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Chapter 1:  IntroductionChapter 1:  Introduction

� Purpose of Database Systems

� View of Data

� Database Languages

� Relational Databases

� Database Design

� Object-based and semistructured databases

� Data Storage and Querying

� Transaction Management

� Database Architecture

� Database Users and Administrators

� Overall Structure

� History of Database Systems

� Some Popular DB Systems

� Perspective: Databases vs. Information Retrieval

©Silberschatz, Korth and Sudarshan1.2

Database System Concepts - 5 th Edition, May 23,  2005

Modified by T. Suel for CS308, Polytechnic Universit y, Fall 2005

Database Management System (DBMS)Database Management System (DBMS)

� System for managing data

� DBMS contains information about a particular enterprise (application)

� Collection of interrelated data

� Set of programs to access the data 

� An environment that is both convenient and efficient to use

� Database Applications:

� Banking: all transactions

� Airlines: reservations, schedules

� Universities:  registration, grades

� Sales: customers, products, purchases

� Online retailers: order tracking, customized recommendations

� Manufacturing: production, inventory, orders, supply chain

� Human resources:  employee records, salaries, tax deductions

� Telecommunications: accounts, phone cards, 1-800

� But note: integration of different databases is a huge issue
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Purpose of Database SystemsPurpose of Database Systems

� In the early days, database applications were built  directly on top of file 
systems

� Drawbacks of using file systems to store data:

� Data redundancy and inconsistency

� Multiple file formats, duplication of information i n different files

� Difficulty in accessing data 

� Need to write a new program to carry out each new t ask

� Data isolation — multiple files and formats

� Integrity problems

� Integrity constraints  (e.g. account balance > 0) b ecome “buried” in 
program code rather than being stated explicitly

� Hard to add new constraints or change existing ones
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Purpose of Database Systems (Cont.)Purpose of Database Systems (Cont.)
� Drawbacks of using file systems (cont.) 

� Atomicity of updates

� Failures may leave database in an inconsistent stat e with partial 
updates carried out

� Example: Transfer of funds from one account to anot her should 
either complete or not happen at all

� Concurrent access by multiple users

� Concurrent accessed needed for performance and usab ility

� Uncontrolled concurrent accesses can lead to incons istencies

– Example: Two people reading a balance and updating it at the 
same time

� Security problems

� Hard to provide user access to some, but not all, d ata

� Database systems offer solutions to all the above p roblems
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Levels of AbstractionLevels of Abstraction

� Physical level: describes how data records (e.g., a customer) is st ored.

� Logical level: describes data stored in database, and the relation ships 
among the data.

type customer = record

customer_id : string; 
customer_name : string;
customer _street : string;
customer_city : integer;

end;

� View level: application programs hide details of data types.  V iews can 
also hide information (such as an employee’s salary ) for security 
purposes – in this case details are hidden from the application program
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View of DataView of Data
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Instances and SchemasInstances and Schemas

� Similar to types and variables in programming langu ages

� Schema – the logical structure of the database 

� Example: The database consists of information about  a set of customers and 
accounts and the relationship between them)

� Analogous to type information of a variable in a pr ogram

� Physical schema: database design at the physical le vel

� Logical schema: database design at the logical leve l

� Instance – the actual content of the database at a particular  point in time 
� Analogous to the current values of a set of variabl es

� Physical Data Independence – the ability to modify the physical schema without 
changing the logical schema

� Applications depend on the logical schema (or the v iew level schema)

� In general, the interfaces between the various leve ls and components should be 
well defined so that changes in some parts do not s eriously influence others.
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Data ModelsData Models

� A collection of tools for describing 
� Data 
� Data relationships
� Data semantics
� Data constraints

� Relational model

� Entity-Relationship data model (mainly for database  design) 

� Object-based data models (Object-Oriented and Objec t-Relational)

� Semistructured data model  (e.g., XML)

� Other older models:
� Network model  
� Hierarchical model
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Data Manipulation Language (DML)Data Manipulation Language (DML)

