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ABSTRACT 
 
 
 

Object oriented databases have been around since 
the late 1980’s. Object oriented programming languages 
have been around since the sixties. Today the need for 
object oriented databases is growing along with the 
complexity of the software systems developed. There 
are today a number of object oriented databases 
available on the market. The capabilities and properties 
of the systems are covering a wide range, making the 
choice of system difficult to the developer. This thesis 
presents a guideline for evaluating object oriented 
database management systems to be able to compare 
different systems and chose which one to use. 
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1. Introduction 

Databases are in many ways a central part of today’s computer systems. 
This is because more and more information is stored in an electronic way, 
for example the use of membership and club cards in many hotels and 
grocery stores [3]. These cards generate a lot of information that is stored 
in a database. This is just one of many areas where databases are used. 
Traditionally relational databases are used for storing many kinds of 
information [1]. The problem with that approach is that almost no 
information from the real world fits in the relational data model. Looking at 
the development of programming languages the trend is clear. The object 
oriented technology is getting more and more used [4], [8]. Based on 
theses circumstances a new type of database has been developed; object 
oriented databases. There is a wide range of products on the market within 
the area of object oriented database management systems. But despite 
that it is rarely used [5]. One of the reasons it is not used is developers is 
not familiar with the technology of object oriented databases [5]. If the 
developers are not familiar with the technology it is almost impossible to 
select which of the products to use. This thesis proposes a protocol for 
evaluating object oriented database management systems. Such a protocol 
would make it easier to select object oriented database management 
system and the technique would be more frequently used. 
 
The purpose of this thesis is to explore the features influencing the choice 
of database management system and based on this create a protocol for 
evaluating an object oriented database management system. 
 
This thesis provides developers, that are about to use an object oriented 
database management system, a tool for evaluating and comparing 
different systems. 
 
The two most central research questions that the thesis is answering are 
the following. 

• Which features are important when selecting which object oriented 
database management system to use? 

• How important are these features compared to each other? 
 
A database management system is a software application that is used to 
control and maintain a database. A database is a collection of logically 
connected data [1]. A database system has a number of features that are 
important to the functionality of the system. The features that are 
discussed in this thesis is not connected to user interface or performance, 
but rather what tools and options the system can offer to the user. 
 
The first step in the exploratory investigation is to perform a literature 
study to find the features that are important to relational database 
management systems. These features are also discussed with a number of 
people working with development and administration of databases. Then a 
survey is conducted to verify the features and to get a measure on how 
important the features are compared to each other. Then a literature study 
is done to find the features that are specific to an object oriented database 
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management system. A second survey is conducted to get the same type of 
verification and information as in the first survey. Based on these results a 
protocol for evaluating an object oriented database management system is 
developed. 
 
The first target group of the thesis are people that are developing software 
based on complex databases. That is they are about to use an object 
oriented database management system and is in the process of choosing 
what system to use. The decision to actually use an object oriented 
database is already taken [5]. The second target group is people in general 
having an interest in object oriented technology and persistent storage. 
 
The thesis is structured in the following way. First a brief introduction to the 
thesis is given, describing the problem domain and scope of the thesis. 
Then, the aims and objectives for the thesis are given along with the 
specific goal of the work. Next section gives a background to the work. The 
problem that the thesis investigates is more deeply described and 
discussed. A section describing the research approach taken follows; 
Research approach. Here the methods used are explained and the reasons 
for using them are given. The next section, Database management 
systems, will cover the literature survey on database management systems 
and list the important features of such a system. Next, in the section Object 
oriented database management systems, the literature survey on object 
oriented database management systems is given along with the list of 
important features for that type of system. In section six, Surveys, the 
surveys are presented along with the results of them. Section seven, A 
protocol for evaluating an OODBMS, contains the protocol that is developed 
based on the results in the previous sections. Then, in the Conclusion and 
discussion section, a conclusion is made from the work and a discussion on 
the reliability and validity of the results are given. The last section is a list 
of references used writing the thesis. 

1.1. Aims and objectives 

The aim of this work is to explore what features influence the choice of 
database system. The thesis identifies the features and gives a proposed 
rate on how important they are compared to each other. This will make it 
easier to evaluate and compare different object oriented database 
management systems and thereby make it easier to select what system to 
use. 
  

1.2. Specific goal 

This work produces a protocol containing information on which features are 
important and how important they are. The benefit from such a protocol is 
that it would be a little bit easier to evaluate and chose object oriented 
database management system. This contributes to the evaluation of 
usability and improvement of the object oriented database systems and 
may be leading to an increased use of object oriented databases.  
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2. Background 

The first object oriented programming languages were created in the late 
sixties [16], [17]. There popularity has since the increased rapidly [8]. The 
first databases were also developed in the sixties. It was developed in the 
Apollo moon-landing project [1]. Databases are today used in almost all 
applications developed [1] and the applications are mainly developed in 
object oriented languages [8]. The applications are becoming more and 
more complex. Systems such as CAD, GIS and CASE have great needs for 
storing complex data in a persistent way. That is the basic reason why the 
need for an object oriented database has arisen. 

2.1. Context 

This thesis is concerned with the next generation of databases. That is the 
object oriented databases. The thesis focuses on object oriented database 
management systems (OODBMS) and how to evaluate such a system. The 
today commonly used relational databases [1] are examined to find 
features that are important for a database management system. Then 
these features are projected to object oriented databases. 

The Object Data Standard 

The Object Data management Group has developed a standard that covers 
object database management systems and object-relational mappings. This 
standard is today implemented by several database systems. The standard 
specifies a complete reference for developers and developing object 
oriented database systems and for people working with them. The complete 
standard is published in [14]. The object-relational mappings are often 
called bindings and are supposed to make the persistent storage accessible 
from a specific programming language [18]. 

