HNDIT 3042

Systems

"Database Management

Upon successful completion of this course, students
will be able to:

LO1: Describe database concepts, record storage,
file organization and architectures of common
database systems used in practice.

LO2. Model databases using ER, EER diagrams.

LO3. Implement a database application using SQL

based on a design done with ER and EER
diagrams.
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DATABASE

* A shared collection of logically related data
designed to meet the information requirements
of an organisation.

(proDci'\sAssing) é | /)/?@

Retrieve the  |nformation distribution
data by user

query

Store the data
with well
organized for

Data Collection

Database

(DBMS)

* A software system that enables users to
define, create and maintain the database and
which provides controlled access to the
database.



Actors on the Scene

e Database Administrator
e Database Users

g
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Database Administrator

* Coordinates all the activities of the database system;
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

g
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Database Users

Users are differentiated by the way they expect to interact with

the 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 framework

* Naive users — invoke one of the permanent application programs
that have been written previously

— Examples, people accessing database over the web, bank tellers,
clerical staff

Difference between Traditional File
based System and DBMS

* Drawbacks of using file systems to store data:

— Data redundancy and inconsistency

* Multiple file formats, duplication of information in different
files

— Difficulty in accessing data

* Need to write a new program to carry out each new task
— Data isolation — multiple files and formats
— Integrity problems

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

* Hard to add new constraints or change existing ones

g
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A Physical Centralized Architecture

Figure 2.4
. . . Display Display Display A physical tralized
— Atomicity of updates Taninals: | pontor | | Menitor | ™ | Mositer P architesnuee
* Failures may leave database in an inconsistent state with Network |
partial updates carried out & )
* Example: Transfer of funds from one account to another Application Terminal Text
should either complete or not happen at all Programs Display Control Editors
— Concurrent access by multiple users pBMS | [Compilers] -
* Concurrent accessed needed for performance h Softwiire
* Uncontrolled concurrent accesses can lead to inconsistencies Geeimting Sistem
— Example: Two people reading a balance and updating it at the é Sys‘e{" £08 ; ] h
same time ’ | Controller | | Controller | | Controller ‘ S
H I
— Security problems [cpu] _ T
* Hard to provide user access to some, but not all, data [ Memory | [ Disk | (Printers,
\_ Hardware/Firmware Tape Drives, ... ) J
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. :Defi:wes DBMS schemas at three Logical two-tier client server architecture
evels:

— Internal schema Figure 22 © 0

- Tne three-scheme ~
— Conceptual schema: entities, i X Eid Uséfs f
data types, relationships, etc

— External schemas at the external External Level E:}Erﬂal . Edenal Figure 2.5 _ : :
level to describe the various user i o | Client | ‘ Client | | Client [ s

; Logical two-tier
views. External/Conceptual olient/server | [ Network ‘
* Usually uses the same data Mapping ; {
model as the conceptual architecture. | |

Conceptual Level Conceptual Schema : 5
schema. : Print File DBMS

Data Independence: Conceptuel/nteral Server Server Server
* Logical Data Independence: ability to Vepprg
change conceptual schema without Internal Level
effecting appl. programs
* Physical Data Independence: ability
to change internal schema without
effecting upper layers Stored Database

Internal Schema
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Three-tier client-server architecture

Figure 2.7 .
Logical three-tier Client [ o b?Lt’er } { Preientatmn ]
client/server architecture, ERlnicidos ayer
with a couple of commonly A A
used nomenclatures.
A {
Application Server Application R
i Rrdgrame, Logic Layer
Web Server Web Pages 9 y
i A
Y Y
Database Database Database
Server Management Services
System Layer
(@ (b)
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The Relational Data Model

Data Model

* A Data Model in Database Management System (DBMS) is the
concept of tools that are developed to summarize the description of
the database. Data Models provide us with a transparent picture of
data which helps us in creating an actual database. It shows us from
the design of the data to its proper implementation of data.

