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Data Model: Relational

Relational DBMS: Large and Small
 IBM (DB2)
 Oracle
 Microsoft SQL Server
 Sybase
 mySQL
 Others



Database Servers



Database Servers

 Respond to client calls
 Manage the database
 Manage concurrent access
 Protect database against internal and external 

threats
 Transactions, Locking, Journal log, security, 

etc.
 Provide vendor extensions



Database Server Architectures

 Process-per-client
 Multithreaded
 Hybrid
 Massively parallel



SQL Single Vendor Nirvana



Enterprise Data



Enterprise Data

 Several ways to characterize Enterprise Data
 Location
 Data Model
 Standards
 Data access methods
 Interoperability
 Security
 Tools
 Transaction management
 Data storage 
 Reliability



Enterprise Data: Location

 Glass house
 Cloud
 Department
 Embedded
 Hand-held device



Enterprise Data: Importance of Location

 Max DB size
 Affinity with other DB instances
 Ability to apply computing/data access 

resources
 ??



Enterprise Data: Data Model

Many choices:
 Hierarchical
 Network
 Relational
 Object Data
 Object-Relational
 Big Data
 NoSQL
 Geographic
 Semantic



Data Model: Hierarchical



Data Model: Relational



Data Model: Relational

Relational Database Management Systems
 Relational model 30 years old
 Set theory 100 years old
 Propositional logic (4th century BC)
 Developed in early 1970s by E.F Codd
 Oracle first SQL database in 1979
 SQL: Structured Query Language
 Manipulate sets of records at a time
 It's all tables, columns, and rows



Data Model: Object

ODBMS Page Server Architecture



Data Model: Hadoop



Enterprise Data: Standards

 SQL
 Embedded SQL
 CLI
 ODBC
 JDBC

 Benchmarks
 TPC
 TeraSort

 UML
 ?



Enterprise Data: Standards

SQL Standards Evolution



Enterprise Data: Standards
ODBC

 Microsoft standard based on SAG CLI



Enterprise Data: Standards
JDBC

 A Java API for executing 
SQL statements against a 
remote database

 Provides three basic 
services

 Establish a 
connection with a 
database

 Send SQL 
statements

 Process the results



TPC Benchmarks

Benchmark Performance Focus
TPC-C On-line transaction processing 

TPC-H Ad-hoc, decision support benchmark 

TPC-R Business reporting, decision support 

TPC-W Transactional web e-Commerce 

Note: TPC-A, TPC-B, and TPC-D are obsolete benchmarks.



Enterprise Data: Data Access Methods

 DLI
 SQL
 Xquery
 ?



Enterprise Data: Data Access Methods
SQL

SQL: Structured Query Language

 Interactive query language for ad hoc database 
queries
 DML: Data Manipulation Language

 Database programming language
 Embedded or called via API

 Data definition and data administration language
 DDL: Data Definition Language

 Data protection language
 Validation, referential integrity, rollback 

(undo), locking



Enterprise Data: Interoperability

 Gateways to other vendor databases
 ?



Enterprise Data: Security

 Authentication
 Access control
 Auditing
 Encryption
 Integrity controls
 Backups
 Application security



Enterprise Data: Security (cont)

 Other database security features
 Holistic approach to security is necessary

• Multi-layered
• Intrusion detection
• Firewalls
• Virus protection
• Incident response plans
• Data backup
• Recovery
• Power protection
• Physical security



Enterprise Data: Tools

 Data modeling
 Query builders
 Application Development
 DBA management tools



Enterprise Data: Transaction 
Management

 Internal support for Transactions
 XA

 IMS TM
 CICS
 Tuxedo
 Java EE



Enterprise Data: Data Storage

 Indexed data
 VSAM
 OSAM
 Object Blocks
 XML
 ?