Orthogonal persistence for Java 

At Sun Laboratories the Forest Project began in July 1995 and ended in 
September 2000. This project was concerned with a type of persistency 
called orthogonal persistency, [23], [1]. The basic idea with orthogonal 
persistence is to hide from the user when the object is stored in long term 
storage and when it is stored in short term storage; the procedure of calling 
a method on the object must be the same [1]. PJama is an implementation 
of orthogonal persistence for java developed in the Forest project. An early 
report from the experiences with persistent java is published in [24]. The 
design goals with PJama are to be able to store any object in a persistent 
way and to handle disk garbage collection and more [19]. For further 
reading on the principles of orthogonal persistence please consult [20]. For 
the final specification of the PJama system please consult [21]. 
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2.2. Problem description 

The problem this thesis explores is how to evaluate a number of object 
oriented database management systems and compare them to be able to 
select which one to use. The decision to actually use an object oriented 
database is already taken. For a guideline on when to make such a decision 
please consult [5]. The investigated problem arises when the developer 
have a large number of systems and a limited time for evaluating them. 
The thesis suggests a protocol for evaluating OODBMSs. Evaluating a 
system according to the protocol gives the user a measure that can be used 
to select a few systems for further investigation, testing and evaluation. 
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3. Research approach 

The work carried out leading to this thesis is an exploratory process. That is 
because a protocol of this kind has never before been published for use on 
object oriented database management systems. 

3.1. Methodology 

Literature survey 

The first step in the research is to conduct a survey on the literature 
available on object oriented database management systems. This is done 
by browsing through the available books at the Infocenter, the library at 
Blekinge Institute of Technology. Papers and articles are also searched for 
on the Internet. The literature survey is performed to create a more deep 
understanding of databases in general and object oriented databases in 
particular. 

Interviews 

The second step in the research is to perform interviews with people 
working with databases. A number of people are interviewed in an informal 
way. That is because the interviewed people shall have a freedom to speak 
their own ideas and opinions. As a base for the interviews the results from 
the literature survey are used. The people that are interviewed are the 
following. 

• Two persons working as database administrators. 
• One person working as system developer. 
• One person working as both database administrator and system 

developer. 
• Three students at the software engineering program at Blekinge 

Institute of Technology. 
 
The reason to why these people were selected is to get to views on the 
problem. The people working with databases as a profession in the industry 
have a great knowledge about how databases work in real life. The students 
on the other hand has the theory fresh in mind and are open minded to 
new technology and not “burden” with experiences that influence there way 
of thinking. The combination of these two views gives a good and complete 
picture of what is important in a database management system. 

Surveys 

The third step in the research approach is to perform two surveys. The 
surveys are used to verify the results of the theory study and the results 
from the interviews. A survey is a powerful tool to use to gather the opinion 
of different people about a certain issue. Using the survey, many peoples’ 
opinions can be taken into account and the final result produced is 
therefore more reliable compared to a result based on a very small group of 
peoples’ opinions. An attractive alternative to the surveys is to extend the 
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interviews to include more people. The big difference between a survey and 
an interview is than during an interview the person asking the questions 
can adapt to the situation. It is possible to ask questions based on 
previously given answers and so on. In a survey the questions are fixed and 
are not subject to changes during the conduction of the survey. The 
problem with that is that it occupies more time for all parties involved. A 
survey can be formulated in a way so it won’t take more than half an hour 
to answer the questions of it for the persons taking part in the survey. The 
important thing when doing that is to ask the correct questions, to be able 
to get the correct answers. The meaning of correct answers is not that the 
answer is what you predicted prior to the survey but that it actually is an 
answer to the question you asked. When performing an interview a 
misunderstanding is easily detected and can be sorted out right away. This 
is not possible when conducting a survey and that is why it is very 
important to ask the proper questions. In this case the questions in the 
survey are created during the literature study and during the interviews and 
can therefore be considered as proper as possible. 
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4. Database management systems 

A database management system (DBMS) is a system designed to give the 
user control over the database and the use and distribution of the data 
stored in the database. 
 
“A software system that enables users to define, create, maintain and 
control access to the database.” 
 
This is the definition of a DBMS as given in [1] and indicates that a DBMS is 
a very complex piece of software. The main reason to the complexity of a 
database system is the nature of the database phenomenon. The basic idea 
with creating a database is to find a way to manage information used within 
a business domain. That data are, even in small companies and 
organisations, often changing rapidly and used in many places and 
situations and in many ways. These circumstances set the requirements on 
the database systems’ flexibility and ability to adapt to new situations on a 
high level. The problem with that is that the actual software is static when it 
is once compiled. The solution is to develop an application allowing the user 
structure and manage the changing data in a non-changing way. The user 
is given a way to extract, insert and update the data in the information 
storage application. 
To be a complete DBMS the system has to provide a number of features to 
the users. These features can be divided in three parts. The first part is 
general features. Second is the features used by the database administrator 
and third the features used by the system developers. In the next sections 
these features are listed and briefly discussed. 

4.1. General features 

Feature 1: The DBMS gives the user a tool to create databases and 
define its contents. 

This can be done in several ways but it is today done in high-end GUI 
applications in most DBMS. This tool provides an easy way to define a 
database and the content of the database. The user can create a set of 
relations and add properties to them. The user can also define of what 
types the data is. In many cases there are also ways of defining valid 
intervals and values for the different attributes. This could be seen as a set 
of features but is here seen as one feature because it is the basic 
functionality that is included in most DBMS [1]. 

Feature 2: The DBMS must provide a Data Definition Language 
(DDL). 

The DDL is used to create, alter and delete databases and create 
relationships. It is used in the same way as the tools mentioned above, but 
leaves the user with total control, and therefore total responsibility, of the 
creation of the database. The DDL is also used to define relationships 
between different relations and to add constraint to them [1]. 
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Feature 3: The DBMS must provide a query language to the user. 