* Types of Relational Models

* Conceptual Data Model

* Representational Data Model
* Physical Data Model

Hierarchical, Network and Relational Data
Model

* Hierarchical Data Model:
Hierarchical data model is the oldest type of the data model. It was
developed by IBM in 1968. It organizes data in the tree-like structure.
Hierarchical model consists of the following :

* |t contains nodes which are connected by branches.
* The topmost node is called the root node.

* If there are multiple nodes appear at the top level, then these can be
called as root segments.

* Each node has exactly one parent.
* One parent may have many child.

* Network Data Model:
It is the advance version of the hierarchical data model. To organize
data it uses directed graphs instead of the tree-structure. In this child
can have more than one parent. It uses the concept of the two data
structures i.e. Records and Sets.

Project

figure, Project is the root node which has two children i.e.
Project 1 and Project 2. Project 1 has 3 children and Project 2
has 2 children. Total there are 5 children i.e Department A,
Department B and Department C, they are network related
children as we said that this model can have more than one
parent. So, for the Department B and Department C have two
parents i.e. Project 1 and Project 2. partment A

Department B

I

Department C




* Relational Data Model:
The relational data model was developed by E.F. Codd in 1970. There
are no physical links as they are in the hierarchical data model.
Following are the properties of the relational data model :

* Data is represented in the form of table only.
* It deals only with the data not with the physical structure.
* It provides information regarding metadata.

* At the intersection of row and column there will be only one value for
the tuple.

* It provides a way to handle the queries with ease.

Columns or Fields or Attributes. Dama‘r@

Primary ] st | Name [ s Adaress | sirtnaate | sex
ey

JPRRN [PYTR iy pr—

Rows, 122 Dravid | 22, Basant Av. | 23.06-1980

recorés

Tiies PPN W EDE T P
w1 | awt | soiwna | zroson

4—/- Degree (No. of Columns ) ——————>

Data Values

Rows |

(NO.of

Cardinality

MEIERE

Relational Model Concepts

* A Relation is a mathematical concept based on the ideas of sets

* The model was first proposed by Dr. E.F. Codd of IBM Research in
1970 in the following paper:
* "A Relational Model for Large Shared Data Banks," Communications of the
ACM, June 1970

* The above paper caused a major revolution in the field of database
management and earned Dr. Codd the coveted ACM Turing Award
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Informal Definitions

* Informally, a relation looks like a table of values.
* Arelation typically contains a set of rows.

* The data elements in each row represent certain facts that correspond to a real-
world entity or relationship

* In the formal model, rows are called tuples

* Each column has a column header that gives an indication of the meaning of the
data items in that column

* In the formal model, the column header is called an attribute name (or just attribute)

Slide 5-

Example of a Relation

Relatlon Name ‘// \\

STUDENT  — .
Name Ssn Home_phone: Address Office_phone| Age | Gpa
Benjamin Bayer | 305-61-2435 | 373-1616 | 2918 Bluebonnet Lane | NULL 19 [38.21
/ Chung-cha Kim | 381-62-1245 | 375-4409 | 125 Kirby Road NULL 18 |2.89
Tuplesé Dick Davidson | 422-11-2320 | NULL 3452 Elgin Road 749-1253 |25 [3.53
\ Rohan Panchal | 489-22-1100 | 376-9821 | 265 Lark Lane 749-6492 | 28 [3.93
Barbara Benson | 533-69-1238 | 839-8461 | 7384 Fontana Lane NULL 19 |3.25

Figure 5.1

The attributes and tuples of a relation STUDENT.
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Informal Definitions Formal Definitions - Tuple

* Key of a Relation: * Atuple is an ordered set of values (enclosed in angled brackets ‘< ... >')

* Each row has a value of a data item (or set of items) that uniquely * Each value is derived from an appropriate domain.

identifies that row in the table + A row in the CUSTOMER relation is a 4-tuple and would consist of four values, for
* Called the key examp|e:
* Inthe STUDENT table, SSN is the key * <632895, "John Smith", "101 Main St. Atlanta, GA 30332", "(404) 894-2000">
 This is called a 4-tuple as it has 4 values

* Sometimes row-ids or sequential numbers are assigned as keys to identify * Atuple (row) in the CUSTOMER relation.