Commercial Database Products



Oracle Database Features vs. Time



Oracle 9i Features



Oracle 9i Features (cont)

 Transaction Processing
 Database clusters
 XML database
 Row-level locking
 Data partitioning

 Security
 Virtual Private Database
 Fine-grained auditing
 Data encryption

 Manageability
 Intelligent Self-Managing and Tuning
 Oracle Enterprise Manager

• Diagnostic Pack
• Tuning Pack
• Change management Pack
• Management Pack for Oracle Apps
• Management Pack for SAP R/3



Oracle 9i Features (cont)

 Reliability
 Database clusters
 Data Guard
 Online data management
 Flashback query

 Business Intelligence
 OLAP
 Data Mining
 Data Warehousing
 Materialized View
 Data Partitioning
 Query Optimization



Oracle 9i Features (cont)

 Content Management
 XML database
 Location based services
 Oracle interMedia
 Oracle Text

 Data Integration
 Advanced queuing
 Database replication
 Gateways



Oracle 10g new features

 Application Development 
 Location Services 
 Availability 
 Manageability 
 Business Intelligence and Data Warehousing 
 Performance and Scalability 
 Content Management  
 Real Application Clusters 
 Enterprise Grid Computing 
 Security 
 Information Integration  
 XML



Oracle 11g Release 2 “Focus Areas”

http://www.oracle.com/technetwork/database/enterprise-
edition/overview/index.html

 Application Development
 Information Management
 BI & Data Warehousing
 Manageability
 Database Cloud
 Migration
 Enterprise Applications
 Optimized Storage Management
 Exadata Database Machine
 Performance and Scalability
 High Availability
 Security and Compliance
 Information Integration



IBM DB2 v8.1 Features

 Innovative Manageability 
 Configuration Advisor 
 Health Center 
 Memory Visualizer 
 Advisors to deliver expert advice on indexes 
 Simplified management of large scale 

partitioned databases 
 Information Integration Foundation 
 Support for both consumer and provider of Web 

services 
 Store, compose, validate, decompose, and 

manipulate XML data 
 DB2 and Informix™ Dynamic Server federation 

and replication 



IBM DB2 v8.1 Features (cont.)
 e-business Foundation 
 Connection Concentrator for more user 

scalability 
 Dynamic configuration 
 In-place online reorg 
 Online load 
 Online storage management 
 Null and default compression 
 Replication enhancements 
 New client architecture 

 Business Intelligence 
 Multidimensional data clustering 
 Real-time and bulk scoring of data 

 Application Development Productivity 
 Development Center 
 WebSphere integration 
 Microsoft integration 



IBM DB2 v8.2 Features

 Design Advisor
 Learning Optimizer
 Autonomic Object Maintenance
 High Availability Disaster Recovery (HADR) and 

client reroute
 DB2 Geodetic Extender



IBM DB2 v9.7 Features

http://publib.boulder.ibm.com/infocenter/db2luw/v9r7/index.jsp?topic=/com.ib
m.db2.luw.licensing.doc/doc/r0053238.html

 Product packaging enhancements
As IBM data servers continue to evolve, the names and the packaging of the DB2 
components change to respond to market needs. 

 Compression enhancements
Version 9.7 includes new compression features that you can use to compress more types 
of data, reduce your storage requirements, improve I/O efficiency, and provide quick 
access to data from disk. 

 Manageability enhancements
Version 9.7 provides enhancements that make it easier to manage DB2 environments, 
reduce the total cost of ownership (TCO), reduce the impact of performing system 
management tasks, and extend the capabilities of the autonomic features introduced in 
previous releases. 

 pureXML enhancements
Version 9.7 builds on the pureXML® support first introduced in Version 9.1 and 
enhances the hybrid relational and XML data server to make your XML data processing 
even more flexible, faster, and more reliable. These enhancements provide new 
opportunities to deploy and analyze XML data in data warehouses. 

 Monitoring enhancements
Version 9.7 includes many enhancements that make monitoring DB2 environments more 
comprehensive with higher granularity of control. 



IBM DB2 v9.7 Features (cont)

 High availability, backup, logging, resiliency, and recovery enhancements
Version 9.7 includes enhancements that help ensure that your data remains available. 

 Performance enhancements
Version 9.7 contains numerous performance enhancements that continue to make the 
DB2 data server an industrial-strength data server solution that is suitable for any size of 
organization. 