� Language for accessing and manipulating the data 
organized by the appropriate data model

� DML also known as query language

� Two classes of languages 

� Procedural – user specifies what data is desired and 
how to compute the data 

� Declarative (nonprocedural) – user specifies what data 
is desired without specifying how to compute the da ta

� SQL is the most widely used query language

� SQL is nonprocedural … basically
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Data Definition Language (DDL)Data Definition Language (DDL)

� Specification notation for defining the database sc hema

Example: create table account (
account-number char(10),
balance integer)

� DDL compiler generates a set of tables stored in a data dictionary

� Data dictionary contains metadata (i.e., data about  data)

� Database schema 

� Storage structure and supported access methods

� Specified using a data storage and definition language

� Integrity constraints

� Domain constraints

� Referential integrity (references constraint in SQL )

� Assertions

� Authorization
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Relational ModelRelational Model

� Example of tabular data in the relational model

Attributes
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A Sample Relational DatabaseA Sample Relational Database
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SQLSQL

� SQL: widely used non-procedural language

� Example: Find the name of the customer with custome r-id 192-83-7465
select customer.customer_name
from customer
where customer.customer_id = ‘192-83-7465’

� Example: Find the balances of all accounts held by the customer with 
customer-id 192-83-7465

select account.balance
from     depositor , account
where  depositor.customer_id = ‘192-83-7465’ and

depositor.account_number = account.account_number

� Application programs generally access databases thr ough one of

� Language extensions to allow embedded SQL

� Application program interface (e.g., ODBC/JDBC) whi ch allow SQL 
queries to be sent to a database
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Database DesignDatabase Design

The process of designing the general structure of t he database:

� Logical Design – Deciding on the database schema. Da tabase design 
requires that we find a “good” collection of relati on schemas.

� Business decision – What attributes should we record  in the 
database?

� Computer Science  decision – What relation schemas s hould we 
have and how should the attributes be distributed a mong the 
various relation schemas?

� Physical Design – Deciding on the physical layout of  the database

� Design at the application level (views, stored proc edures, interfaces)

� Logical design based on experience and based on sound theory                
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The EntityThe Entity --Relationship ModelRelationship Model

� Models an enterprise as a collection of entities and relationships

� Entity: a “thing” or “object” in the enterprise tha t is 
distinguishable from other objects

� Described by a set of attributes

� Relationship: an association among two or more enti ties

� Represented by an entity-relationship diagram:
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ObjectObject --Relational Data ModelsRelational Data Models
� Extend the relational data model by including objec t orientation and 

constructs to deal with added data types.

� Allow attributes of tuples to have complex types, i ncluding non-atomic 
values such as nested relations.

� Preserve relational foundations, in particular the declarative access to 
data, while extending modeling power.

� Provide upward compatibility with existing relation al languages.

XML:  Extensible Markup LanguageXML:  Extensible Markup Language
� Defined by the WWW Consortium (W3C)

� Originally intended as a document markup language, not a DB language

� The ability to specify new tags, and to create nest ed tag structures made 
XML a great way to exchange data, not just document s

� XML has become basis for all new generation data in terchange formats.

� A wide variety of tools is available for parsing, b rowsing and querying 
XML documents/data,
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Storage ManagementStorage Management

� Storage manager: program module that provides inter face between 
the low-level data stored in the database and the a pplication 
programs and queries submitted to the system.

� The storage manager is responsible to the following  tasks: 

� interaction with the file manager  (OS)

� efficient storage, retrieval and updating of data

� Components:

� authorization/integrity manager

� transaction manager

� file manager

� buffer manager

� Stores

� data (relations)

� data dictionary (sometimes called catalog)

� indexes
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Query ProcessingQuery Processing

1. Parsing and translation

2. Optimization

3. Evaluation
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Query Processing (Cont.)Query Processing (Cont.)

� Alternative ways of evaluating a given query

� Equivalent expressions

� Different algorithms for each operation

� Cost difference between a good and a bad way of eva luating a query can 
be enormous

� Need to estimate the cost of operations

� Depends critically on statistical information about  relations which the 
database must maintain