the rows in a table * Arelation is a set of such tuples (rows)

« Called artificial key or surrogate key

Slide 5-9 Slide 5-

Formal Definitions - Schema Formal Definitions - Domain
* The Schema (or description) of a Relation: * Adomain has a logical definition:
* Denoted by R(AL, A2, ..... An) * Example: “USA_phone_numbers” are the set of 10 digit phone numbers valid in the U.S.
* R is the name of the relation * A domain also has a data-type or a format defined for it.
» The attributes of the relation are A1, A2, ... An * The USA_phone_numbers may have a format: (ddd)ddd-dddd where each d is a decimal digit.
* Dates have various formats such as year, month, date formatted as yyyy-mm-dd, or as dd
* Example: mm,yYyy etc.
CUSTOMER (Cust-id, Cust-name, Address, Phone#)
« CUSTOMER is the relation name ¢ The attribute name designates the role played by a domain in a relation:
« Defined over the four attributes: Cust-id, Cust-name, Address, Phone# * Used to interpret the meaning of the data elements corresponding to that attribute

* Example: The domain Date may be used to define two attributes named “Invoice-date” and

* Each attribute has a domain or a set of valid values. “Payment-date” with different meanings

* For example, the domain of Cust-id is 6 digit numbers.
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Formal Definitions - State Example — A relation STUDENT

* The relation state is a subset of the Cartesian product of the domains

Of ItS attnbutes Relation Name Attributes
* each domain contains the set of all possible values the attribute can take. STUDENT ‘/,/ \\\~ =

* Example: attribute Cust-name is defined over the domain of character R iy e it b T by

strings of maximum Iength 25 /( Chung-cha Kim | 381-62-1245 | 375-4409 | 125 Kirby Road NULL 18 |2.89

+ dom(Custname) s varchar(25) oo [t W [ gn et |t 15 o

* The role these Strings p|ay in the CUSTOMER relation is that of the Barbara Benson | 533-69-1238 | 839-8461 | 7384 Fontana Lane NULL 19 [3.25
name ofa customer. Figure 5.1

The attributes and tuples of a relation STUDENT.
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Definition Summary Characteristics Of Relations
Informal Terms Formal Terms . . .
— — * Ordering of tuples in a relation r(R):
Table Relation * The tuples are not considered to be ordered, even though they
Column Header Aftribute appear to be in the tabular form.
All possible Column Domain * Ordering of attributes in a relation schema R (and of values within
Values each tuple):
Row Tuple * We will consider the attributes in R(A1, A2, ..., An) and the values
in t=<v1, v2, ..., vn> to be ordered .
* (However, a more general alternative definition of relation does not require this
dering).
Table Definition Schema of a Relation oreene
Populated Table State of the Relation
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Same state as previous Figure (but with
different order of tuples)

Figure 5.2

The relation STUDENT from Figure 5.1 with a different order of tuples.
STUDENT

Name Ssn Home_phone Address Office_phone | Age | Gpa

Dick Davidson | 422-11-2320 | NULL 3452 Elgin Road 749-1253 25 [3.63
Barbara Benson | 533-69-1238 | 839-8461 7384 Fontana Lane NULL 19 [3.256
Rohan Panchal |489-22-1100 | 376-9821 265 Lark Lane 749-6492 28 |3.93
Chung-cha Kim | 381-62-1245 | 375-4409 125 Kirby Road NULL 18 | 2.89
Benjamin Bayer | 305-61-2435 | 373-1616 2918 Bluebonnet Lane | NULL 19 [3.21
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Characteristics Of Relations

* Values in a tuple:

* All values are considered atomic (indivisible).
* Each value in a tuple must be from the domain of the attribute for that

column

* If tuple t =<vi, v2, .., vn>is a tuple (row) in the relation state r of R(A1, A2, ..., An)
* Then each vi must be a value from dom(Ai)

* A special null value is used to represent values that are unknown or
inapplicable to certain tuples.