 SQL compatibility enhancements
If you work with Oracle databases, you will find that Version 9.7 contains many new 
enhancements that make the DB2 products more familiar to you. These enhancements 
also make it particularly easy to enable Oracle applications to run quickly in DB2 
environments. 

 Workload management enhancements
DB2 Version 9.7 features extend the workload management capabilities provided in 
previous releases. 

 Security enhancements
With the number of both internal and external security threats growing, it is important to 
separate the tasks of keeping data secure from the management tasks of administering 
critical systems. Building on the enhancements introduced in previous versions, Version 
9.7 enhancements ensure that your sensitive data is even better protected. 



IBM DB2 v9.7 Features (cont)

 Application development enhancements
Version 9.7 application development enhancements simplify database application 
development, improve application portability, and ease application deployment. 

 SQL Procedural Language (SQL PL) enhancements
Version 9.7 contains numerous improvements that make it easier to work with SQL 
Procedural Language (SQL PL). 

 DB2 Text Search and Net Search Extender enhancements
Version 9.7 includes enhancements that extend the DB2 Text Search and Net Search 
Extender functionality. 

 Installation, upgrade, and fix pack enhancements
Version 9.7 includes enhancements that make it faster to deploy products and easier to 
maintain them. 

 Multicultural support enhancements
Version 9.7 provide more options for working with multicultural data. 

 Troubleshooting and problem determination enhancements
Version 9.7 provides enhancements that make it easier to troubleshoot problems in DB2 
environments. 



Microsoft SQL Server 2000 
Features at a glance

 Data warehousing
 OLAP
 Closed loop analysis
 Data mining, data transformation
 English query
 Metadata services
 Office 2000 integration

 Enterprise data management
 Clickstream analysis
 Distributed partition views
 Full text search
 High availability
 .NET integration
 XML support
 Security (role-based, encryption)
 Simplified Admin
 Web access



Microsoft SQL Server 2000 
Features at a glance (cont.)

 Line of business
 Analysis (OLAP) services
 Application Hosting
 Extend applications (e.g, mobile)
 High availability
 Replication
 Scalability
 VI SAN (Virtual System Area Network)



Microsoft SQL Server 2005 (1 of 3)

Technology Capabilities
Enterprise Data Management

High Availability
Failover clustering and database mirroring technology in SQL 
Server 2005 will enable enterprises to deliver highly reliable, 
available applications to employees, customers, and partners.

Management 
Tools

SQL Server 2005 will introduce an integrated suite of 
management tools and management application programming 
interfaces (APIs) to provide ease of use, manageability, and 
support for operating large scale SQL Server deployments.

Security 
Enhancements

SQL Server 2005 has been designed to help provide the 
highest level of security for enterprise data through features 
such as database encryption, secure default settings, password 
policy enforcement, granular permissions control, and an 
enhanced security model.

Scalability
Scalability advancements in SQL Server 2005 will include 
table partitioning, replication enhancements, and 64-bit 
support.



Microsoft SQL Server 2005 (2 of 3)

Developer Productivity

Common Language Runtime 
(CLR) Integration

SQL Server 2005 will introduce the ability to 
develop database objects using any Microsoft 
.NET language. 

Deep Extensible Markup 
Language (XML) Integration

SQL Server 2005 will deliver a new XML data 
type, enabling the storage of XML fragments or 
documents in SQL Server databases.

Transact-SQL Enhancements

New query types and the ability to use error 
handling in transactions will provide developers 
with more flexibility and control in SQL Server 
query development.

SQL Service Broker
SQL Service Broker will provide an innovative 
distributed asynchronous application 
framework for new levels of scalability.



Microsoft SQL Server 2005 (3 of 3)

Business Intelligence

Analysis Services

Analysis Services will deliver extensions to the scalability, 
manageability, reliability, availability, and 
programmability of data warehousing, business 
intelligence, and line-of-business solutions. 

Data Transformation 
Services (DTS)

A complete redesign of the DTS architecture and tools will 
provide developers and database administrators with 
increased flexibility and manageability. 

Reporting Services Reporting Services is a new report server and tool set for 
building, managing, and deploying enterprise reports.

Data Mining Data mining will be enhanced with four new algorithms 
and improved data modeling and manipulation tools.