The query language is used to extract and insert data to and from the 
database. The query language is also used to modify the data in the 
database and is therefore also referred to as Data Manipulation Language 
(DML) [1]. 

Feature 4: The DBMS must provide a security system. 

The security of a DBMS is very important due to several reasons. First of all 
the data contained in the database is often sensitive in the way that it could 
harm the owner if it ends up in the wrong hands [1], [26]. That is the data 
is often business secrets. The data could also be of the type that is legally 
protected, which means that the owner of the database is legally bound to 
make sure the data is not redistributed. This sets very high requirements 
on the DBMS when it comes to security. The DBMS should therefore provide 
a way to protect the data in the database. This is often implemented by 
providing a set of roles. A user of the database is then associated with one 
or a number of roles, for example database administrator and backup user. 
The DBMS provides tools for creating users and setting security on 
databases and relations.  

Feature 5: The DBMS must provide consistency and integrity. 

The DBMS is supposed to provide a system for ensuring the consistency 
and integrity of the data stored in the database. That is the data should 
always be the same from all views no matter who is currently accessing it, 
[1]. 

Feature 6: The DBMS should hide system complexity from the 
user and provide concurrent access to the data.  

The user is neither supposed to know the physical structure of the data, nor 
the physical location of the data [10]. The DBMS also hides who is 
accessing the data from the user. That is the DBMS provides concurrency 
control. This is important because without it only one user could use the 
database at the time. The DBMS makes sure several users can access the 
data simultaneously without knowing about each other. 

Feature 7: The DBMS must provide a system for recovery control. 

This is important because the data in the database is in most cases a 
valuable resource to the owner and is not to be spoiled in the case of a 
system failure [1]. The requirements of today’s databases are in many 
cases 24-hour uptime a total safety of the data. To fulfil these requirements 
both during hardware and software failure the DBMS has to provide 
recovery control. The recovery control includes secondary storage 
management. 
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Feature 8: The DBMS must contain a description of the data 
stored in the database. 

This data should also be stored in the database and referred to as Meta-
data [1]. From this Meta-data a data dictionary can be generated 
automatically. But in many cases there are some more information added 
to the data dictionary. That is a non-technical description of the data. This 
description tells the reader of the data dictionary what the data represents 
and what it is used for in the business domain. 

Feature 9: The DBMS should provide a report generator to the 
user. 

This is a convenient way to generate reports based on the data stored in 
the database for a user that is not familiar with databases. This type of 
report generators is often included in desktop database systems and not in 
large mainframe systems. In the latter case a small network client tool can 
be shipped with the DBMS that provides the report generation tools. 

Feature 10: The DBMS must have acceptable performance. 

The DBMS has to be able to retrieve data within a certain time frame. That 
is because of the requirements of today’s graphical interactive software 
applications. If an application stops responding for a, not very long, period 
of time most users will assume there has been a failure [25]. In other 
words the old saying “better late than never” is not true in the case of 
databases. 
 
The goal of a database management system is to provide an easy way of 
controlling the data and the access to the data to the user. The users of a 
DBMS can roughly be divided into two groups, database administrators and 
system developers. In the next two sections the features that are important 
to these two user groups are discussed. 
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4.2. Features specific to the interest of database  
  administrators 

A database administrator (DBA) is responsible for, and in some cases even 
performs, all activities related to maintaining the database environment. 
The tasks of the DBA include designing and implementing the database. 
The most important task for the DBA is in most cases the maintenance of 
the database. The DBA is also responsible for establishing policies and 
procedures describing the use of the database. These polices should take 
many things into account such as security, maintenance, business goals of 
the organisation and training of the persons interacting with the DBMS in 
database management and use. The DBA is supposed to be up to date on 
emerging technologies and new design approaches within the database 
technology area. 
As a result of interviews with persons currently working as DBA the 
following features turns out to be the most important features of the DBMS 
from the DBAs’ point of view. 

Feature 11: Good and easy to use back up and recovery tools. 

As stated above the requirement of the DBMS is to provide a system for 
recovery control. Although that is good it is note worth very much if the 
DBMS does not include useful tools for making controlled backups and 
recover lost data from previously made backups. 

Feature 12: Easy to use tools for creating and altering databases. 

In many cases databases are created and changed many times during 
testing and development. That is often done by the DBA because he/she 
wants to maintain control over the DBMS. To be able to do this without 
taking too much time from other obligations or letting the users wait far too 
long the tools must be good. A good tool seems to be a tool where the DBA 
can create a database and get it up and running fast and alter it at a later 
moment to make it smoother. That gives the users of the new database 
access to the database faster and the DBA more freedom to plan the work. 

Feature 13: Good and easy to use tools for setting security options. 

As stated above the data stored in the DBMS is often sensitive in one way 
or another. That means that it must be easy to set restrictions on what the 
users of the databases is allowed to do and what data they are allowed to 
access. The best alternative is the “deny-all” policy. That is that the users 
have absolutely no rights in the DBMS until the rights are exclusively given 
to the user by the DBA. A DBMS that implements this policy leaves the DBA 
in total control of the access to the data. 
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Feature 14: Good tools for analysing the use of the database. 

When the databases are up and running the DBA is supposed to maintain 
both hardware and software, to get the most from the databases. The 
DBMS must include tools for analyzing the use of the databases. Which 
users are requesting which data and when? How much network traffic goes 
in and out from the database server? How much of the CPU power is used 
performing the user requests? These are questions that analyzing tools of 
the DBMS must answer to let the DBA take appropriate actions to maintain 
the database in the desired state. 

Feature 15: Good tools for tuning the database performance. 

In many cases the performance of the database can be greatly improved 
not just by adding more hardware. Defining appropriate indexes and 
making best use of the present hardware is in many cases a good and 
cheap alternative. The better tools for making that tunings of the database 
the better use can the DBA make of the, in many cases expensive, 
hardware. 