Slide 5- 18

Characteristics Of Relations

* Notation:

* We refer to component values of a tuple t by:
* t[Ai] or t.Ai
* This is the value vi of attribute Ai for tuple t

* Similarly, t[Au, Av, ..., Aw] refers to the subtuple of t containing the values of
attributes Au, Ay, ..., Aw, respectively in t

Slide 5- 19

Relational Integrity Constraints

* Constraints are conditions that must hold on all valid relation states.
* There are three main types of constraints in the relational model:

* Key constraints

* Entity integrity constraints

* Referential integrity constraints
* Another implicit constraint is the domain constraint

* Every value in a tuple must be from the domain of its attribute (or it could be null, if
allowed for that attribute)
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Key Constraints

* Superkey of R:
* |s a set of attributes SK of R with the following condition:
* No two tuples in any valid relation state r(R) will have the same value for SK
* That is, for any distinct tuples t1 and t2 in r(R), t1[SK] = t2[SK]
 This condition must hold in any valid state r(R)
* Key of R:
* A "minimal" superkey

* That s, a key is a superkey K such that removal of any attribute from K results in a set
of attributes that is not a superkey (does not possess the superkey uniqueness

property)

Slide 5- 2

Key Constraints (continued)

* Example: Consider the CAR relation schema:
* CAR(State, Reg#, SerialNo, Make, Model, Year)
¢ CAR has two keys:
* Keyl = {State, Reg#}
* Key2 = {SerialNo}
* Both are also superkeys of CAR
* {SerialNo, Make} is a superkey but not a key.
* In general:
* Any key is a superkey (but not vice versa)
¢ Any set of attributes that includes a key is a superkey
* A minimal superkey is also a key
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Key Constraints (continued)

* If a relation has several candidate keys, one is chosen arbitrarily to be the
primary key.
¢ The primary key attributes are underlined.
* Example: Consider the CAR relation schema:
* CAR(State, Reg#, SerialNo, Make, Model, Year)
* We chose SerialNo as the primary key
* The primary key value is used to uniquely identify each tuple in a relation
* Provides the tuple identity
* Also used to reference the tuple from another tuple

* General rule: Choose as primary key the smallest of the candidate keys (in terms of
size)

* Not always applicable — choice is sometimes subjective

Slide 5- 23

CAR table with two candidate keys — LicenseNumber chosen as
Primary Key
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CAR
License_number | Engine_serial_number Make Model | Year
Texas ABC-739 A69352 Ford Mustang | 02
Florida TVP-347 B43696 Oldsmobile | Cutlass 05
Figure 5.4 New York MPO-22 X83554 Oldsmobile | Delta 01
The CAR relation, with California 432-TFY C43742 Mercedes 190-D 99
two candidate keys: California RSK-629 Y82935 Toyota Camry | 04
License_Alimbenand Texas RSK-629 U028365 Jaguar XIS 04

Engine_serial_number.




Relational Database Schema Entity Integrity

* Relational Database Schema: * Entity Integrity:
* Aset S of relation schemas that belong to the same database. * The primary key attributes PK of each relation schema R in S cannot have null
values in any tuple of r(R).
* This is because primary key values are used to identify the individual tuples.
¢ t[PK] # null for any tuple tin r(R)
« If PK has several attributes, null is not allowed in any of these attributes

* Sis the name of the whole database schema
« S={R1,R2,..., Rn}
* R1, R2, ..., Rn are the names of the individual relation schemas within the

database S * Note: Other attributes of R may be constrained to disallow null values, even
* Following slide shows a COMPANY database schema with 6 relation though they are not members of the primary key.
schemas
COMPANY Database Schema Referential Integrity
EMPLOYEE

| Fname l Minit I Lname | Ssn [ Bdate | Address I Sex [ Salary [ Super_ssnl Dno |

* A constraint involving two relations

DEPARTMENT * The previous constraints involve a single relation.
| Dname [ Dnumber | Mgr,ssn| Mgr,start,date‘

* Used to specify a relationship among tuples in two relations:
DEPT_LOCATIONS * The referencing relation and the referenced relation.