� Need to estimate statistics for intermediate result s to compute cost of 
complex expressions

©Silberschatz, Korth and Sudarshan1.20

Database System Concepts - 5 th Edition, May 23,  2005

Modified by T. Suel for CS308, Polytechnic Universit y, Fall 2005

Transaction ManagementTransaction Management

� A transaction is a collection of operations that performs a singl e 
logical function in a database application

� e.g., deposit, withdrawal, transfer between account s

� Transaction-management component ensures that the d atabase 
remains in a consistent (correct) state despite sys tem failures (e.g., 
power failures and operating system crashes) and tr ansaction 
failures

� e.g., system crash cannot wipe out “committed” tran sactions

� Concurrency-control manager controls the interactio n among the 
concurrent transactions, to ensure the consistency of the database

� e.g.,two users accessing the same bank account canno t 
“corrupt” the system or withdraw more than allowed
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Database UsersDatabase Users

Users are differentiated by the way they expect to intera ct with system

� Application programmers – interact with system through DML calls

� Sophisticated users – form requests in a database query language

� Specialized users – write specialized database applications that do 
not fit into the traditional data processing framew ork

� Naïve users – invoke one of the permanent application programs 
that have been written previously

� Examples, people accessing database over the web, b ank 
tellers, clerical staff
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Database AdministratorDatabase Administrator

� Coordinates all the activities of the database syst em; the 
database administrator has a good understanding of the 
enterprise’s information resources and needs.

� Database administrator's duties include:

� Schema definition

� Storage structure and access method definition

� Schema and physical organization modification

� Granting user authority to access the database

� Specifying integrity constraints

� Acting as liaison with users

� Monitoring performance and responding to changes 
in requirements

� Similar to Unix system administrator, but for the d atabase  
(and the DBMS)

� (Omitted here:  stored procedures)
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Database ArchitectureDatabase Architecture

The architecture of a database systems is greatly i nfluenced by

the underlying computer system on which the databas e is 
running:

� Centralized

� Client-server  (two-tier and three-tier)

� Parallel (multi-processor)

� Distributed
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Overall System Structure Overall System Structure 
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ClientClient --Server Application ArchitecturesServer Application Architectures

� Two-tier architecture:  E.g. client programs using ODBC/JDBC to  
communicate with a database (or embedded SQL)

� Three-tier architecture: E.g. web-based application s, and 
applications built using “middleware”

� Web server + CGI vs. application server
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History of Database SystemsHistory of Database Systems

� 1950s and early 1960s:

� Data processing using magnetic tapes for storage

� Tapes provide only sequential access

� Punched cards for input

� Late 1960s and 1970s:

� Hard disks allow direct access to data

� Network and hierarchical data models in widespread use

� Ted Codd defines the relational data model

� Later wins the ACM Turing Award for this work

� IBM Research begins System R prototype

� UC Berkeley begins Ingres prototype

� High-performance (for the era) transaction processi ng
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History (cont.)History (cont.)

� 1980s:

� Research relational prototypes evolve into commerci al systems

� SQL becomes industrial standard

� Parallel and distributed database systems

� Object-oriented database systems

� 1990s:

� Large decision support and data-mining applications

� Large multi-terabyte data warehouses

� Emergence of Web commerce

� 2000s:

� XML and XQuery standards

� Automated database administration
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Some Popular Database SystemsSome Popular Database Systems

� Big, expensive, “enterprise” 

� Oracle, IBM DB2 Universal Database, Sybase

� Lots of features, tens of thousands of $

� Multiple platforms, scalable to multiple machines

� Many extension packages for text, images

� Applications: SAP, Peoplesoft, IBM CICS

� Almost (?):

� MS SQL Server

� Many features, pretty good performance, cheaper

� Windows platform only

� MS Access

� Easy to use, simple interface

� Limited SQL, limited functionality

� not a real database?
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Some Popular Database SystemsSome Popular Database Systems