Microsoft SQL Server 2008 R2

http://www.microsoft.com/sqlserver/en/us/default.aspx

Key Features 
 Powerful end-user analytics and reporting via innovative Microsoft Excel® add-

in and intuitive report design tools that integrate with Microsoft SharePoint® 
Server 

 Centralized management and deployment of instances and applications from a 
single control point within SQL Server Management Studio 

 Support for Windows Server® 2008 R2, including Hyper-V™ with Live 
Migration 

 Data warehouse scalability from tens to hundreds of terabytes through 
massively parallel processing 

 Enhanced data compression with support for Unicode UCS-2 
 Master data hub for defining and managing master data across heterogeneous 

systems 
 High-scale complex event processing



mySQL 4.0 released (1 of 3)

 Speed enhancements 
MySQL 4.0 has a query cache that can give a huge speed boost to 
applications with repetitive queries. See section 5.11 The MySQL Query 
Cache. 
Version 4.0 further increases the speed of MySQL Server in a number of 
areas, such as bulk INSERT statements, searching on packed indexes, full-
text searching (using FULLTEXT indexes), and COUNT(DISTINCT). 

 Embedded MySQL Server introduced 
The new Embedded Server library can easily be used to create 
standalone and embedded applications. The embedded server provides an 
alternative to using MySQL in a client/server environment. See section 
1.5.1.2 The Embedded MySQL Server. 

 InnoDB storage engine as standard 
The InnoDB storage engine is offered as a standard feature of the 
MySQL server. This means full support for ACID transactions, foreign keys 
with cascading UPDATE and DELETE, and row-level locking are now 
standard features. See section 16 The InnoDB Storage Engine. 



mySQL 4.0 released (2 of 3)

 New functionality 
The enhanced FULLTEXT search properties of MySQL Server 4.0 enables 
FULLTEXT indexing of large text masses with both binary and natural-
language searching logic. You can customize minimal word length and 
define your own stop word lists in any human language, enabling a new 
set of applications to be built with MySQL Server. See section 13.6 Full-
Text Search Functions. 

 Standards compliance, portability, and migration 
Many users will also be happy to learn that MySQL Server now supports 
the UNION statement, a long-awaited standard SQL feature. 
MySQL runs natively on the Novell NetWare platform beginning with 
NetWare 6.0. See section 2.2.4 Installing MySQL on NetWare. 
Features to simplify migration from other database systems to MySQL 
Server include TRUNCATE TABLE (as in Oracle). 

 Internationalization 
Our German, Austrian, and Swiss users will note that MySQL 4.0 now 
supports a new character set, latin1_de, which ensures that the German 
sorting order sorts words with umlauts in the same order as do German 
telephone books. 



mySQL 4.0 released (3 of 3)

 Usability enhancements 
 In the process of implementing features for new users, we have 

not forgotten requests from our loyal community of existing users. 
Most mysqld parameters (startup options) can be set without 
taking down the server. This is a convenient feature for database 
administrators (DBAs). See section 14.5.3.1 SET Syntax. 
Multiple-table DELETE and UPDATE statements have been added. 
On Windows, symbolic link handling at the database level is 
enabled by default. On Unix, the MyISAM storage engine supports 
symbolic linking at the table level (and not just the database level 
as before). 
SQL_CALC_FOUND_ROWS and FOUND_ROWS() are new 
functions that make it possible to find out the number of rows a 
SELECT query that includes a LIMIT clause would have returned 
without that clause



mySQL 4.1 gamma (3 of 3)

 Support for subqueries and derived tables 
A ``subquery'' is a SELECT statement nested within another 
statement. A ``derived table'' (an unnamed view) is a subquery in 
the FROM clause of another statement. See section 14.1.8 
Subquery Syntax. 

 Speed enhancements 
Faster binary client/server protocol with support for prepared 
statements and parameter binding. See section 21.2.4 C API 
Prepared Statements. 
BTREE indexing is supported for HEAP tables, significantly 
improving response time for non-exact searches. 