PROJECT

| Pname l Pnumber ‘ Plocation l Dnum

WORKS_ON

Schema diagram for

DEPENDENT the COMPANY

: relational database

| Essn ‘ Dependent_name | Sex ‘ Bdate | Relationship schma:
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Referential Integrity

* Tuples in the referencing relation R1 have attributes FK (called

foreign key attributes) that reference the primary key attributes PK of

the referenced relation R2.
* Atuple tlin R1 is said to reference a tuple t2 in R2 if t1[FK] = t2[PK].

* A referential integrity constraint can be displayed in a relational
database schema as a directed arc from R1.FK to R2.

Slide 5- 29

Referential Integrity (or foreign key)
Constraint

* Statement of the constraint
* The value in the foreign key column (or columns) FK of the the referencing
relation R1 can be either:

¢ (1) a value of an existing primary key value of a corresponding primary key PK in the
referenced relation R2, or

* (2) anull

* In case (2), the FK in R1 should not be a part of its own primary key.
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Displaying a relational database schema and
its constraints

* Each relation schema can be displayed as a row of attribute names
* The name of the relation is written above the attribute names
* The primary key attribute (or attributes) will be underlined

* A foreign key (referential integrity) constraints is displayed as a directed arc
(arrow) from the foreign key attributes to the referenced table
* Can also point the the primary key of the referenced relation for clarity

* Next slide shows the COMPANY relational schema diagram

Slide 5- 3.

Referential Integrity Constraints for COMPANY database

Figure 5.7
Referential integrity constraints displayed on the COMPANY relational database schema.

EMPLOYEE
[ Frame | Minit | Lname [ Ssn [ Bdate | Address | Sex | Salary | Super_ssn | Dno |

DEPARTMENT
[ Dname | Dnumber | Mgr_ssn | Mgr_start_date |

DEPT_LOCATIONS

PROJECT

[Pname | Pnumber | Plocation | Dnum
T

WORKS_ON

[Essn [ oo | Fiows |
L

DEPENDENT
[ Essn | Dependent name | Sex | Bdate | Relationship
L
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Structure of a database

* Data Model comprises:

Database — a structural part;

s Management
Systems

— a manipulative part;
— possibly a set of integrity rules.

* Most commercial database systems are based on

Data Models relational data model

v " ;\/ ;

Database Models

_ Categories of data models
* A set of concepts to describe the structure
of a database and certain constraints that * Data models can be categorize according to the
the database should obey. types of concepts they use to describe the

—Many forms of data models database structure -

—Makes data abstraction possible

* Hides details of physical data storage from the
user

— Conceptual (high-level, semantic) data models
— Physical (low-level, internal) data models

— Implementation (representational) data models



Conceptual (hlgh Ievel semantlc) data Phy5|cal (Iow Ievel mternal) data

models models
* Provide concepts that are close to the way

: * Provide concepts that describe details of
many users perceive data.

how data is stored in the computer.

. .
Conceptual models include * Record formats, record orderings and access

* Entity-relationship database model paths
* Target computer specialists and not typical end

(ERDBM)

users

* Object-oriented model (OODBM)

Implementatlon (representatlonal)
data models

Conceptual data models, Cont’

° Conceptual data models use Concepts such as b EmphaSizeS on hOW the data is represented in the
database or how the data structures are
entities, attributes, and relationships. implemented to represent what is modeled:

* Implementation models include
* Hierarchical database model (HDBM)
— One-to-one (1:1) * Network database model (NDBM)
* Relational database model (RDBM)
* Object-oriented database model (ODBM)

* Relationships in Conceptual Models

— One-to-many (1:M)

— Many-to-many (M:N)



Hierarchical Database Model (HDBM)

* Logically represented by an upside
down tree

—Each parent can have many children
(segment linkage)

—Each child has only one parent

Hierarchical Database Model

— Hierarchical path (beginning from left)

— Left-list hierarchical path, or preorder traversal, or
hierarchical sequence

Final assembly->Component A->Assembly A->-> Part A
->Part B -> Component B -> Component C —Assembly B
->Part C->Part D

