﬁnctim‘i ve dinamik alt program tanunlanmast ve baglantisini

saglanmaktadir.

MOOD Cekirdek birimi, MOODSQL(nesneye yonelik sorgulama birimi),
MOODVIEW(Kullanict ara birimi) ve MOOD Algebra birimleri ile entegre edi]mi§

ve ¢alistr durumdadir.

-

Anahtar Kelimeler: Nesneye yonelik veri tabanlari, Veri tabam g¢ekirdegi, Sonradan

baglants, Katalog Yonetimi, genigletilebilirlik.

Bilim dal1 sayisal kodu: 619.02.02
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CHAPTER1

INTRODUCTION

i
L

A database kernel has been designed and implemented as a part of
MOOD(METU Object-Oriented DBMS) project.

The research on object-oriented DBMSs is currently very active and
several experimental prototypes and commercial systems have been implemented.
However there are several research problems in this area yet to be investigated, like
query optimization , dynamic method definition, invocation, and optimization of
method execution. Some of the important prototypes and commercial systems are as

follows:

The OODBMS products are GemStone, IDB Object Database, Itasca,
Matisse, 02, Objectivity/DB, ObjectStore, Ontos DB, POET, and Versant. The object

oriented languages are Eiffel and C++.

1.1 Object Oriented World

A software system constitutes a model of the real world and contains
specific information needed in an application{1,2]. Hence, the process of software

development can be viewed as the process of building an accurate model of the real-



world situation at hand[3]. Since the complexity of software is increasing, a lot of
research activities took place on the development of models that naturally and directly
reflect the user's conception of the real world at hand[4]. Such a model which ease
the task of modeller as-well-as the user system interaction, accelerates the process of
software development as a whole. One of the many research directions that have
emerged in the last few years with the purpose of achieving this goal circles around

the concept of object-orientation.

1.2 User Point of View of Object-Orientation

The aim in technological improvements is to ease the life of ordinary
people. A TV-set owner does not bother with the technology inside the TV-set;
he/she just wants to use it easily. Object orientation will be explained through a TV-

set example,

A TV-set has some common characteristics from object orientation point

of view.

e Identity,
e Attributes ,

¢ Methods.

Identity of a TV-set is trademark, product model etc., along with being a

TV-set object; which is an instance of a large class of TVs.



Attributes of a TV-set are color, audio volume, channel frequency etc.,

whose values or states can be changed by methods of TV-set object.

Methods are the producer supported user interface to change the values or
states of attributes of TV-set object, which are implemented to be as simple as

possible.

With this abstraction, a TV-set is an object of TV class which has some
basic attributes known by everybody and these attributes can be changed with use of

user interface methods which are implemented to be as simple as possible.

Therefore a user is supposed to know the functionality and common
attributes of a class of objects (i.e., TV-set, car, radio etc. ) in order to be able to use

them according to his/her needs.

Computer systems with their increasing ability on user interaction (i.e.,
multi-media) are volunteers to be one of the above large class of objects in use by

ordinary man.

1.3 Requirements of Object Oriented DBMS Kernel

Conventional Database systems like ORACLE or INFORMIX are being
used for textual information storage and retrieval for a long time. Systems that are
implemented for storing data textually can not meet the requirements of much of the

organizations today. Since the hardware technology enabled computers to store,



transfer and process huge amounts of data, the data types used by organizations are

changing.

The power of object oriented database systems lie in their capability to
store, retrieve and operate on dynamically defined data types. Whereas conventional
database systems have some limited basic data types and far from meeting today's

requirements,

An example will be helpful to explain the main difference between object
oriented database systems and conventional ones. User of an object oriented database
system can define a new class called MAP to the system and also define some
operations (methods) on this class, such as locating a point on the map. MAP class
may have some textual information along with the image of a map. The user now is
able to store different maps in the system and perform the queries on those maps by
using his/her methods defined for the class MAP. Whereas this is not possible on
conventional database systems , which have some predefined functions for their basic

data types, and those functions are not extensible.

An Object Oriented Database ( OODB ) Kernel should support
functionality's such as dynamic definition of new data types (i.e., classes) and methods
(i.e., functions ) for the manipulation of data types described above.

1.4 Outline of The Study

This thesis is organized as follows:



An overview of MOOD Kernel will be given in Chapter II. An overview
of the object-oriented concepts will be presented in Chapter ITI. Chapter III also gives
a comparative analysis of the implementation of the object-oriented concepts in
current systems. The design and implementation of the catalog management in
MOOD is described in Chapter IV. Dynamic Function Linker (DFL) design and
implementation, which makes MOOD Kemel a dynamically reconfigurable system,

will be discussed in Chapter V. Conclusion will be given in Chapter V1.



CHAPTER 11

OVERVIEW OF MOOD THE KERNEL

The commercial relational DBMSs like INFORMIX and ORACLE
provide kernels ( INFORMIX On-line engine[5] and ORACLE kemel[6D that

support the following functions:

* management of storage and definition of data,
e controlling and limiting data access and
concurrency,
e allowing backup and recovery of data,
e interpreting SQL statements.
Above commercial systems support catalog management for handling data

representations at run-time.

The main problem in designing a kernel for an object-oriented DBMS is
the late binding of methods or dynamic configuration change. Since database .
environment enforces run-time modification of schema and objects, late binding is

essential. Some of the possible solutions to this problem are as follows:

The first alternative is building a system which uses a persistent language (

i.e., C*[7] ) as a base language. All other interfaces generate persistent language



source as their output. These sources are compiled externally. The compiled programs’

may be executed separately, or may be activated by using a dynamic linker(dld).

The disadvantage of this alternative is that it is completely contradictory
to the object-oriented paradigm and the nature of the database system. The advantzigé

is to be able to use the full power of a programming language (i.e., C++).

The second alternative is to use a full language interpreter (e.g., a C++
interpreter ) and extend it with DBMS functionality. The main problem of this
alternative is the performance decrease of the system due to interpretation. The

advantage is again to be able to use the full power of programming language ( C++:I).

A third alternative is proposed in this thesis, where there is a division of
labor between a SQL interpreter and C++ compiler. In this approach there is a
uniform SQL-based interface in accessing the database, and the SQL statements are
interpreted by the Kernel. But the member functions of the classes ( or types ) are not
interp‘reted. They are compiled with C++ and used by SQL interpreter through a
dynamic function linker. The advantage of this approach is that the interpretation of
the functions are avoided increasing the efficiency of the system.

A database kernel is implemented by using above approach as a part of
Metu Object Oriented DBMS ( MOOD ) project. MOOD also has a SQL like object-
oriented query language. MOOD data types are derived from C++ data types qﬁd
therefore there is no impedance mismatch.

In this implementation a tool kit system EXODUS (8] storage manager

(ESM) is used in which following functionalities are readily provided;



» management of storage,
» controlling and limiting data access and concurrency,

e allowing backup and recovery of data.
Additional functions implemented by the MOOD kernel are

e interpreting SQL statements ,

» definition of data.

SQL interpreter , handling of the data definition ( catalog management)

and dynamic function linking will be described in next three sections.

2.1 SQL interpreter ( MOODSQL )
MOODSQL is responsible from :

e optimization of MOODSQL queries,
e Interpretation of arithmetic and boolean expressions,

e Dynamic definition and linking of member functions.

MOODSQL interpreter cooperates with the MOOD catalog manager and
the MOOD dynamic function linker. SQL syntax is enriched to support MOOD data
model. As an example, MOODSQL supports path expressions which are not

supported by the standard SQL:

MOODSQL> select e.dept.floor o



> ©_ from employee ¢

where the employee class contains a reference to department class trough

dept attribute.

As well as supporting simple type of queries, MOODSQL supports

composite expression evaluation with dynamic function linking. As an example :

MOODSQL> select e.ename

> from employee ¢
> where e.raise_salary(0).3) < 2000000 and
, > e.dept="CC";

where raise_salary is a method of employee class which raises the salary

-

of employee.

2.2 An Overview of Handling Data Definition

In MOOD, data can be defined through MOOD data definition language
or through C++. When data is defined through MOOD data definition language, the
definitions are stored in the Catalog and a C++ header file is created for future use by
dynamic function linker. C++ preprocessor (Cfront) is modified such that it extracts
the catalog information and stores into the Catalog.