 New functionality 
CREATE TABLE tbl_name2 LIKE tbl_name1 allows you to create, 
with a single statement, a new table with a structure exactly like 
that of an existing table. 
The MyISAM storage engine supports OpenGIS spatial types for 
storing geographical data. See section 19 Spatial Extensions in 
MySQL. 
Replication can be done over SSL connections. 



mySQL 4.1 gamma (3 of 3)

 Usability enhancements 
In response to popular demand, we have added a server-based HELP command 
that can be used to get help information for SQL statements. The advantage of 
having this information on the server side is that the information is always applicable 
to the particular server version that you actually are using. Because this information 
is available by issuing an SQL statement, any client can be written to access it. For 
example, the help command of the mysql command-line client has been modified to 
have this capability. 
In the new client/server protocol, multiple statements can be issued with a single 
call. See section 21.2.8 C API Handling of Multiple Query Execution. 
The new client/server protocol also supports returning multiple result sets. This 
might occur as a result of sending multiple statements, for example. 
A new INSERT ... ON DUPLICATE KEY UPDATE ... syntax has been implemented. 
This allows you to UPDATE an existing row if the INSERT would have caused a 
duplicate in a PRIMARY or UNIQUE index. See section 14.1.4 INSERT Syntax. 
A new aggregate function, GROUP_CONCAT() adds the extremely useful capability 
of concatenating column values from grouped rows into a single result string. See 
section 13.9 Functions and Modifiers for Use with GROUP BY Clauses. 



mySQL 4.1 gamma (3 of 3)

 Standards compliance, portability, and migration 
The new client/server protocol adds the ability to pass multiple 
warnings to the client, rather than only a single result. This makes 
it much easier to track problems that occur in operations such as 
bulk data loading. 
SHOW WARNINGS shows warnings for the last command. See 
section 14.5.3.21 SHOW WARNINGS Syntax. 

 Internationalization and Localization 
To support applications that require the use of local languages, 
the MySQL software offers extensive Unicode support through the 
utf8 and ucs2 character sets. 
Character sets can be defined per column, table, and database. 
This allows for a high degree of flexibility in application design, 
particularly for multi-language Web sites. 
For documentation for this improved character set support, see 
section 11 Character Set Support. 
Per-connection time zones are supported, allowing individual 
clients to select their own time zone when necessary. 



mySQL 5.0 Planned Features (1 of 2)

 Views 
Views, implemented in stepwise fashion up to full 
functionality. See section 1.8.5.6 Views. See section 14.2.7 
CREATE VIEW Syntax. 

 Stored Procedures 
Stored procedures currently are implemented, based on 
the SQL:2003 standard. See section 20 Stored Procedures 
and Functions. 

 New functionality 
Elementary cursor support. See section 20.1.8 Cursors. 
The ability to specify explicitly for MyISAM tables that an 
index should be created as an RTREE index. (In MySQL 4.1, 
RTREE indexes are used internally for geometrical data that 
use GIS data types, but cannot be created on request.) 
Dynamic length rows for MEMORY tables. 



mySQL 5.0 Planned Features (2 of 2)

 Standards compliance, portability and migration 
Support for Data Dictionary / INFORMATION_SCHEMA. 
Add true VARCHAR support (column lengths longer than 
255, and no stripping of trailing whitespace). There is 
already support for this in the MyISAM storage engine, but it 
is not yet available at the user level. 

 Speed enhancements 
SHOW COLUMNS FROM tbl_name (used by the mysql 
client to allow expansions of column names) should not 
open the table, only the definition file. This will require less 
memory and be much faster. 
Allow DELETE on MyISAM tables to use the record cache. 
To do this, we need to update the threads record cache 
when we update the `.MYD' file. 
Better support for MEMORY tables: 

Dynamic length rows. 
Faster row handling (less copying). 

 Usability enhancements 
Resolving the issue of RENAME TABLE on a table used in 
an active MERGE table possibly corrupting the table. 



mySQL: What New (ver 5.1, 5.5, 5.6)

 http://dev.mysql.com/doc/refman/5.1/en/mysq
l-nutshell.html.html

 http://dev.mysql.com/doc/refman/5.5/en/mysq
l-nutshell

 http://dev.mysql.com/doc/refman/5.6/en/mysq
l-nutshell.html