— Re-list sequence, if the segment is frequently
accessed

— Bank systems commonly use HD model

Hierarchical Database Model

* Logically represented by an upside down tree
— 1:M relationship

| Final assem
' (filing cabine

Root segment

| |
Level 1 segments j il
(1oot children) "W A

LE\F'E|2SEﬂmEHfS i P—
(level 1 children) TEY Amhl'i'

Level 3 segments . . ! L I - :
(level 2 children) "« | i [
10

Hierarchical Database Model

— Bank systems commonly use the HDBM

* customer account can be subject to many
transactions (1:M relationship)

* Relationship is fixed (debiting and crediting)
* Frequently access large amount of transactions
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Hierarchical Database Model

e Advantages
— Conceptual simplicity: relationship between layers is
logically simple; design process is simple
— Database security: enforced uniformly through the
system
— Data integrity
— Data independence

— Efficiency in 1:M relationships and when uses require
large numbers of transactions

— Dominant in 1970s , when we used mainframe
system with large databases 13

Hierarchical Database Model

e Disadvantages

— Complex implementation: physical data storage
characteristics; database design is complicated

— Difficult to manage and lack of standards
— Lacks structural independence

— Applications programming and use complexity
(pointer based)

— Implementation limitations, i.e. especially it only
handle 1:M type of model

14
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Network Database Model (NDBM)

* Each record can have multiple parents

— Called by Database Task Group (DBTG) to define
standards

— Three crucial database components

* Network schema: conceptual organization of the entire
database
* Subschema: portion of database as information for
application programs
* Database management language: defining data
characteristics and data structure
— Schema Data definition language (DDL): define schema components
— Subschema Data definition language

— Data manipulating language: manipulate data content
15

Network Database Model

* Each record can have multiple parents
* Introduce set to describe relationship

e Each set has owner record and member

record, parallel to parent and child in HDM
— Member may have several owners

— One-ownership

16



\ 5 =
P> 4 s

R 5
Networ

— Member may have several owners

Commission setl ISuIes set  Payment setl

PRODUCT m
1w = I

Inventory set | I Line set

::::

Network Database Mo

* Advantages
— Conceptual simplicity, just lime HDM

SOV 3 N ; =
9.“.'\'.. A ',’/ \ -

-&\

e\

k Database Model

N
|

N/

e Disadvantages

— System complexity
— Lack of structural independence

Relational Database Model (RDBM)

* Let’s user or database designer to operate human logical

environment

— Handles more relationship types (but all 1:M

relationship)
— Data access flexibility
— Promotes database integrity
— Data independence
— Conformance to standards

18

* Perceived by user as a collection of tables for data

storage, while let RDBMS handles the physical details.
* Tables are a series of row/column intersections
* Tables related by sharing common entity characteristics

* |tallows 1:1, 1:M, M:N relationships
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Table name: AGENT

Relational Database Model

AGENT_AREACODE | AGENT_PHOIE |

AGEHT_CODE| AGENT_LIIAME | AGENT_FIAME | AGEIT_IIITIAL |
B

i3 T ey Al M3 2281249

| =) 502 Hahn Leah F 615 So2-1244

= 503 Oken Jotin T 815 123 5569
Link through AGENT code

Table name: CUSTOMER

Relational Database Model

e Advantages

—Structural independence: data access path is
irrelevant to database design; change
structure will not affect the database

—Improved conceptual simplicity

AGEMT_LMAME
AGEMT_FHAME
AGEMT_IMITIAL
AGEMT_AREACODE
AGEMT_PHOME
AGEMT_ADDRESS
AGEMT_CITY
AGEMT_STATE
AGEMT_ZIP
AGEMT_DATE_HIRED
AGEMT_YTD_Pay
AGEMT_¥TD_FIT
AGEMT_YTD_FICA
AGEMT_YTD_5LS
&GEMT_DEP