The basic types supported by the MOOD are Char, Boolean, Integer,

Float, Double and* String. The type constructors are Tuple, Set, List, and Ref. Any

9
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complex type may be created by using basic types and recursive application of the

type constructors.

Any type ( or Class ) in the system has a unique type identifier an(xi' a
name. The functions typeld(char *typeName) and typeName( int typeld) return type

identifier and name of the type (or class ) respectively.

Differences between a type and a class from the implementation point of

view are;

¢ Clasges have a default extent(storage) that contains the related instances
» Instances of the classes can be shared through their object identifiers,
» Values which are instances of types have copy semantic,

e Classes are organized into a class lattice.

The catalog contains the definition of classes, types, and member
functions in a structure similar to a compiler symbol table. In order to achieve late
binding at run time, it is necessary to carry compile time information to run time. This
is accomplished by the use of the classes MoodsType, MoodsAttribute and
MoodsFunction and their supported methods. The MoodsType class keeps track of all
the types used in the system. The MoodsAttribute stores the information about
attributes of classes. The MoodsFunction class keep information about member -
functions. All of these classes are called system classes. 'lmplemcntation of these

classes are described in Chapter V.

10



2.3 An Overview of Dynamic Function Definition and Linking

The power of object oriented applications lie in allowing the dynamic
schema changes. This can be achieved by interpreting the code as it is done in,
Smalltalk[9], where a user can add classes at any time by using existing classes' -

characteristics. The created class, is a part of the whole system ( i.e.,schema of system

changes dynamically ).

Another way to change system schema is to add a class and recompile the
whole system to link the class's member functions to the new system. This, however

causes the system fo be unavailable for a time period .

With the approach in this thesis a user can define classes and member
functions through SQL interpreter. Methods of classes are defined in C++ language.
A method obtains class definition from the class header file automatically. This
implementation leads to dynamic schema changes without recompilation or
interpretation. The only cost is the preprocessing and compilation of the deﬁged

functions. An example of dynamic function definition and linking is given below.
Dynamic function definition:
MOODSQL> create function "function-C++-source-file" ;
since function source has class name in its definition (C++ syntax), this

information is extracted and stored into the catalog while making some preprocessing

on the function.



Thus a member function defined for a class can be called through an SQL

query immediately after its definition.

12



CHAPTER Il

AN OVERVIEW AND CLASSIFICATION OF OBJECT ORIENTED SYSTEMS

In[10], the object-oriented concepts has been defined and the existing
object-oriented systems has been classified according to how each system has
implemented these concepts. This work created an excellent resource to compare the
object-oriented concepts implemented in the MOOD system with other

implementations and to put MOOD system into a perspective.

3.1 Objects and their Properties

The Entity-Relationship data model, modelled the universe of discourse to

consist of entities and relationships. An entity has the following characteristics:

e it is identifiable,
¢ it is relevant ( of interest),

¢ it is describable, i.e. have characteristics.

The prime characteristics of entities refer to their state ( or value ).
Entities may also have some meuaningful relationships® with other entities for
organizational point of view. Furthermore, activities (i.c. operations on entities) occur

over time, resulting changes to the entities’ states and to their interrelationships. Both



the entity states and the activities are subject to constraints which more precisely

define the characteristics, thereby distinguishing ‘reality’ from other possible

worlds{11].
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Figure 3.1 State-oriented view of modeling

The state oriented view of the world given in Figure 3.1{10], shows the
conceptual primitives, i.e., entities, having descriptive, operational, and organizational
characteristics as ;nentioned above. By means of the modeling process, each entity
relevant to the current universe of discourse is represented by a corresponding object
in the model. Thus, when talking in terms of the mini-world model, the notion of -

object is used as the symbolic representation of a real world entity.
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Objects have the following properties:

¢ Declarative properties are used for descriptive purposes, e.g. attributes.
* Procedural properties are applied for operational purposes,e.g.methods.
¢ Structural properties are employed for organizational organizational

purposes. They represent relationships among entities e.g., abstractions

3.2 Object Specification

A tree-like classification scheme is used to express the building rules of
the object specifications as shown in Figure 3.2[10]. Each criterion of classification is
given on the left side of the Figure. Sometimes it is not possible to classify a system
uniquely because it has different versions , hence classifications made from this péint

on may have different systems shown at the leaf level.
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Figurc 3.2 Concept terrain for objects

At the first level of the tree, declarative propertics of the systems arc
compared. Since there is no system, which does not support attribute definitions, -
known up to now,and it is shown with a question mark on Figure 3.2,

L4

Object identification level of the trece shows whelher object identity is
supported or not [12). Object identification implics that an object has a valid objcc‘t" -
identificr(OID) as long ‘as the object exists and that it is ncither updatetable or
reusable. Apart from CODASYL approach ( and its databasc kcy conccpl[lS])‘
conventional data models [14] and straightforward extensions (c.g., NF2 {15,16]) do ,

not have OID concept.
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Procedural properties introduce the alternative of having methods
attached to objects or not. Methods are either system or user defined procedures that

provide access to the attributes of a either user or system defined defined object, i.e.,

to all information within an object.

Object encapsulation meuns there is no other way to access or change
object attributes except through methods defined on the object, i.e., if there is no
method defined for updating an attribute of the object , that attribute can not be

updated. Here is an exaifiple from C++:

class TV {
private:
unsigned volume;
) unsigned frequency;
public:
set_volume( unsigned Pvolume ) {
volume = Pvolume ;
s
set_frequency( unsigned Pfrequency ) {
frequency = Pfrequency;
) |
h

This is an encapsulated class , in which attributes volume and frequency
can be changed only by set_volume and set_frequency methods defined for the class.

Note that attributes of the class are defined as private and therefore it is not possible
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to make assignments to these attributes. However member functions are defined as

public and can thus be called any time after creating an instance of class TV.

main () {
TV my_tv(); // An instance of class created.

my_tv.volume = 100 ; // this is not allowed.

If the object concept does support methods, but not object identification,
it is not possible to implement encapsulation since there would be no way to address
an object, in other words, if the object can not be located , it is meaningless to support
methods for that object, since system can not locate specific object to apply method.
Therefore encapsulation is not possible in this case.

Encapsulation concerns both attributes and methods, but in a different
way. Also, encapsulation can be total or partial. In the case of methods, systems may
have only public methods or may allow to declare some of them private; total
encapsulation does not make sense. Attributes are either all hidden or can be made
visible selectively; the case where all attributes are explicitly accessible implies "no
encapsulation".The fact that whether attributes are hidden by default and can be made
visible( through an "export" or "public” declaration, as in Eiffel{17], ONTOS[18], and
C++[19], respectively), or whether they are accessible by default and can be hidden

(AIM[20]); is not distinguished. If there are visible attributes, types of access can also
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be read only or update. While a C++ public attribute can not be write-protected, Eiffel

exported attributes cannot be modified. Only O2[21] offers both of the alternatives.

3.4 Attributes: declarative properties

Classifications of the object-oriented systems according to attribute

definition is given in Figure 3.3.

altribites

aspect
description

renge of use

onl .
type specyif ication geng;‘ aulsgange

o relational model o KRISYS.KEE
© POSTGRES, GemStone, 02,MQ0OD © ORION, Iris
O C++Eiffel, ONTOS o MAD .

Figure 3.3 Attribute specification

Aspects are defined as facilities to specify some constraints on declarative
properties such as possible values, default, cardinality, etc. They can be used only to

specify an attribute's type as it is in the case of systems with typed attributes (e.g., the
relational model, C++, ONTOS, POSTGRES[22], GemStone and MOOD). Here, it is

not distinguished whether the type specification is optional , as in the case of
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GemStone, or whether it is mandatory as in the case of MOOD or C++. Through
aspects it is also possible to explicitly define integrity constraints. For example, for
cardinality restrictions, default values, user-defined specifications, can be defined as in

the case of ORION[23].

3.5 Methods: procedural properties

Methods are defined for protection (encapsulation) of the declarative
properties of objects from being read and manipulated in an arbitrary way.
Furthermore, methods provide more abstract and problem oriented ways of working

with objects.

If methods are used for accessing object properties, this guarantees
consistent state trinsitions supposing that methods work correctly. Objects hide the
number of internal attributes and storage representations from outside world in, this
manner.