� Open Source

� mySQL:
� limited SQL, not good for OLAP 
� limited transaction support but fast lookups
� extremely widely used, e.g., web servers  (LAMP)

� postgreSQL: 
� rich SQL features, decent query optimizer
� Not as widely used but popular in academia

� MaxDB:   (formerly SAP DB)

� Developed by SAP from academic project, used under R/3

� Many features, but some more debugged than others
� Now renamed MaxDB, taken over by mySQL company

� Berkeley DB

� No SQL!!
� Embedded database, a few hundred KB size

� Basically a library of disk-based data structures w ith support for 
transactions
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OLTP, OLAP, and Data MiningOLTP, OLAP, and Data Mining
� Online Transaction Processing: 

� Many simple queries that update data

� E.g., bank account transactions

� Focus on data consistency, data protection, through put

� Online Analytical Processing:

� Complex query to explore data

� E.g., find total sales listed by product or region

� E.g., find customers that often fall behind in paym ents

� Focus on complex queries and performance on such qu eries

� Sometimes read-only

� Data Mining:

� Find interesting patterns in data

� Find rules or exceptions

� “tell me something interesting”

� Often all of these needed by different people

� Use the same system (DBMS) for all three???
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“IR is concerned with the representation, storage,
organization of, and access to information items” 

• focus on automatic processing (indexing, clustering,
search) of unstructured data (text, images, audio, ...)

• subfield of Computer Science, but with roots in
Library Science, Information Science, and Linguistics

• main focus on text data, but also images, audio, video

• applications: 
- searching in a library catalog 
- categorizing a collection of medical articles by area
- web search engines

Information Retrieval (IR)

©Silberschatz, Korth and Sudarshan1.32

Database System Concepts - 5 th Edition, May 23,  2005

Modified by T. Suel for CS308, Polytechnic Universit y, Fall 2005

• WW2 era computers built for number crunching:
ballistics computations, code breaking

• since earliest days, also used to “organize information”
- Memex (Vannevar Bush, 1945)

• today, this is the main application!
- store and organize data and documents
- model organizations and work processes

• Computer     Organizer            (also: communications/media)

• … however, no clean separation

Historical Perspective
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• IR: lesser known cousin of field of Databases
• Databases: focus on structured data

• IR: unstructured data: “documents”

• Information retrieval vs. data retrieval
• IR focused on human user (?)
• Challenges: semistructured data, closing the gap

Structured vs. Unstructured Data

- scientific articles, novels, poems, jokes, web pages
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• Digital Libraries and Library Catalog Systems
- full-text indexing and search of electronic documents
- keyword search for other documents
- categorization of medical or news articles
- browsing by categories and relationships

• Web Search Engines
- very large amounts of data, data acquisition problem
- many short documents, very informal, manipulation

• National Security and Competitive Intelligence:
- web surveillance  (extremist sites, competitors)
- filtering and querying intercepted communications
- searching internal documents (files from branch offices)
- analyzing phone call graphs, server and search engine logs

Text IR Applications:
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• IR does not analyze grammar & structure (document = set of words)

• NLP analyzes sentence structure, grammar   (shallow/deep parsing)

• IR: simple statistical methods, good for search & categorization
• NLP: good for automatic translation, summarization, extraction

• IR is largely language independent
• NLP uses knowledge about the language    (WordNet, thesaurus)

• NLP: rooted in linguistics, grammar vs. statistical NLP

IR versus NLP:    (Natural Language Processing
or Computational Linguistics)

• IR based on statistical techniques
• IR “fuzzy”, many different techniques
• databases: very precisely defined semantics
• databases: “pounding reality into table form”

IR versus Databases:   
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Course Offering at Poly

• CS912: Information Retrieval on the World-Wide Web
(Web Protocols and Web Search Engines)

- web and search engine architecture     how does it all work?

- working with massive data sets          storing and analyzing terabytes

- introduction to Information Retrieval unstructured data, text

- system building skills                     building distributed systems

- the Web as a social network    adversarial behavior, spam, communities

• Course Objectives

• Offered this semester: Mondays 6 - 8:15pm