Feature 16: A documentation of the DBMS that is useful. 

That means a documentation that is well structured and divided in at least 
three parts. The first part is an introduction to the system. This part is short 
and it is read by the DBA before installing the system to get a “feeling” for 
the DBMS. The second part is the installation guide. This is an important 
document and to be useful is must include descriptions and explanations of 
the installation and the different options available during the installation 
process. The third part of the documentation is the full system 
documentation. This documentation is to include descriptions of all 
functions in the DBMS. To be useful it has to include some form of index the 
DBA can use to find what he or she is looking for. 
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4.3. Features specific to the interest of system  
  developers 

The system developer is either writing computer software that is accessing 
the data in the databases or developing the databases itself. These two 
groups have different requirements on the database but will here be treated 
as one group because from this thesis’ point of view the difference between 
the two groups could be neglected. As a system developer the following 
features of the DBMS are important. 

Feature 17: Stored procedures. 

Stored procedures are a great feature of today’s relational database 
management systems (RDBMS). It allows the developer to create advanced 
queries and store them in the database. The result is that a developer who 
wants to run that query simply calls the stored procedure in the database, 
very much like calling a method on an ordinary object [12], [22]. The 
developer gets a query result back from the procedure. This allows the DBA 
or a system developer to create an advanced query and store it on a central 
location for reuse by other developers. 

Feature 18: Triggers. 

Triggers are a functionality to maintain and ensure the integrity of the data. 
A trigger is defined to be run before or after a query is run on a specified 
table or set of objects in the database. The trigger checks the integrity of 
the data when the query is performed to make sure it is intact. If it is not 
the query is not allowed to execute. 

Feature 19: Views. 

Views are a way for the DBA to create specialized tables and data sets for 
different users. This is a great tool because the users of the database may 
want to have different structures of the database and the DBA another 
structure that fulfils the performance requirements. The views can simulate 
different structures for different needs from the same database. 

Feature 20: A good Application Programming Interface. 

A good application programming interface (API) is an important 
requirement of the DBMS from the developer’s point of view. This is 
because if the DBMS lacks a good API the developer can’t take advantage 
of the power of storing data in a database.  

Feature 21: A good documentation of the Application Programming 
Interface. 

A good API is not enough, the documentation of the API is also important. 
The API documentation must include some form of index to make it easy to 
use. A simple listing of all functions is not preferable because of the 
complexity and variety of many DBMS today. 
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Feature 22: Query analyzer. 

A nice client tool for testing queries is preferable. This is a good thing for 
the system developer. The client tool allows the developer to test the 
correctness of queries without developing his or her own presentation tool. 

Feature 23: Table and query viewer. 

As a part of the tool mentioned above a function for displaying results of 
queries and listing tables should be included. That makes it easier for the 
developer to actually see the results of the queries he or she is working 
with before the graphical user interface (GUI) of the application is finished. 
And even if the GUI is finished it is in many applications the case that the 
results of the queries is not presented to the directly user, for example 
when logging on to a system. 
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5. Object oriented database management 
  systems 

For a system to be considered an object oriented database management 
system (OODBMS) it must fulfil the following two requirements. First it has 
to be a database management system and second it has to be an object 
oriented system [2], [14], [9], [10]. In this section the important features 
specific to an OODBMS is described. For more details on this topic please 
consult [2], [14], [1] and [15]. The presentation of the features follows the 
classification proposed in [2]. 

5.1. Mandatory features 

The mandatory features shall be present in the system if the system shall 
be considered an OODBMS. The following features are proposed to be 
mandatory, [2], [1]. 

Feature 24: Ability to store complex objects. 

The OODBMS shall be able to handle and store complex objects [13], [2]. A 
complex object is an object that consists of several other objects, for 
example integers and strings. A complex object also includes methods and 
thereby behaviour. When working whit a modern object oriented language 
all instances of user-defined classes can be considered as complex objects. 

Feature 25: Object identity. 

The OODBMS shall support object identity, [2], [14]. Object identity is that 
every object can be uniquely identified in any given moment. Two objects 
of the same type and with the same values would probably merge to one 
object in a RDBMS but in an OODBMS the two objects shall be separated 
and uniquely identified. 

Feature 26: Encapsulation. 

Encapsulation shall be supported by the OODBMS, [2], [15]. That means 
there has to be some support for data and functionality hiding. That is 
because the developer designs the classes with private and public areas. 
These areas and access restrictions must be paid attention to by the 
OODBMS. 

Feature 27: Types or classes shall be supported. 

The user shall be able to define own types or classes [2], [14]. A discussion 
on the difference between a type and a class can be found in [2] and [11]. 
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Feature 28: Class hierarchies or inheritance. 

The OODBMS shall support class or type hierarchies or inheritance [2], 
[15]. This is because inheritance is used in almost all modern object 
oriented languages. If the class hierarchies created by the developer cannot 
be stored in the database the meaning with an object oriented database is 
in some way lost. 

Feature 29: Overriding, overloading and late binding. 

The system shall support the object oriented core features overriding, 
overloading and late binding [2], [15]. (Late binding is in many books 
referred to as dynamic binding.) This is a requirement that is needed if the 
system shall support general classes and behaviour and a direct sub-
requirement of the inheritance requirement. 
 

Feature 30: High ability to express functions in DDL. 

It shall be possible to express any commutable function in the DDL [2]. This 
is in most cases solved by using an existing programming language as DDL 
[2]. 
 

Feature 31: Extensibility. 

The system shall support extensibility [2], [14]. Extensibility means that 
the data types that are predefined in the OODBMS shall be possible to use 
as base classes for inheritance. Completely new types shall also be possible 
to create. The procedure of using a user defined data type and a system 
predefined data type shall be the same. 
 

Feature 32: Transparent persistency. 