A method can also send messages to other methods, which is a 'vefy
powerfull mechanism. But if misused, there is a disadvantage in calling a mctl;od
within a method. Since, state changes may propagate through network of objects in an
uncontrollable manner. Therefore the user, who writes method code should be very

careful in considering the side-effects.
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Figure 3.4 Concept terrain for Methods and Binding

As depicted in Figure 3.4[10], changes on methods can be made either at
run-time or offline. Run-time changes mean that, a method -code can be changed,
inserted and deleted by the run-time system. Whereas, with offline changes,
operations on methods described above can only be performed in some other state of

the system (i.e., development state, uncompiled state etc.).

Method identification mechanisms of the systems may also differ in F';{he
naming or overloading of method names. Some systems restricts name of mcthod:e to |
be unique, whereas others may accept methods with the same name to the system.
C++ has the facility of overloading, i.e. two methods of a class can take same name,
with different number or type of parameters. Systems having overloading facility use

some techniques to name methods. As an example C++ uses the signature concept,
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which changes name of the method by appending class name (on which the method is
defined) , parameter types and return type to the signature of the method and

identifies method with this signature throughout the system.

One of the important aspect of method invocation is binding, which
describes the process of locating the procedure code of an object method, given a
class and a method name. The binding can be achieved at compile time(‘early-binding’)

or run-time('late-bindin g).

If modification and binding of methods is handled at run-time(late-
binding), implementation should support expression type of parameters to be passed

to the methods.

3.6 Object Abstractions: structural properties

Abstraction means the representation of relations between objects. Object
oriented data models propose terms such as class, set, aggregate etc. to construct

relationships between objects.

Real world objects can be classified according to their properties. The
basic unit of structural properties, that is, classes will be described in the next sectlon
The set and aggregate structures of the object oriented paradigm will be dlswssed in

sections 3.7 and 3.8.
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3.6.1 Classes

Classification is the simplest grouping method for object specification.
With this abstraction, classes provide generic information in the model by allowing to
refer objects are the members of the same class as a prototype or as a representative.
For example, EMPLOYEE class may be introduced to the system which holds
comimon information about all employees(instances) of a company.i.e., each employee
of the company has same instance variables and methods such as age, salary, position

etc.

3.6.1.1 Handling Classes in a Model

Object-oriented designs consider classes in two different ways. The first
category of systeins limit the class definition as the type specification for objects
derived from the class, i.c., all attributes and constraints defined by the class must be -
pertinent and applicable to all instances of the class. With this approach, the object
relationship to classes is mandatory as shown in Figure 3.5. In the second approach,
classes, like any other defined object in the system, are ordinary objects. With this

approach, relationship of objects to classes can be optional as well as mandatory.

If the behavior of instances is determined by classes, all instances must
act in the same way, consequently modifications of methods must be prohibited since .
methods are related with all instances. But if classes have only the role of specification |-
of the interface of methods, changes on methods do not conflict with this semantic of -

classification and may be allowed.
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Figure 3.5 Object Classes and their relationship to instances

If relationship of object to a class is optional, such systems are classified
according to their object definition's degree of freedom from class definitions. Some
of the systems permit objects change class definitions by keeping class semantics such
as O2 and KRISYS[24] , but others let objects make any kind of change on class

specifications as in KEE.

Most of the DB systems use classes as meta-data or type definitions and
objects belonging to those classes as instances. With this approach class definitions or
meta-data refer to DB-schema and instances or data refer the DB data. The relation

between classes and instances in the above semantic is 1:n.
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If an instance holds characteristics of more than one class, the
relationship between classes and instances is said to be n:m, systems like Iris[25] and

KRISYS have this characteristic as shown in Figure 3.5.

3.6.2 Class Hierarchies and Inheritance
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Figure 3.6 Class hierarchies

-

In modelling objects with classification, modeller needs to represent
structural relationships between classes. One of the most common ways of doing this

is, to form relations between classes of objects such as , sub-class of, subcomponent-
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of or hierarchy relations. In this section hierarchy relations between objects will be

described with inheritance concept.

In the class hierarchies, some of the super classes's characteristics are
carried to the sub classes, this is called inheritance. Inheritance mechanisms may
change from system to system. Inheritance can be default as well as strict which will
be described in the next section. Also classes may have multiple or single inheritance

mechanisms in the class hierarchy, which will be discussed in section 77,

3.6.2.1 Default vs. Strict Inheritance

Inheritance of classes are separated in to two parts according to heritages
sub-classes receive from the super-classes. If a sub-class can modify the inheritca ‘
properties of the super-classes, such as attribute and method definitions, this type “of '
inheritance is called default inheritance. On the other hand, if any sub-class can not
change the properties it received from the super-classes, this type of inheritance is

called strict inheritance.

In most of the systems, methods and attributes are inherited with default
inheritance mechanism, hence a sub-class may re-define any methods defined by its
super-classes according to its properties. Whereas , strict inheritance does not let sub-

class re-define a method or attribute defined by one of its super-classes.
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3.6.2.2 Single vs. Multiple Inheritance

There 'are two forms of class hierarchies. Actually, the form of hierarchy
determines the amount of heritage received by an object. For example, systems
providing tree-like hierarchies allow for single-inheritance, i.e., objects receiving
characteristics from only one class. Whereas the other systems which have a lattice
type(network) hierarchies, allow multiple inheritance, i.e., objects receivihg
characteristics from several classes (e.g., POSTGRES, ORION, 02, ONTOS,
KRISYS, KEE, MOOD ).
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Multiple inheritance characteristic of the model imposes name and

precedence conflicts in inheritance schema, which is depicted in Figure 3.7. Name

conflicts occur when two attributes, methods, or aspects with the same name have

been defined for distinct classes of a network hierarchy and are inherited by a common

class This occurs in the systems which does not allow two attributes or methods of a
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class to be same. Precedence conflicts can only occur in default inheritance
hierarchies, if an attribute or method is once defined by a class in the hierarchy and
updated by its subclass, system should choose one of the characteristics as depicteéd:

in Figure 3.7b.

3.7 Sets

Grouping of objects may not only necessary because they have the same
properties only, but sometimes it is necessary to describe the properties of the group
of objects as a whole. Set association between objects is used in such a case. Set

concept originates from the set theory, so that it does not allow existence of duplicate

elements.

object sets
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Figure 3.8 Sets
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3.7.1 Handling Sets in a Model

If sets are to be supported by an object-oriented system, the set
construction mechanisms should be provided. The set characteristics may be defined
by system implicitly as well as explicitly by the user.

There are two ways of member attachments to a set. Member qualification
or attachment to a set may be handled by the system according to a given criterion on
the construction of the set object or attachment can be done explicitly by the uger

through a query or selection mechanism.

Set representation of the object-oriented model may be bound to a class
abstraction, in this case, as shown in Figure 3.8, there is a dependence to a class

definition, hence the set can only contain homogeneous objects.

3.7.2 Set Hierarchies

Some of the object-oriented system designs consider set hierarchies in
their data model, which means , the user can create a new set of objects in the system
by narrowing the criterion of the previously defined sets. Hence a set hierarchy is

constructed.



3.8 Aggregates

Frequently, there is a need to treat objects not as atomic entities, as
classification, generalization and association do, but as a composition of other objects.
Therefore, in modelling real-world entities, a way to represent part-of relations in the
model is needed. The aggregation concept of object-oriented paradigm supports

modelling of part-of relations between objects.

Systems are classified according to their support of aggregation concept in
the first level of the classification tree shown in Figure 3.9[10]. In fact, since
aggregate relations are used to represent part-of hierarchies between real-world
entities, there should be some kind of hierarchy in representing aggregate relations
between modelled objects of the system. Hence, there is not any known system which

supports aggregate construction but not aggregate hierarchies.
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Figure 3.9 Aggregation

Aggregate hierarchies supported by the systems in tree or lattice(network)
structures are as shown in Figure 3.9[10]. In systems, those support tree like
hierarchies an object can take part in one aggregate construction, (labeled as
exclusive) whereas if a system supports lattice or network like hierarchies, objects can
be used in constructing of any number of aggregate objects(labeled as shared in Figure

3.9

If object identity is not supported by the implementation of the system,

objects’ definitions, used in the aggregation should be copied to the aggregate object

which causes redundancy in definition of aggregate object as shown in Figure 3.9.
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Whereas if object identity is supported by the implementation, only object identifiers
are refered from aggregate object without copying characteristics of component

objects.