CUSTOMER

OUs_CODE

€IS _LMAME

€15 _FHAME

€IS _IMITIAL

€S _AREACODE
CIS_PHOME
CLIS_REMEW _DATE
BGEMT_CODE

FIGURE 1.12 A RELATIONAL SCHEMA

CUS_CODE | CUS_LNAME | CUS_FHAME | CUS_INITIAL | CUS_AREACODE| CUS_PHOWNE| CUS_RENEW _DATE |AGENT_CODE| - EaSier data base deSign, |m p|ementati0n,

L ’ Ramas: Alfred A B15 £44-2573 05-Aps-2002 02

- 10011 Durine Leans K 713 8941238 ‘IE-JL.n-.?U.I:‘ management’ and use

1] 10012 Smith Kathy o 615 §94.2265 29-Jan-2001 502
10013 Clowski Paul F 815 894.2160 14-0ct-2002 502 HER H H

=] 1001 Sones — hiyron 615 2221672 moec-maz 0| —Ad hoc query Ca pablllty with SQL (4GL IS
10015 O'Brian Amy B 73 4423381 22-Sep-2002 503

= 10016 Brown James G 615 2971228 25-Mar-2002 502 d d d ed )

| | 10017 | Villliams George 615 290-2555 17-Jul-2002

e 1 15 —Powerful database management system

21 23

Relational Database Model

e Disadvantages
— Substantial hardware and system software overhead
— Poor design and implementation is made easy
— May promote “islands of information” problems

22 24



Entlty Relatllon‘shlp Database Model
(ERDBM) Entity Relationship Database Model

) Complements the relatlonal data mOdEI Concepts A one-to-many (1:M) relationship: a PAINTER can paint many Connection
. . . . entit PAINTINGS; each PAINTING is painted by one PAINTER
* ERDBM introduces a relational graphic representation y 1 .
\ e
* ERDBM is based on several components PAINTER aints PAINTING

—_ i i i any-to-many (M:N) relationship: an EMPLOYEE can learn
E ntItYI ta b I ed € ntlty ( in R D M ) /nmuch SKILL can be learned by many EMPLOYEES

Entity and entity set, a collection of like entities relationship " N

EMPLOYEE SKILL

Each entity has attributes to describe the entity, which
is similar to field in table A O7TORE: scch STORE 1s manoged by and EMPLOVEE

Relationship and connection

)

EMPLOYEE manages STORE

FIGURE 1.13 RELATIONSHIP DEPICTION: THE ERD

25 27

Ent'ty RE|atI0nShIp Data base MOdEI A one-to-many (1:M) relationship: A PAINTER can paint many PAINTINGs;

each PAINTING is painted by one PAINTER

(ERDBM)

PAINTER  f———— paints ————€&]  PAINTING

* Represented in an entity relationship diagram (ERD):
A many-to-many (M:N) relationship: an EMPLOYEE can learn many SKILLs;
Chen’s ERD model and Crow’s Foot ERD each SKILL can be learned by many EMPLOYEES

* Based on entities, attributes, and relationships

EMPLOYEE | leams ———€  SKILL

A one-to-one (1:1) relationship: an EMPLOYEE manages one STORE;
each STORE is managed by one EMPLOYEE

EMPLOYEE | MONA(ES s STORE

- FIGURE 1.14 RELATIONSHIP DEPICTION: THE CROW’S FoOoT ERD 28



Entity Relationship Database Model

e Advantages
— Exceptional conceptual simplicity
— Visual representation
— Effective communication tool
— Integrated with the relational database model

Entity Relationship Database Model

* Disadvantages
— Limited constraint representation

—Limited relationship representation (internal
relationship can not be depicted; multiple
relationships)

—No data manipulation language (no complete)

—Loss of information content

29

—

30

“Object Orlented Database Model
(OODBM)

* Semantic Data model (SDM)->Object-oriented Data
Model (OODM)

* Object-oriented concept:

* Objects or abstractions of real-world entities are stored
— Attributes describe properties
— Collection of similar objects is a class, similar to entity set but
contains procedure methods
* Methods represent real world actions of classes
* Classes are organized in a class hierarchy

— Inheritance is the ability of object to inherit attributes and
methods of classes above it

31

Object Oriented Database Model (OODBM)