The OODBM shall be persistence [2], [1]. That is in some way obvious 
because it is one of the basic ideas with a database. It is listed because 
persistence shall be provided without user interaction. That is the user shall 
not be required to specify what data in the database that is to be persistent 
in any other way but actually putting the data in the database. 

Feature 33: Ad hoc query language. 

The OODBMS shall provide an ad hoc query language to the user [2], [14]. 
This language shall make it easy for the user and/or developer to extract 
data from the database. 



A guideline to evaluating OODBMSs 

- 16 - 

5.2. Optional features 

The following features is not required but preferred according to [2]. 
Depending on the situation the following features can be more or less 
important. For example when working with java, support for multiple 
inheritance in the database has no priority because java itself does not 
support multiple inheritance. C++ does support multiple inheritance, so 
when working with C++ multiple inheritance support in the database could 
be essential. 

Feature 34: Multiple inheritance. 

In some object oriented languages, for example C++, multiple inheritance 
is allowed. In those cases the OODBMS needs to support multiple 
inheritance [2]. Other languages, such as Java, do not support multiple 
inheritance. So if the OODBMS is to be used with a language that supports 
multiple inheritance, so must the OODBMS. 
 

Feature 35: Type checking. 

The authors of [2] argues that the type checking is no requirement for an 
OODBMS, but the more type checking that is performed the better it is. 
 

Feature 36: Distribution support. 

The support for distribution is a very good thing [2], [1]. It is not a 
requirement but clearly adds a great value to the OODBMS. If the database 
can be divided or mirrored to different physical machines and locations both 
accessibility and failure recovery capabilities increases. But this feature 
adds complexity to the system. 
 

Feature 37: Nested transactions. 

Many of today’s business rules tend to result in this kind of transactions [2]. 

Feature 38: Versioning. 

Many new applications require some kind of versioning and in these cases it 
is necessary for the OODBMS to support versioning [2]. 
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6. Surveys 

During the literature study and the interviews a list of features was created. 
It listed all the important features of a database system in general and 
those specific to an object oriented database system. To be able to create a 
protocol for evaluating an object oriented database management system 
that features had to be ranked in some way. The ranking should illustrate 
how important the different features are compared to each other. All 
features cannot possibly be equally important to the composed impression 
of the system. To find out which features are more important and which 
features are less important a two-step survey was carried out. The first step 
was about database management systems in general and tried to rank the 
features from section 4. The survey gave as a result the internal ranking on 
the features of a database management system. The second step survey 
was specifically about object oriented databases. The survey gave the 
internal ranking on the features of object oriented databases from section 
5.1 – 5.2. 

The survey appearance 

The survey is in the shape of a web site published on the Internet. An email 
asking system developers and database administrators to visit the web site 
and fill out the survey is sent out to several companies. The companies are 
selected from the yellow pages under the category headlines Information 
Technology, Computers, Software, Software systems and so on. The 
companies selected are primarily working with some computer and/or 
software related tasks. That is because the survey tries to investigate the 
opinions of people working with the development of databases and 
computer systems. Those peoples are most likely found at such companies. 
The features of the database systems are presented to the visitor to the 
people filling out the survey. The web site visitor (the person filling out the 
survey) is then asked to give his/her opinion on how important the current 
feature is. Figure 1 presents a screenshot from the survey web site. 
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Figure 1. Screenshot from survey web site 
 
The survey uses a fixed set of answers to all the features. This is the case 
for several reasons. 

• It is easier for the person filling out the survey to grade how 
important the different features are compared to each other if a 
fixed grade scale is provided. 

• If a fixed set of choices is used the risk of a misunderstanding is 
considerably less than if open questions are used. 

• If fixed choices are used it requires little work and creativity from 
the persons filling out the survey and the response frequency could 
therefore be higher. 

• The different answers can be given an id and the results can be 
analyzed in a numerical way using for example a spreadsheet 
program. 

• If it is easy to analyse the results from the survey it is easier to draw 
useful conclusions from it, hopefully resulting in higher quality on 
the final outcome. 

 
A survey is also marred by shortcomings. The most important ones are 
listed here, and a short explanation of what have been done to minimize 
their impact on the results is given. 

• The questions in the survey can be misinterpreted. To avoid this, the 
questions, or the features, in the survey have been based on both a 
literature survey and discussions with people working with 
databases. 

• A problem with asking multiple-choice questions is that the person 
answering the question does not find a suitable answer. This is hard 
to avoid, but it is captured with the introduction of a “no opinion” 
choice. 
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The possible answers to give in the survey for the people answering the 
survey questions are the following. 

• Mandatory. The person thinks that the current feature is mandatory 
to the system. In other words if the feature is not present the 
system is useless. 

• Important. The person thinks that the current feature is not 
mandatory but almost. If the current feature is not present the 
person will probably use another system where the feature is 
present. 

• Less Important. This means that the current feature is nice if it is 
present but the lack of the feature would not constitute a big 
problem. 

• Not Important. A feature classified as not important is more or less a 
convenient feature, such as syntax highlighting. It is nice if it’s 
there, but has no impact on the choice of system. 

• No Opinion. The person filling out the survey has no opinion on how 
important the current feature is. 

Weighing the options to get the rate of importance 

The first thing to do is to calculate the fraction of all answers for each 
feature. The second step is to select the features where more than half of 
the people attending the survey gave the choice “Mandatory” as answer. 
Those features are then called mandatory in the protocol. The fractions for 
the answers “Important”, “Less Important” and “Not Important” and 
“Mandatory”, where the fraction is less the half, are then multiplied with 
different factors to create the weight to be used in the protocol. The factors 
are for “Mandatory” – 7, for “Important” – 5, for “Less Important” – 3 and 
for “Not Important” – 1. The weight is calculated as this: 
Weight = 1 x fraction_not_important + 3 x fraction_less_important + 5 x 
fraction_important + 7 x fraction_mandatory. 
 