If an object is formed by aggregation, it can also be used to form other
aggregate objects, this capability of the model is termed as recursive aggregation.
Real-world entities can be described naturally with recursive aggregate definitions.
For example, a TV-set has some electronic and electrical components which are
aggregately form TV-set object, and electronic components are also formed by some

other components again with aggregation.

In recursively aggregated objects, the user just sees that object and if he is
interested in, he can obtain detailed information on the components of the object. This

is the logical formation of the aggregate objects.

3.8.1 Dependent vs. Independent Components

The part-of relations may be classified into more restrictive forms or

constraints in the design such as dependent or independent.

In the case of dependent part-of relations, if a part is deleted from the
system, all parts, which are used as components of the deleted part are deleted by the
system automatically. i.e., if TV-set object is deleted from the system, all electronic
and electrical parts and their components are deleted from the system. Whereas, if

part-of relation or aggregation is independent, only the requested object is deleted
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from the system and the objects which use deleted object in their construction are not
deleted along with the components, which form the deleted object.
3.8 Handling Different Object Roles

Objects in an object-oriented system may take more than one role in their
lifetime, such as they may be instances of classes, elements of sets or components of

aggregations. The object roles are classified in Figure 3.10 .
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Figure 3.10 Integration of abstraction roles
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In the first level of the tree shown in Figure 3.10, systems are classified in
their capabilities to give objects one or several roles.

Systems that are giving objects just one role must distinguish meta-data
and data representations, there is no role combinations that can be established on a
single object, i.e., object roles are defined before they are created and not changed
during their life time. On the other hand, if a system can support several role
combinations on an object, it may distinguish the representation of meta-data and

data.

In the latter approach, in which objects may have different roles, next
level of classification is whether the representation of meta-data and data is
distinguished or integrated. In the first case, degree of role combinations that can be
applied to an object is restricted by meta-data definitions, as in the case of ORION
system, instances may be either components of other objects or aggregates, but not
classes. Whereas , if the representation of meta-data and data is integrated, all objects
in the system are treated in the same way and object semantics are kept within objects,

i.e., 'self-describing' objects.

On the next level of the tree shown in Figure 3.10[10], the changes on the
kinds of roles of objects are considered and classified. Static changes mean that, the
role combinations are given to the object at creation time, and can not be changed
thereafter. Whereas if dynamic changes are allowed by the system, object roles may

change at any time after creation of the object.
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3.9. Query Languages

One of the main properties of object-oriented systems is encapsulation,
hence using the methods of the object to access its internal structure. In this sense
queries on object attributes should be carried out by the methods of the class. Design
rationale makes it difficult for the object-oriented database management systems to
support encapsulation in their query languages, since it is not realistic to make a query
execute a method on every instance to receive an attribute value, or join attributes of
instances. But encapsulation is supported when the database is accessed through the
programming language. Above approach is used in most of the object-oriented

database management systems like O2 and MOQOD.
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CHAPTER IV

MOOD KERNEL DESIGN AND MOOD CATALOG MANAGER

4.1 Introduction to MOOD Kernel Design and MOOD Catalog Manager

Design of the MOOD Kernel and MOOD Catalog Manager (CM) is
discussed in this Chapter. The implementation of object-oriented concepts discussed

in Chapter III will be explained.

The first section describes the Exodus Storage Manager(ESM)
architecture, which is used as storage manager of the system, and supports

functionalities described in section 2.1 of Chapter II.

The CM design supports some of the functionalities presented in Chapter
II1, with the proposed data model of MOOD. Each aspect supported by the CM will
be discussed in the section 4.3, implemented kernel will be discussed in the section 4.4
and the section 4.5 is devoted to the implementation aspects that are left as future

work.

4.2 Exodus Storage Manager (ESM)

In this section ESM architectural overview is described briefly.



ESM has a client-server architecture. Application programs call routines
in the ‘client module' of the storage manager to access and manipulate data in storage
objects. The client module of the storage manager cooperates with a server process to
access and manipulate objects and the files that contain them. Currently, clients can
only connect to one server at a time; i.e., distributed transactions are not supported.
The ESM server is a separate and possibly remote process which provides a variety of
services to multiple clients. These services include 1/O, transactions, concurrency

control, recovery, indexes, and files.

4.2.1 Client Module

The ESM client module is a library which is linked with an application
program. The interface for this library provides routines for creating, destroying,
reading, writing, inserting into, deleting from, and versioning of objects. Routines are
also provided for creating, destroying, accessing and modifying files of objects and
indexes. Initializati.m, aclministration, and transaction support routines are included as
well. It is important to distinguish between the applicution program and the client:
module. The application program only calls the interface routines of the client module.
It does not access the server directly. The client module supports the interfa‘cg‘

routines and communicates with the server as needed. The term client will be used in

referring the ESM client module hereafter.



4.2.1.1 Architecture

The client module has its own buffer pool, which is used in chachi'ng‘
pages containing objects and indexes. Object and index operations are performed by
the client module in its buffer pool. This contrasts with other client—scrv§r
architectures where the client simply sends a request to the server to change the
object instead of performing the operation itsélf. File operations are performed on ’thé
server. For transaction management, the client has a lock cache, some transaétit;n
information, and a logging subsystem. The client communicates with the server's
transaction and lock managers to maintain the lock cache and transaction information.
The client's logging subsystem generates log records for the operations that it

performs and sends the log records to the server's log manager.

4.2.1.2 Operation

An application begins by performing some initialization and then starts a
transaction. During the scope of transaction, various files, objects, and indexes can be
accessed and changed. The application can then commit or abort the transaction then
start another one. After transaction processing is complete, the application shuts

down the client,

A client application process begins by calling sm_lInitialize(). This
statement initializes data structures and connects the client to the desired server
process. Once connected, the client asks the server for the values of certain
parameters such as the log page size. Before accessing data, the application must

request that relevant disk volume(s) be mounted by the server.



Once initialization is complete the application can start running
transactions. The “client can be in one of three transaction processing states: not
running within a transaction, running within a transaction, and an aborted transaction.
After initialization, the client is in the first transaction state. When the application
begins a transaction, the client module requests a transaction ID (TID) from”the
server. All future data and lock requests sent to the server in the scope of the

transaction will contain this TID.

After an application has started a transaction, it can begin accessing
objects, files, and indexes. When an application requests an object that is not found in
the client's buffer pool, the client requests the page(s) containing the object from the
server. The request also contains the desired lock mode for the object. When
application wishes-to change an object, a request for an exclusive lock on the object

will be sent to the server.

To support transaction abort and recovery, operations performed on
objects and indexes are logged by the client. The ESM uses an adaptation of the
ARIES recovery algorithm[26] to support transaction abort and recovery. This

algorithm uses a write ahead logging(WAL){27] protocol.
After performing object, file, and index operations an application will

either commit or abort the transaction. Transaction abort may also be initiated by the

server, for example, because of a deadlock.
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4.2.3 The Server Architecture

ESM server is a multi-threaded process providing I/O, file, transaction,
concurrency control, and recovery services to clients. The way the server handles

client requests are described in the following.

4.2.3.1 Threads and Request Processing

All request processing within the server is performed within the context of
a thread. Server threads are units of execution similar to the co-routines provided by
Modula-2. Each thread has its own stack for maintaining its execution state. A thread
is always in one of the following states: executing, sitting in an inactive pool, waiting
on the ready queue for a chance to continue executing, or waiting on a list for a
resource. Resources that a thread may await include locks, latches, semaphores, disk
I/O, and a signal from another thread. Thread switching is implemented using the
setimp() and longjmp() functions in the standard C library.

When a request arrives, the server assigns a thread from the inactive pool
to handle the request and begins executing the thread. The thread runs until it has to
wait for a resource, or voluntarily gives up the CPU, or completes the request, In the
mean time it responds to the client and buffer large object pages contiguously. The
buffer manager enforces a write-ahead logging protocol. Since the buffer area is
shared by multiple threads, latches are obtained for synchronization. Finally, buffer
manager provides the concept of buffer group' as proposed in the DBMIN buffer
management algorithm[28].
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The server uses the buffer group facility to allocate buffer space for
various purposes. There is one large LRU buffer group used to satisfy client I/O
requests. Separate smaller buffer groups are used for reading and writing the log.
Smaller buffer groups are also allocated for managing the bitmap pages associated

with each disk volume.

