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Introduction

This poster profiles a project-based approach
employed in “Advanced Database Systems”
at Indiana University South Bend[3]. The
course reintroduces system development
topics in today’s contemporary computer
science curriculum.

The objective of this course is to design and
implement a mini database engine (MiniDB)
as the vehicle for fostering system
development skills. The engine in turn serves
as a platform for research and study of
contemporary topics such as security,
concurrency control, performance tuning, and
data mining.

The Course Structure

Conceptually, the Advanced Database course
and its project (MiniDB) are divided into five
phases: preparation; design and
implementation of core algorithms;
research in advanced algorithms;
implementation of advanced algorithms;
and presentation of the final project.
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Figure 1. The Five Phases of Constructing MiniDB

Conceptual Model

Conceptually, MiniDB can be viewed as a series of
concentric layers. Each layer provides a new level
of abstraction and moves the project closer to a
fully functioning database management system.
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Implementation Model

The design and implementation are broken down
into a series of deliverables. Each deliverable
serves two purposes. First, it seeks to
incrementally construct new building blocks tha
move the project toward the goal of a working
database engine. Second, it allows the studepts to
systematically refine the previously constructed
components.
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Access Mechanism

The goal of the first deliverable is to construct a
series of classes for creating and manipulating
simple data, index and meta-data files. These
three classes provide the basis for creating a
database table.

Data Definition and Manipulation

The goal of the second and third deliverables is
to develop a data definition and data
manipulation component for the MiniDB system.
Relational algebra is chosen for this purpose.

Class Mini_Rel_Algebra {
bool create(relation, schema);
bool drop(relation);

bool insert(relation, attribute_list, value_list);
bool delete(relation, attribute_name, condition, attribute_value);
bool modify(relation, search_attribute_name,
condition, search_attribute_value,
modify_attribute_list, modify_value_list);
result_rel select(relation, attribute_name, condition, attribute value);
result_rel project(relation, attribute_list);
result_rel cartesian_product(relation_1, relation_2);
result_rel join(relation_1, relation_2, condition_list);
result_rel union(relation_1, relation_2);
result_relintersect(relation_1, relation_2);
result_rel difference(relation_1, relation_2);

Figure 4. Relational Algebra Operations

Refining the Indexing Methods

In order to develop some tools for later optimization
of the database, two new index classes are
developed. The first class optimizes the existing
index class using hashing techniques. The second
class develops a cluster index class to handle
indexing based on non-key attributes.
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Figure 5. Cluster Index

Advanced Algorithms

The final phase of the course involves the creation
and integration of advanced components on top of
the basic MiniDB engine. During past offerings of
this course, students have been able to develop
algorithms for concurrency control, database
security, access control, database integrity [4],
external sorting, data mining [5], join optimization
[6], distributed databases [7], and deductive
databases.

Conclusions

This paper profiles the implementation of a course in “Advanced
Database Systems”. The primary focus of this course is to
study the inner working of system software, specifically how
database management systems work. The course
systematically leads the students through the design and
implementation of a database engine called MiniDB[3,8].

Similar project-based courses in advanced database design
were introduced by David DeWitt [9] and later extended by Mike
Carey and Raghu Ramakrishnan [10] at the University of
Wisconsin. Another system inspired by the DeWitt's model has
been implemented by Albano ef a/[11]. From our perspective,
the advantages of MiniDB compared to the above systems are
two fold. First, MiniDB has a smaller design footprint which
allows the students to more easily understand the concepts.
Second, MiniDB uses logical records storage and retrieval vs.
physical or page level I/O used by the above systems.

The above project-based, system development approach can
be applied to other courses such as computer networks,
computer graphics, and computer security. For example, a
computer networking course can be augmented such that,
through a series of assignments, students finish the course with
their own Mini NetworkAPI based on the OSI model. Students
in computer graphics could build their own Mini GameEngine.
As the computer science curriculum continues to refine and
redefine itself, we hope that system development will regain
more prominence in the curriculum.
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