The following sections describe in detail how the two surveys were 
conducted and what specific results came out of them. 
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6.1. Survey on DBMS features 

The survey on the features of database management systems was divided 
into three parts. The three parts were derived from a categorization of the 
features and were: general features, features important from the system 
developers’ point of view and features important to the database 
administrators.  
A web-based form was used to gather the data. The survey was structured 
in the following way. On the first page a short introduction to the survey 
was given. The person filling out the survey was asked to either continue as 
System Developer or as Database Administrator. The different features 
were then presented to the person filling out the survey and he or she was 
asked to rank the features. The first ten features were the same despite the 
choice to continue as developer or administrator. This is because the first 
ten features are general and important to all people working with the 
database. Then six features specific for developers follows, if the developer 
role was selected. If administrator is selected, seven features of interest for 
the database administrator were presented. At the end the survey web site 
visitor was asked to give some information about him/her self. The 
requested information was email address, age and years of experience with 
databases. The survey also asked if the person had any experience from 
working with object oriented databases, and if I was allowed to contact the 
person regarding the second survey. In this way I came in contact with a 
number of people that had experience from working with object oriented 
databases. These people were later asked to take part in the survey on 
object oriented database management systems. 
The mail with the introduction to the survey and the link to the survey web 
site was sent out to 134 companies, all of them in Sweden. Most of the 
companies were IT-related companies, but a handful was from other 
business areas, like hotels. To be able to make statistically supported 
conclusions in a survey like this the number of people answering the survey 
has to be in the order of 30 or more [6]. This is less than the number of 
people generally attending these kinds of surveys. The reasons why more 
people are not included are the following. First there are statistical theories 
supporting surveys with a small number of participants and despite that 
getting an acceptable level of uncertainty. Second the people attending the 
survey have this field as there profession and the uncertainty are therefore 
smaller than would otherwise have been the case. 
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6.1.1. Results from survey on DBMS features 

There were 11 persons taking part in this survey. The feature number is the 
number given to the features of section 4.1 – 4.3. Presented in the table 
are the fractions of the answers corresponding to the different answers for 
each feature. In the rightmost column the weight is given or an M for 
mandatory. 
 
Factor N/A 1 3 5 7   
Feature 
number No opinion Not 

important 
Less 
important Important Mandatory Weight 

1 0,00 0,00 0,09 0,36 0,55 M 
2 0,00 0,00 0,00 0,20 0,80 M 
3 0,00 0,00 0,00 0,00 1,00 M 
4 0,00 0,00 0,00 0,22 0,78 M 
5 0,11 0,00 0,00 0,22 0,67 M 
6 0,00 0,00 0,00 0,33 0,66 M 
7 0,00 0,00 0,11 0,33 0,56 M 
8 0,00 0,11 0,11 0,44 0,33 5,00 
9 0,00 0,11 0,89 0,00 0,00 2,78 
10 0,00 0,11 0,00 0,89 0,00 4,56 
11 0,00 0,00 0,00 0,67 0,33 5,67 
12 0,00 0,00 0,00 1,00 0,00 5,00 
13 0,00 0,00 0,67 0,33 0,00 3,67 
14 0,00 0,00 0,00 0,33 0,67 M 
15 0,00 0,00 0,00 1,00 0,00 5,00 
16 0,00 0,00 0,00 0,33 0,67 M 
17 0,00 0,00 0,00 0,33 0,67 M 
18 0,00 0,00 0,17 0,50 0,33 5,33 
19 0,00 0,00 0,00 0,83 0,17 5,33 
20 0,00 0,17 0,00 0,50 0,33 5,00 
21 0,00 0,00 0,00 0,33 0,67 M 
22 0,33 0,00 0,00 0,33 0,33 4,00 
23 0,17 0,00 0,00 0,50 0,33 4,83 
 

Table 1. Results from survey on DBMS features. 
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6.1.2. Comments on the results from the survey on DBMS 
features 

The results from the survey were expected. The features that are very 
central to the concept of databases were considered to databases and most 
of the other features were considered very important. The feature that was 
considered least important was feature 9, a report generator. The reason to 
this is that report generators are used on desktop computers and database 
servers are not used on desktop computers. When concerned with desktop 
databases such as Microsoft Access or Oracle9i Personal Edition the report 
generator is likely to be considered more important. That is because these 
systems are run on desktops and used more directly than a database 
server. 
 
The companies that did not respond to the first mail regarding the survey 
were contacted again with a second mail. But despite that the number of 
answers to the survey was very low. On the other hand the persons 
answering to the survey had been involved in working with databases for at 
least five years. 



A guideline to evaluating OODBMSs 

- 23 - 

6.2. Survey on OODBMS features 

The survey on OODBMS features was very much like the survey on DBMS 
features. It was sent out to the people answering the first survey and who 
had given the information that they had experience from object oriented 
databases. There was no categorization of the features presented in the 
survey. 

6.2.1. Results from survey on OODBMS features 

There were 4 persons taking part in this survey, but unfortunately all 
persons did not answer all questions. The feature number is the number 
given to the features of section 5.1 – 5.2. Presented in the table are the 
fractions of the answers corresponding to the different answers for each 
feature. In the rightmost column the weight is given or an M for mandatory. 
 