4.3 Design of MOOD Kernel

In this section the implementation of the object-oriented concepts defined

in Chapter III in MOOD Kernel is presented.

4.3.1 Object Specification In MOOD Kernel

MOOD Kernel supports attributes and object identity. Each object of the
system has an Object Identifier (OID) associated with it. This OID is given to the
object at creation time by ESM, and it is the disk start address of the object returned
by ESM. The OID's of objects are given at creation time, as mentioned before, and

not changed thereafter until object is deleted from the system.

User of the MOOD Kernel has the ability to define and use methods(C++

functions) on user classes.
Object encapsulation is divided into two parts, method encapsulation and

attribute encapsulation. These encapsulation properties are supported through C++.

But in accessing the instances of the database, direct access method is used for the
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reasons given in[29]. Otherwise for each class, methods in accessing the values as
well as updating them would be needed. With the last approach, every class in the
system should support methods to insert, delete, get and update attribute value of
instances, in which slows down the system. This is because, while making a search on
some attribute, for each object in the database, a method should be invoked. This

approach is not used for commercial systems like O2.

4.3.2 Declarative properties of MOOD Kernel

Since MOOD Kernel supports attribute concept, attribute specifications

(or declarative properties) are compared and discussed in this section.

Aspect concept is defined in section 3.4.1 of Chapter III. MOOD Kernel
design limit aspects as type specifications. i.e., each instance in the system should be
defined to be a member of a class. In this view, class definitions are analogous to type
definitions of a programming language. Other well known database systems, as well
as programming languages using this type of aspect definitions are POSTGRES,
GemStone[30], O2, C++, Eiffel and ONTOS as depicted in Figure 3.3 in Chapter II1.

Class definitions in MOOD Kernel provide a prototype of instances in the

database along with the relations with other classes in the system.
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4.3.3 Procedural Properties (methods) of MOOD Kernel

Methods can be defined by user to manipulate classes ( user-defined
classes ). In method definition, C++ language is used. Dynamic Function Linker ,

which is described in next section is used in activating user defined methods.

Method binding is achieved and implemented at run time (late binding).
Since C++ supports overloading of method names, overloading is possible with the
signature concept defined in section 3.4.2 of Chapter III. Overloading is achieved by
adding some information to the method's name such as class name (on which method
is defined, i.e., receptor), method name (selector), attribute type information, and
return type are concatenated to form the signature of function; this is explained in

next Chapter.

4.3.4 Object Abstractions in MOOD Kernel

Instances are grouped in the abstraction level of a Class in other words
classes have extensions. Classes in MOOD Kernel have some properties described

below.

The relation between classes and instances is a 1:n relation , i.e., under a
class there could be any number of instances associated with it, but an instance can
not be associated with more than one class. Most of the object oriented systems are

implemented with this approach, as depicted in Figure 3.5.



Class inheritance schema of MOOD Kernel is multiple inheritance, i.e., a
class may inherit from a number of classes. With this definition of classes, two
problem arises; name and precedence conflicts. These problems are solved as

explained in the following.

Inheritance mechanism in the MOOD system uses copy semantics, i.e.,
attributes of the super classes are copied to the subclass with method definitions. This
is used in C++, and the MOOD system is forced to use this approach to work with

C++ defined classes.

In the inherited clause of the system, the order of the inherited class

names is important since they are copied to the current class definition in that order.

The heuristic implemented to solve the name conflicts (shown in Figure
3.7a) is as follows: search the class's own attributes first, and if the name does not
exist, search first inherited class (in Figure 3.7a Object A is searched ) if found then
use that name otherwise search for the next class and continue this way. With the
rename facility of the system the user will be able to rename attribute names in order

to solve name conflicts.

Precedence conflict is solved in the same manner, inherited classes in
Figure 3.7b are in the order of [Object D, Object E, Object F , Object G, Object D,
Object H and Object I] because of copy semantic mentioned earlier. By using heuristic
defined above, search condition will find Object D's X attribute, which is in the first

position in the class definition, and uses that one.
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Set, List, Ref and Tuple constructors support the relations between
objects of MOOD Kemel. These classes are system defined, which have some
common attributes and methods available. Set and List store OID's of objects. User
can define a Set or a List for class or instance groupings. These constructors can be
applied recursively with Tuple constructor to define new class relations. As-an
example:

MOODSQL> create class DEPARTMENT

TUPLE ( NAME string[20],
FLOOR integer );
MOODSQL> create class EMPLOYEE
TUPLE ( NAME string[20)],
AGE integer,
POSITION string]20],
DEPT REF ( DEPARTMENT) );

In the above example a class named DEPARTMENT is created and
referenced from the definition of class EMPLOYEE through DEPT attribute. In the
above example each EMPLOYEE instance points to a department instance which

- contains related department information.

Set property of the MOOD data model is that, membership to a set is .
implicitly defined by SQL queries or views. Set objects can not be explicitly defined
by the user. With this approach there is no set hierarchy concept defined in the data

model of MOOD. As an example:

MOODSQL> create class WHO_WHERE
TUPLE ( DEPT REF(DEPARTMENT),
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WORKER SET(EMPLOYEE ) );

With the above example a reference to DEPARTMENT class is created
which points to a department instance (i.e., each instance of WHO_WHERE class has
a pointer to a DEPARTMENT instance), and a set of EMPLOYEE instances are
pointed. As can be seen, Set construction handles uniform objects (i.e., EMPLOYEE

instances) so the definition of Set is homogeneous in the MOOD data model.

4.3.5 Aggregates in MOOD

Aggregate definitions are handled in MOOD system by introducing type
constructors (Set, List, Ref and Tuple). Aggregate classes can be constructed by
recursive use of above type constructors. Since copy semantics is used by the kernel
in inheriting from the super classes, a newly created aggregate class does not need the
class definitions used in the aggregation after creation. But since classes created in the
form of aggregates point to the object of the classes, deletion of classes which are
used in the aggregate construction, forces the system to delete instances and also the
classes which use definitions of the deleted class. This problem will be avoided by

introducing versioning to the MOOD system in the future.
In section 4.3.4, the last two examples given are, infact aggregate
definitions. For example, WHO_WHERE class is created by using DEPARTMENT

and EMPLOYEE class definitions.

A class can also be defined by recursively applying above constructors.

For example:
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MOODSQL> create class Composite
TUPLE ( TUPLE ( composite_id integer ,
composite_name string[ 107),
TUPLE ( LINK REF (EMPLOYEE ),

SET_LINK SET ( DEPARTMENT),

TUPLE (LINK_ID integer,
LINK_NAME string[20])
)

A network like aggregation concept is proposed, which does not have
redundancy, because object identifiers are used in referring related instances. In Figure

3.9, the aggregation classification of MOOD system is given.

In Figure 3.10 integrated view of object abstraction roles is given. When a
class is created in MOOD, instances of that class can be created at any time. But an
instance can not be related with more than one class. In MOOD , meta-data means
class definition and data implies the objects of the class. Hence, meta-data and data.
are distinguished. Although an instance can be a member of undefined number of sets,
lists or could be referenced from other objects, there is no abstraction mechanism to

identify object itself if it is used in those definitions.

4.4 Design of Catalog Manager(CM)
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A CM is designed for handling data definitions. The responsibility of CM
is to handle all type of definitions in the system. Shortly, CM is responsible from
definition and use of MOOD data model whose characteristics are defined in section
4.3.

MOOD Kernel introduces three classes to store data definitions in the

system.

* MoodsTypes ,
® MoodsAttributes ,

¢ MoodsFunctions.

MoodsTypes class instances keep definitions of classes, indexes and types
of the database. Instances of MoodsTypes class can have pointers to MoodsAttributes

class instances, which constitutes the attributes of the class definitions.

MoodsFunctions class instances keep track of the member function
definitions of classes. The details of the information kept in MoodsFunctions clals;é is
described in the d;,sign and implementation of Dynamic Function Linkcr(DFL).”'I‘:he
only purpose of this class is to support dynamic definition and linking of membc‘:'r'.‘

functions of classes. C++ preprocessor(Cfront) is modified to extract needed

information to construct instances of MoodsFunctions.

Basic data types(integer, float, string etc.) and type constructors(i.e., set,
list, ref, tuple) defined by the system, are instances of MoodsTypes class, which are
defined externally while creating the database. Thus, it is qlear that, a user can define

any type and related methods to the database.
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4.5 Implementation of MOOD Catalog Manager

Catalog Manager (CM), is the main part of MOOD kernel which stores
schema information of the MOOD system. The type constructors Set, List, Ref and

Tuple and the basic types are supported by the system.

With the help of a Database class, a number of databases can be built and
used. Database class instances hold information concerning MoodsTypes file

identifiers for the given database. The model of database class is given in Figure 4.1.

Database File MoodsTypes File
Database | MoodTypes P = MoodsAttibute FileId | (> ~-F--~-+
name File [dentifier ' MoodsFunctions FileId | (> -f-=--g----
A OO —— L0 [ ﬂn;ag'fy;;s_l;lf—o;n;;{n; ——————

"MOODE" |

MoodsAttribute File ":a‘ MaoedsFunctons File

Figure 4.1 Database model
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Database is opened by creating an instance of database class, and a file
identifier (FID) is returned by.the database class constructor, as an example consider
the following C++ code segment.

{ BOOLEAN status;

FID db_fid; // database FID will be stored.
Database my_database("SCHOOL", &db_fid, &status);

h

In above example "SCHOOL" database opened, and FID of MoodsTypes

file is retrieved for further operations on the database.
After obtaining database in use, an instance for MoodsAttributes is
created by giving the FID received by the above code fragment. The created instance

is used to carry out further database operations.

The basic structures (OID, Set and List) used in the implementation are

depicted in Figure 4.2.

51



OID

(" W the page address of the object’s
page header
slot slot number of the object
volid the id of the volume '
unique unique number of object
.. >,

LIST A List of OIDs -

typeld | Size OID1 OID2

A Setl of OIDs

SET A

1

Grpeld Size C)ID1 OID. oo 0one .)

Figure 4.2 Structures of OID, Set and List

In the first two positions of the MoodsTypes file, the MoodsAttributes
and MoodsFunctions file identifiers for the current database are stored. Using these
file identifiers, the constructor of MoodsTypes class opens the related files. In the
logical structure of MoodsTypes file in Figure 4.3, file identifiers are not shown since

they are not relevant for the catalog data structures.
Database class of the MOOD system supports creation and deletion of

databases in the kernel. If a given database does not exist, status variable returns a

non-zero value, and a new database can  be created by using
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"my_database.create_db()" call to database class. A database can also be deleted after

creating instance by a call like "my_database.del_db()".

Creation of MoodsTypes instance is given in the below C++ code

fragment:

{
{
FID moods_fid;
BOOLEAN status;
Database my_database("SCHOOL",&moods_fid,&status);
if ( status ) { /* exit, since no database with
given name*/
cout << "no database found\n" ;

exit(1);

MoodsTypes Catalog(imoods_fid, &status);

if (status) { //no way . };

cout << "database and MoodsTypes are in use\n" ;

b

A description of MoodsTypes and MoodsAttributes classes with the

relationship between them is depicted in Figure 4.3.
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Catalog Dala Structures

MoodsTypes File MoodsAttribute File
! Type Name S ~ AttrName —
1 Typeld — ! AttrType [ EEPE
) Size . | s B , AttrTypeName — H
i ClassType — ! AttrOffset — : ;
: List_Attributes (D ! AttrLength — :
! List_SuperClass C——— i AttrConstructor €T ! :
! List_Index [ — ; ClassMember o ¥
| List_SubClass ~ C—D— | Statistic L onnu RN B
!ifindex - o ; et e mceeenaes 3 :
¢ Instance_Fil | — - '
Statistles . 2. ‘Z: ;
[ LiST OF ATTRIBUTES  J= : ;
. \
{ LIST OFSUPERCLASS [*= . :
L L3
{usTorsuBcLass  J< T L
{ LisT oF INDEX Je= 5 Instance
E :
2 ' .
<z ; :
| 11
<Ta ! .
R Rl BT P ' .
e | [

Figure 4.3 MoodsTypes and MoodsAttributes class structures

-

MoodsTypes data structure contains the information related with clalss,
type and index structures(i.e., schema). Some of the information points to OID's of
related objects in MoodsAttributes file. List structures are used for realizing 1:n
relations to be established between MoodsTypes and MoodsAttributes objects. |

The first attribute of MoodsTypes that is TypeName holds the name of
the entry (class, type or index) defined in the system. Typeld is the unique type
identifier, given by the Sequence class of the system at creation time of database
types. ;I‘he storage size of the defined entry is stored in Size field. The type of the

entry( user defined class, system defined class, user defined type, system defined type,



user defined index, etc.) is stored in ClassType field. The attributes’ OIDs are
collected to form a list as shown in Figure 4.2, and this list is pointed by
List_Attributes (OID of the constructed list) field of MoodsTypes. Super classes'
OIDs are collected in a list of super classes and pointed from MoodsTypes by
List_SuperClass, similarly sub classes and indexes are pointed by List_SubClass and
List_Index in that order. The ifIndex field contains the number of indexes created for
the given entry. Instances created for a class are stored in a file, whose FID is kept in
Instance_File attribute. Statistics attribute contains OID of the statistics structure

which is used by query optimizer of the system.

MoodsAttributes file contains attribute information related with the
classes. Attribute name is kept in AttrName field, attribute type is a pointer to the
MoodsTypes entry, which shows the type of the attribute and kept as OID. Attribute
type name is stored in AttrTypeName to be used when a class is to be described. Note
that if this entry does not exist then for each attribute of class a pointer should be
followed to MoodsTypes to get type name of the attribute. AttrOffset is the storage
position of the attribute in class description, used for interpreting attribute at run time
with AttrLength, which is the length of the attribute. AttrConstructor is the type of
the constructor from which attribute is derived (i.e., set, list, tuple). ClassMember
field stores information, on whether the attribute is owned by the class or inherited
from some other class in the inheritance hierarchy. Statistic field contains OID of

statistical data structures.

MoodsTypes and MoodsAttributes classes hold a part of database schema

of the system. MoodsFunctions class will be described in Chapter V.
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CHAPTER V

DYNAMIC FUNCTION LINKER

5.1 Introduction to Dynamic Function Linker

A Dynamic Function Linker (DFL) is designed and implemented in order
to handle dynamic schema changes in the system. Stand alone version of DFL is tested
and debugged. However it is yet to be integrated with the MOOD prototype. There
are some restrictions coming from design of the DFL which will be discussed in this

Chapter.

5.2 C++ preprocessor (Cfront)

Cfront is a utility written with yacc and lex programs of unix operating
system. The goal is to convert C++ source code to C source code. Alimost every C++

compiler set contains a Cfront utility[31].

Cfront is modified such that catalog information is extracted from the
C++ function definitions. Catalog information extracted is the name, parameter types,

return value and container class name of functions defined by the user.



5.3 Shared Object concept of SunOs

SunOs operating system supports dlopen(path,mode),
dlsym(handle,symbol), diclose(handle) and dlerror() functions to add a shared object
to a program's address space, to obtain the address bindings of symbols defined by

such objects, and to remove such objects when their use is no longer required.

dlopen() provides access to the shared object in path, returning a
descriptor that can be used for later references to the object in calls to dlsym() and
diclose(). If path was not in the address space prior to the call to dlopen() then it will
be placed in the address space, and if it defines a function named _init that function
will be called by dlopen(). If however, path has already been placed in the address
space in a previous call to dlopen(), then it will not be added a second time, although
a count of dlopen() operations on path will be maintained. Mode is an integer
containing flags describing options to be applied to the opening and loading process,
for the time being-always set to 1. A null pointer supplied for path is interpreted as

"main" executable of the process. If dlopen() fails, it will return a null pointer. N

dlsym() returns address binding of the symbol described in the nul]-'
terminated character string symbol as it occurs in the shared object identified by th'e
handle. The symbols exported by objects added to the address space by dlopen() can
be accessed only through calls to disym(), such symbols do not supersede any
definition of those symbols already present in the address space when the objeét is
loaded, nor are they available to satisfy "normal™ dynamic linking references. dlsym()
returns a null pointer if the symbol can not be found. A null pointer supplied as the
value of handle is interpreted as a reference to the executable from which the call'to

dlsym() is being made (i.e., thus a shared object can reference its own symbols).
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dlclose() deletes a reference to the shared object referenced by handle. If
the reference count drops to (), and if the object referenced by handle defines a
function _finit that .function will be called, the object removed from the address space,
and handle destroyed. If diclose() is successful, it will return a value of (), otherwise‘fa, :

b

non-zero value is returned.

dlerror() returns a null-terminated character string describing the last error -
that occurred during dlopen(), dlsym() or dlclose(). If no such error is encountered,

then dlerror() will return a null pointer.