Factor N/A 1 3 5 7  
Feature 
number 

No opinion 
Not 
important 

Less 
important 

Important Mandatory Weight 

24 0,25 0,00 0,00 0,50 0,25 4,25 
25 0,50 0,25 0,00 0,00 0,25 2,00 
26 0,00 0,00 0,00 1,00 0,00 5,00 
27 0,00 0,00 0,00 1,00 0,00 5,00 
28 0,00 0,00 0,00 0,33 0,67 M 
29 0,33 0,00 0,00 0,33 0,33 4,00 
30 0,00 0,00 1,00 0,00 0,00 3,00 
31 0,33 0,00 0,00 0,33 0,33 4,00 
32 0,00 0,00 0,00 0,33 0,67 M 
33 0,00 0,00 0,00 0,67 0,33 5,67 
34 0,00 0,00 0,67 0,33 0,00 3,67 
35 0,00 0,00 0,67 0,33 0,00 3,67 
36 0,00 0,00 0,33 0,67 0,00 4,33 
37 0,00 0,00 0,33 0,67 0,00 4,33 
38 0,00 0,00 0,50 0,25 0,25 4,50 
 

Table 2. Results from survey on OODBMS features. 

6.2.2. Comments on the results from the survey on OODBMS 
features 

The fact that only four persons answered to this survey has probably 
affected the results. The ratings found are very depending on the situations 
in which the persons answering to the survey have used object oriented 
databases. The persons answering the survey had at least five years of 
experience from working with databases and in one case over 25 years. 
This increases the correctness of the rating, despite the low number of 
answers. 
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7. A protocol for evaluating OODBMSs 

A protocol could be thought of as many different things. The interpretation 
of the word used in this thesis is that a protocol is a set of rules describing 
how to perform a certain task, for example a mutual communication. These 
rules also often describe when a certain task is supposed to be carried out. 
In the area of computer communication, for example, the meaning of the 
word protocol is a set of rules for mutual communication. For example on 
how protocols are used within computer communication see [7]. Below is a 
sample from a communication between two people. First the actual 
conversation is given, then a protocol describing how the conversation is to 
be carried out. The idea with this is to show that the protocol could be used 
as a description of how to perform a certain task, in this case a 
communication between two people. 
 

Person A Person B 
  
Hi.  
 Hi. 
How are you?  
 I am fine. 
Ok  
 How are you? 
I am fine too.  
 Ok 
Bye  
 Bye 

 
Considering the structure in this conversation to create a protocol from that 
structure describing how conversations of this kind should be carried out 
the following can be found. First of all there are two individuals involved in 
the conversation. Person A is the first to say anything and is therefore the 
initiator of the conversation. Person B is then the responder. When one of 
the individuals says anything the other individual is supposed to say 
something that confirms that he or she heard what the other individual 
said. The protocol could look like this. 
 

Initiator Responder 
  
<Hello message>  
 <Hello message> 
<Question message>  
 <Answer message> 
<Acknowledge message>  
 <Question message> 
<Answer message>  
 <Acknowledge message> 
<Termination message>  
 <Termination message> 
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Described above is a protocol that could be spread out among people and 
they would all know how to perform this kind of conversation. That is the 
basic idea with the protocol created in this thesis; to spread it out to 
constitute a common base for evaluations of object oriented database 
systems. 
 
The meaning of the word protocol as used in this thesis is the following. A 
protocol is a description of how to carry out a certain task, in this case how 
to evaluate object oriented database management systems. The protocol 
states what should be done and in what order it should be done. The 
protocol leaves to the user, or the implementer, of the protocol to decide on 
how to perform the tasks described by the protocol. Still some things are 
fixed in the protocol and are therefore not subject to the implementer’s 
decision making. Yet some other things require the user to make some 
active decisions on how to implement the proposed task of the protocol. For 
example it is up to the user of the protocol to decide what a good and what 
a bad API is and what scale to use when grading it. The internal ratio on 
how important the different features of the system are is however stated by 
the protocol. 
The protocol could be seen as a skeleton describing how to perform the 
evaluation of a database system. Some things are fixed and not subject to 
the users influence. Still some other things are left open, or free, to the 
user. The user can set up own rules on these areas depending on the 
situation. 
The main area where the user is left with a great deal of freedom in this 
case is the grading of the different features of the system. The protocol 
leaves to the user to create a grading scale and decide the criteria for the 
different grades. The protocol just states a number of requirements on the 
scale that must be fulfilled. The protocol is designed in this way for several 
reasons. 
First of all the limited time made it almost impossible to test as many 
systems that would have been needed to be able to decide, on a fairly 
scientific ground, which are the characteristics of the different features that 
makes them bad, intermediate or good to use. 
Second terms like good and bad are objective terms. What a person 
understands as, for example, good system documentation depends on the 
person’s background and knowledge about the techniques used in the 
system. The same person can find the documentation good in one situation 
and poor in another situation, depending on the current needs. 
Third the situation where the system is used has a very high impact on 
what is seen as a good system. For example a system implemented in java 
may be easy to use, but when implementing real time systems it would 
probably not be fast enough and therefore considered a bad, or at least not 
a good, system. If the system had lower performance requirements on it 
but very high stability requirements, then the java system might have been 
preferable. 
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7.1. Evaluation process 

The first thing to do when evaluating an object oriented database system is 
to check if the features listed in the first section below is present. If they 
are not the system is, according to this protocol, not suitable to base an 
object oriented system development process on. On the other hand if the 
features are present the next step is to decide on a grading scale for the 
features in the second section of this protocol. 

7.1.1. Mandatory features 

All of the following features must be present in the system. For each 
feature check if it is present in the evaluated system and mark it in the 
table given in Appendix A. If needed add a comment in the same table. If 
all features in the table above are present in the system the next step is to 
decide on a grading scale. 

7.1.2. Creating the scale to use when grading the evaluated 
features 

What grading scale is to be used is completely free accept from the 
following requirements. 
The same scale must be used for all features. 
The number of grades on the scale must be fixed and the same for all 
features. 
All grades must be clearly defined; it must be clear what the meaning of 
each grade is. 
The grades on the scale must be, if not numbers, convertible to numbers in 
an unambiguous way. 
 