5.4 Dynamic Function Linker Design

The problem of getting a shared object file to the address space of the
current process, and to find address space binded to a function is handled by the
SunOs system calls described in section 5.3. But there are still the following problems

to be solved:

e locating shared object file in which the given function resides,
e locating the given function's binding in the dynamically linked shared
object,

e passing parameter values to the given function and

e receiving the return value of the function.
To locate shared object file of a function, all functions of the same class

are kept in a file, whose name is derived from the class name. This information is

stored in the CM.
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MoodsFunction class has the information about the function signature
created by C++ preprocessor (Cfront), which is searched in the shared object of class
at run time by using dlsym() routine and the memory start address of the function is

obtained(i.e., binding of function).

A uniform Function class is implemented, which handles dynamic linking
of all functions defined in the system. This class does not have any information on the
requested function, except for the parameter types, the return type, and the argument
count, and the name of function. The function call is as follows:

{

void *(*dummy) (...) ;

dummy = (void *(*) (...)) (dlsym(handle,func_name))

)

The given function name is searched from the catalog, and when the
function signature is found, it is used as parameter to dlsym() to locate binding of the

function.

Parameter passing to functions is achieved by a Parameter class. On each

call of a function, interpreter fills the structures in this class as shown in Figure 5.1.
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Parameter Array Pointer

(" - = "'3 Parameter Array

- ""9 Parameter Address Array

Parameter—address Array Pointer

Figure 5.1 Parameter Class Definition

An instance of Parameter class is created whose parameter is the total
storage size of the parameters. By using add_parameters function of the class,

parameters are appended to the array. As an example:

my_class paraml;

char *param2;

Parameter my_par(24);
my_par.add_parameters(&paraml, sizeof(paraml)),

my_par.add_parameters(&param?2);

Pointers should be passed to the add_parameters function without a size
parameter. Parameter address array is built by Parameter class, where each
parameter's start offset in the parameter array is pointed by parameter address array.

Constructed arrays can be received by get_parameters() and get_indexes() function
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calls. An instance of Function class is created with the constructed parameter and

index arrays as follows:

{

Function my_func(file_name.function_name,
my_par.get_parameters(),
my_par.get_indexes());
if (my_func.error)
ret_val = (my_type *)my_func.dynamic_link_func();
)
od e
SQL interpreter, when needed obtains the file_name (i.e., class name) ;md _
function_name from the CM. However, if a call is made from C++ source, dliS"
information is extracted from the definition of the function and the class on which the .

function is applied.

With modified Cfront, function calls within function definitions are
detected and are converted to Parameter and Function class calls. Return statement is
replaced with moods_return, which copies the address of object to be returned to the
global ret_val variable and returns ret_val from function. Recursive functions are not

supported by the systen.

When a user wants to define a new function to the system he/she writes
the C++ code and through MOODSQL interpreter defines the function to the system.
The function is passed from the modified Cfront which extracts needed information,
makes the required changes on the function(i.e., all functions return types are

changed with "void *" ). Furthermore, the newly defined function is compared with
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the existing functions of the class to handle the name conflicts. Then, the function'is
compiled and linked with the owner class' shared object file. The header file of the

class is also updated, which thus contains information about the new function.

Exception class is implemented for handling run-time crashes. If a user
defined function has some semantic errors, the only way to get rid off them is to
handle the system signals and walk over the function, and delete it from all places and

roliback the database state.
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CHAPTER VI

CONCLUSION

An Object Oriented Database Management System Kernel is designed and
implemented. The. kernel is based on ESM and includes the implementation of a’
Catalog manager and a dynamic function linker as described in Chapter 111, the object-
oriented concepts implemented through the MOOD kernel are compared with the
previous works. The basic design strategy is to be able to use full power of a
programming language(C++) in object definitions. Hence, some of the design
decisions are necessitated to minimize the impedance mismatch with the CH++

language.

The originality of proposed kernel structure is that, user can use:full
power of C++ language as well as SQL. A new dynamic schema change model, -
namely Dynamic Function Linker (DFL), is proposed which best fits the requirements

of object oriented systems.

Although MOOD DFL is the fastest approach for handling dynamic
schema changes, it has some problems which is yet to be solved. However, these

problems stem from the user rather than the system.

First problem arises if a function is called within a function definition. In

this case, if the function updates some objects, these updates may propagate



throughout the system, without the control of the Kernel. However, handling this

problem may be left as user's responsibility as mentioned in[32].

Second, there is no object update policy designed so far. Hence, it is the

user's responsibility to take care of propagated object updates.

Since Kernel does not have control over user defined functions, erroneous

user codes may have side-effects, and may damage the database.

Future work on DFL is to devise a mechanism, if possible, to find out the

side-effects of the methods and introduce policies to control them.

As a conclusion DFL design and implementation may be the fastest that

can be achieved. Also if used properly, it is in our opinion is the best solution handling

the dynamic schema changes and late binding problems in object-oriented DBMSs.
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APPENDIX A

CATALOG DATA STRUCTURES

In the following section, data structures used by catalog manager are

described in detail.

MoodsTypes File

Typeld | TypeName | ClassType | ListOfAttrbutes| ListOfSoperClasses | LitOSbClusses | SizeOfType

5 1 INTEGER 5 NULL NULL RULL 4
2 FLOAT - KULL ""1;1;1;. --------- ;n-x;x.-“-- Ty
--------------------------------- T R e R ok R
3 BOOLEAN -5 NULL RULL RULL 1
------------------------------------------------------------------ !
4 CHAR 5 NULL NULL NULL 1 ‘
r- 5 STRING 5 NULL .mm. r NULL 1 ‘
s | wme | T | wom | o | s | 0
7 SET g NULL NULL NULL 12
3 LIST L NULL NULL NULL 12
e [ re | | e | s | —— 0

..................................................................

L MoodRoot ListOf Awributes ()

MoodsAttributes File
AttributeName | AttribirteType | AttTypelame | AttributeOffset [AttxibmteLength| AttributeC ClassMemd Statist
... Tpdd (o mreeRR 0 LA Bl ===
. . * .
‘ . 4 4 4 4 [
L] . * .

Figure A.1 Initial Database Structures

Figure A.l describes the initial database structures stored on ESM. First

five type definitions are INTEGER, FLOAT, BOOLEAN, CHAR, and STRING with



Typeld fields 1 to 5. Next, constructors defined by the system are stored in the order
TUPLE, SET, LIST, REF, which have type constructors "T","S","L","R".
Listof Attribute, ListofSuperClass and ListofSubClass fields are empty for all of these
types.

MoodRoot class definition is the last definition of the initial database,
which is the superclass of each class in the system. MoodRoot class type entry hais"a

OID stored for its attribute list, by following this OID, attribute List of MoodRoot _

class is reached. This list contains the OID of attributes in the MoodAdttribute file.

The only attribute of MoodRoot class is Typeld and defined as an
INTEGER. Every attribute entry in the system has some basic fields which are
AtuributeName (name of the attribute), AttributeType (refers to the class entry in" the
MoodsTypes file), AttributeTypeName (holds the name of the derived type),
AttributeOffset (keeps the position of the attribute entry in the class definition),
AttributeLength ( which is used with AttributeOffset by the run-time system to
interpret attribute), AttributeConstructor (which is used in showing whether the
attribute is a constructor that refers to another type structure), ClassMember field
(which is used in show if the attribute is owned by the class or inherited from another
class in the system), and statistjcs field (contains an OID of the statistic object which

will be implemented in near future).
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MaoodsTypes DoodsAtribures

INTEGER
FLOAT
BOCLEAN Typeld 1 0
CHAR ‘J DeptNamb 4
STRING Depthlo E 24
TUFLE Floor

L]
EIEIE
| o B

LIST

REF

|_’ MoodRoot —
| DEPT 3 j

LE-L MoodReot. SubClass List —

+L. DEPT SupexClass List

L DEPT Astdbute List )

& 2

| MoodRootI
> create dass DEPT
TUPLE( DeptName STRING[20],
DeptNo INTEGER, .
DEPT Floor INTEGER); 0 Inhevited attribure {from MoodRoot).
1 Owned Arribure
Class Hiererchy

Figure A.2 Definition of a class in the system

In the Figure A.2 definition of DEPT class to the system is illustrated in a
simple way. The data definition language of MOODSQL accepts class definitions in
the syntax shown in the lower center of the Figure A.2. DEPT class contains three
attributes namely DeptName, DeptNo and Floor which are of the types STRING,
INTEGER and INTEGER respectively. In the DEPT definition of MoodsTypes there
are two lists formed. First list contains superclass OIDs of the DEPT class, while the
second list is attribute list which refer to the attributes of the DEPT class. Attribute list
of DEPT class holds four OID values which refer to the above attributes plus Typeld
attribute inherited from MoodRoot. With the definition of the DEPT class MoodRoot

class's subclass attribute list is updated to hold the OID of the DEPT class definition
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definition entry. Class hierarchy of the current state of the database is shown on the

lower left part of the Figure A.2.