If the grades are not numerical a table with the numerical equivalence of all 
the grades must be set up. The numerical equivalence must be set up in a 
way that the best, or highest, grade is represented by the highest 
numerical value. This is because the results from different evaluations shall 
be comparable. An example of a good grading scale is to use ordinary 
numbers ranging from one to five. 
 
When the grading scale is set the actual evaluation can begin. 

7.1.3. Grading the features 

Grading the features is very much up to the uses of the protocol. The 
protocol itself does not give any guidelines on what systems should be 
given what grades. The process is simply walking through the list of 
features, evaluate them and grade them based on the scale decided. The 
list of features and the form where to fill in the grades are given in 
Appendix B. When all grades are given the weighted grades are calculated 
by multiplying the grades given, converted to numbers, by the user with 
the weight given by the protocol. The final score can then be calculated and 
compared with other systems. 
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7.2. Using the results generated by implementing the 
protocol 

There are several ways the results of the protocol could be used. The first 
way is described by the following situation. 
The user has briefly investigated a number of object oriented database 
management systems by reading the introduction to the manual or in any 
other way, decided by the user. The more systems that are briefly 
evaluated the better. From this number of systems a smaller number is 
selected based on the first brief evaluation. How many of the systems that 
are selected are up to the user to decide. All systems can be selected or 
just two or three, depending on what the user finds in the first brief 
evaluation process. It is recommended that at least four to five systems are 
selected for further evaluation. The user then evaluates these selected 
systems according to the protocol proposed in this thesis. When that is 
done the user can select the ones, maybe two or three systems, with the 
highest scores fur a deeper evaluation including implementation tests. In 
other words the result of the protocol is used as a hint on how to select the 
systems for a deep project or situation specific evaluation. 
The second way of using the results is to look at the grades for a specific 
number of features that are particularly important to the current situation, 
rather that looking at the total score of the system. 
If the results is to be compared with results generated by other people 
using a different grading scale the following steps must be undertaken. First 
the two different grading scales and the basic conditions for them must be 
investigated. It is possibly the case that the difference in the scale is so 
large that the final result is not comparable. That could be the case if the 
systems is to be used in different situations and the requirements on the 
systems, and thereby the grading of them, is different. Providing that is not 
the case and the conditions influencing the grades are possible to neglect 
the final score must be in some way normalized to be comparable to each 
other. This is done by recalculating the final score, and if needed all 
weighted grades, to a fraction of the maximum possible score. In this way it 
is possible to compare scores from evaluations using different grading 
scales. 
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8. Results and discussion 

This section is discussing the results of the thesis and the work leading to 
the results. The discussion is divided into four parts. In the first part the 
results from the work is summarised. The second part is about the 
reliability of the results of the work. The third part is about the validity of 
the created protocol. And last a section on future work is given. This section 
should be seen as a seed for further research in the area of object oriented 
persistent storage. 

8.1. Results 

The first result from the work is a list of mandatory features for object 
oriented database management systems. The list is found in Appendix A. 
The second result is a list of features that are not mandatory. This list 
contains weights on how important the features are compared to each 
other. The list is found in Appendix B. The third result is a protocol that 
describes how to evaluate object oriented database management systems. 
That protocol is found in section 7 of the thesis. The last result of the work 
is a guideline on how to use and compare the results produced when 
evaluating systems according to the created protocol. The guideline is found 
in section 7.2 of the thesis. All features referred to in the above mentioned 
lists are described in the sections 4.1 – 4.3 and 5.1 – 5.2. 

8.2. Reliability 

The reliability of the protocol could be looked at from two perspectives. The 
first perspective is looking at the reliability of the features found. This part 
is very reliable, i.e. the features found are actually the features that are 
important in an object oriented database system. These results can be said 
to have a high reliability because they were composed from theory studies 
and discussions with people actually working with databases. The second 
perspective is the rating of how important the features are compared to 
each other. This part is not as reliable as would have been desirable. That is 
mainly because the number of people answering the survey was so low; a 
total of just nine persons, that statistical generalisations cannot be made 
from the results of the survey [6]. Despite that the rating is more or less 
correct. That is because the people answering the survey were to a great 
extent having the same opinions. The people answering the survey were 
also working with databases and had a great deal of total experience, 
almost a century; 99 years!  
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8.3. Validity 

If other persons had been interviewed it might had been resulting in slightly 
different results. But that is not very likely. The protocol is valid under the 
following restrictions. It is only to be seen as a tool to use, among others 
methods, when evaluating and comparing different systems. The protocol is 
designed to be used as a tool for selecting a number of systems, from a 
wide range of systems, for further evaluation and testing. The protocol does 
not claim to be a complete way of evaluating an object oriented database 
management system.  

8.4. Future work 

One of the biggest problems with the reliability of the protocol is the 
number of people that answered to the survey. The result may therefore be 
not representative for the entire software engineering society. A new 
survey with more people answering to it would verify, and possibly correct, 
the rates on how important the different features are. 
 
Another task is to actually evaluate a number of systems using this protocol 
to verify its correctness. This could be done by giving two or more groups 
the same systems and the same preconditions and letting them evaluate 
the systems. The results from the two groups should then be very much the 
same. 
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Appendix A – Mandatory features checklist 

Feature 
number 

Check Comment 

1   

2   

3   

4   

5   

6   

7   

14   

16   

17   

21   

28   

32   
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Appendix B 

Appendix B – Feature list with weights 

Feature 
number 

Grade 
Grade 

converted to 
number 

Weight Weighted 
grade 

8   5.00  

9   2.78  

10   4.56  

11   5.67  

12   5.00  

13   3.67  

15   5.00  

18   5.33  

19   5.33  

20   5.0  

22   4.00  

23   4.83  

24   4.25  

25   2.00  

26   5.00  

27   5.00  

29   4.00  

30   3.00  

31   4.00  

33   5.67  

34   3.67  

35   3.67  

36   4.33  

37   4.33  

38   4.50  

   Total score  

 