MoodsTypes J MoodsAttributes
INTEGER -
FLOAT st i engt
BOOLEAN Typld 0 : 4 0
CHAR DeptNemerd ; 20 , 0
STRING “ DeptNo 524 : 4 : 0
TUPLE Floor 28, 4 . 0
SET Typeld 22 4 0
LIST sephoe 1363 20 ¢ 1
REF I ¥ % @
MoodRoot L 3 3
[— DEPT e ;
SubDept + i
L MoodRoot SubClass List i . o
L+ L DEPT SupusClass List ?i R i
»! L DEPT SubClass List :
L subDep SuperClass List JE B g
L MoodRoot Attribute List T b et
+{L SubDept Attribute List : e
! L DEPT Attribute List 4— :
> nf:hxeate '(:lass SubDept 0 imberted Attt
inherit:
. TUPLE( s?cpllzoE)zTSMNG[ZO] % Gl

Class Hierarchy

Figure A.3 Inheritance schema of the system

A

Inheritance information is stored in the system as shown in Figure A.3. In
the Figure A.3 a new class SubDept is defined to the system with the "inherits from"
clause, which inherits from DEPT class. As mentioned before inheritance mechanism
copies attributes of the inherited classes to the defined class. Typeld, DeptName,
DeptNo and Floor are copied from DEPT class and marked as zero on the Figure

A.3. Notice that, SubDept class should has a unique Typeld field which is inherited
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from MoodRoot comes next and finally the only attribute of the subdept class is
stored. The Subclass and SuperClass lists are updated to hold new schema of the -

system.

MoodsTypes ’_____Mnndmm‘nnm_____
INTEGER £ 2

FLOAT Name AOfiset ALengthTypCons
BOOLEAN Typeld 10 1 47 "B}
CHAR _'_l DeptNeame 4 20, 'B"
STRING Deptilo ' 24
TUPLE Floor

SET
LIST
REF
r" MoodRoot e

. DEPT et
ML MoodRoot SubClayg List, -
FL DEPT SuperClass List
L DEPT Atuibute List ~ll =

EMPLOYEE

[_E L EMPLOYEE Attribute List

L EMPLOYEE SuperCless List =5

2

e
ok

cobedeathad

| e

28

DEPT INSTANCE FILE

> ceste dass EMPLOYEE
TUPLE( name STRING{20],
dept REF( DEPT) );

0 Inherited Atuibute
1 Owned Awibute

Class Hierarchy

Figure A.4 REF structure of the system

In Figure A4 the usage of REF type constructor is illustrated. E\:fcr').l
instance of the EMPLOYEE class holds a REF field which holds the OID of an
instance of the DEPT class. Since AttributeConstructor holds an "R" in the attribute
entry of the EMPLOYEE class, system uses the OID stored at this position to receive
the instance of the DEPT object. As shown in the Figure A.4, one pointer points to
the definition of the DEPT class, which is used to interpret the DEPT instance read

from the disk.
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MoodsTypes e MoodsAttibutes
INTEGER
FLOAT Name AOffsetAlength TypCons
BOOLEAN Typeld 0 1 471 Bt 0
CHAR | DeptNamb 4 | 20, “B*) 1
STRING \Depwo§24:4;-13~§1
TUPLE Floor 128 1 4,81 1
SET ] 5 %
LIST
REF
[_' MoodRoot -
DEPT - R AR AR 2
H. MoodRoot SubClass List - e Typeld 10 ' 4B 0
ML DEPT SupesClass List | neme EJ : E"B"i 1
L DEPT Atribute List ~ Mept 124 ¢ 1201 1
EMPLOYEE
E L EMPLOYEE Attribute List
L EMPLOYEE SuperClass List =

» create dass EMPLOYEE g
TUPLE( neme STRING[20], ' ‘
dept LIST(DEPT)); G Inherited atwribute,
1 Owned Awribute

Class Hierarchy

Figure A.5 LIST constructor of the system

LIST constructor is used to refer a group of instances of another class
within the class defintion of a new class. List constructor has some operations like
list_addition, list_subtraction, list_difference and elements of the list can be accessed
like élements of an array. In Figure A.5, EMPLOYEE class has an OID field that
refers to a list Wl1ich holds the OIDs of instances of the DEPT class. The
AttributeConstructor field (dept attribute) is interpreted by the system to find the list
of OIDs of the instances of the EMPLOYEE class.

With the LIST definition, repetition of instances are allowed and the order

'

of apperance is important.
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MoodsTypes o MoodoAtzibutes

INTEGER
FLOAT
BOOLEAN Typeld 1 0
CHAR _‘__J DeptNamp 4
STRING hd DeptNo ; 24
TUPLE
SET
LIiST
REF
r' MoodRoot 4

-
. DEPT _J_
lE-L MoodRoot SubClass List —

1, DEPT SuperClass List
L DEPT Auwibute List ~
EMPLOYEE
L EMPLOYEE Atuibute List
L EMPLOYEE SuperClass List F——

817
o

DEPT INSTANCE FILE

D

oy

3
QOYEE INSTANCE FILI

MoodRoot

> creste dass EMPLOYEE
TUPLE( name STRING[20],
dept SET(DEPT)); 0 Inherited atuibute

1 Owned autribute

Clags Hierarchy

Figure A.6 SET constructor of the system

SET constructor of the system holds a set of OIDs, and has operations
defined on sets such as union, intersection, iselement, and difference. Duplicate’
elements are not allowed. In Figure A.G6, the definition of the class EMPLOYEE holds
an attribute which is a SET. The dept field of EMPLOYEE class holds an OID value
which is used to construct a set, hence the constructed set has OID values of some of

the DEPT instances.
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MoodsTypes MoodsAttibures
INTEGER D D e D e B B B e B D B SRS
FLOAT Name AOffcet Alength TypCons
BOOLEAN /Typeld FIRIESL
CHAR J DeptName 4 | 207 "B", 1
STRING 1 \‘Dept'ﬂo PEESE
TUPLE MFloor | 28 | 4 "B") 1
SET 22
LIST
REF
MoodRoot
DEPT _
L MoodRoot SubClass List Typeld '0 ' 4! "B" ' 0
L DEPT SuperClass List nsime %4 : 205 “B"'; 1
L DEPT Attribute List Kfer 124 1 81T
EMPLOYEE A
L EMPLOYEE Attribute List Atra 124 1 41 B 1
L EMPLOYEE SuperClass List Amb 28 1 40 B 1
UNNAMED
L UNNAMED Attribute List

> ereate dess EMPLOYEE
TUPLE( neme STRING[20], Y
[ DePr | [EMPLOYEE Xfer TUPLE( Attr_e INTEGER, 0 Inherited ettribute
Attr bFLOAT) 1 Cvwmed atibute
Class Hierarchy % -

Figure A.7 Recursive Declerations

In Figure A.7 recursive decleration properties of the system is illustrated.
A Tuple constructor whithin a Tuple constructor is used as an example. Recursive
declerations are handled in such a way that in each level of recursive decleration an
UNNAMED type is created to hold inner level of recursive information. In the
example given in Figure A.7, a class EMPLOYEE is defined to the system which has
a Xfer attribute which is also a tuple. An UNNAMED type entry is created and the
AttributeType field is set to point to this entry. Since attribute type is known to be a
tuple from AttrConstructor, the linkes are followed for the UNNAMED tuple to get

the complete description of the attribute.
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