* Contains implementation and procedure operation
information for more complicated data such as graphics,

video, and other metadata

* Support transaction and information

* Reusability

* Portable to powered computing system

32
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Object-Orie

nted Database Model OO Database Model

* Disadvantages

E-R model — Lack of OODM
00 data model M 1 . .
— Complex navigational data access
INVOICE INVOICE —@ CUSTOMER .
— Steep learning curve

INV_DATE
INV_NUMBER

INV_SHIP_DATE
INV_TOTAL

— High system overhead slows transactions

CUSTOMER

e—
i LINE LINE

FIGURE 1.15 A COMPARISON OF THE OO DATA MODEL AND THE E-R MODEL

33 35

P g |\ /o =07 ;
Semantics in
Comments
data model
eaq 5
OO Data base MOdeI least = Difficult to represent M:N relationships
sk Hierarchical (Hierarchical only)
. » Physical level dependency
* No ad hoc queries
e Advanta ges o Access putg predefined (navigational

access)

— Adds semantic content
= Provides ad hoc queries
» Set-oriented access

— Visual presentation includes semantic content v
= Weak semantic content

— Database integrity « Easy fo understand

— Both structural and data independence SACOTEINRS [1o soxe

» More semantics in data model
= Support for complex objects

= Inheritance

= Behavior

2 FIGURE 1.16 THE DEVELOPMENT OF DATA MODELS 6



‘ Database Systems Softwa re

Database Systems _
* A database system includes two types of

* A database system is more than just data or software

data in combination with DBMS software

i — General-purpose database management software
* A complete database system in an

organization consists of four components: , usually called the Database Management System

— Hardware — Application software that uses DBMS facilities to

— Software . . -
manipulate the database to achieve a specific

— Data and

— People business function.

Database Sytems- Hardware Database I\/Ianagement System

* A software system that enables users to define,
create, maintain, and control access to the
database

* The set of physical devices on which a database
resides.

* The hardware portions of the system consist of: * A DBMS typically provides following services:

— A centralized data definition & data control facility
known as a data dictionary/directory (DD/D) or
catalog

— Data Security and integrity mechanisms

— Concurrent data access for multiple users

— User-oriented data query, manipulation, and reporting
capabilities

— Programmer-oriented application system
development capabilities

— The secondary storage volumes- typically magnetic
disks- that are used to hold the stored data; together
with the associated I/O devices, device controllers,
I/O channels, and so forth.

Database Systems- Software

— The processor(s) and associated main memory that
are used to support the execution of the database
system software.



A 5|mpI|f|ed' database system enwronmeﬁt

Users/Programmers

Database
System Y
Application Programs/Queries

DBMS Y
Software

Software to Process
Queries/Programs

Y

Software to Access
Stored Data

System

Catalog "\

Stored Database
Definition

(Meta-Data)

i\ o
:
e

Data base Systems Data
Used by the organization and a description of this data

called the schema.

In general, data in the database — at least in a large
system — will be both integrated and shared.

Integrated means that the database can be thought of
as a unification of several otherwise distinct data files,
with any redundancy among those files either wholly or
partly eliminated.

Shared means that individual piece of data in the
database can be shared among several different users,
in the sense that each of those users can have access to
the same piece of data.

e A =
\ I~
T vE DWTVIE™

Database Systems - People

* Data Administrator (DA), Database
Administrator (DBA), Database Designers
(Logical and Physical), Application

(naive and

Programmers, End Users

sophisticated)

References

* Connolly, T. M. & Begg, C. E. Database Systems A
Practical Approach to Design, Implementation,
and Management.

* Gray W. Hansen, James V. Hansen ,Database
Management and Design.

* Ramez Elmasri and Shamkant B. WNavathe,
Fundamentals of Database Systems



THE RELATIONAL MODEL

The relational model is a broad, flexible model

Database * Basis for almost all DBMS products
2 Management * E.F. Codd defined well-structured “normal
Systems forms” of relations, “normalization”

Relational Model

'4"’ 6 :\\J :
. RELATION
Learning Outcomes
« At the end of the lesson you should be able to * Ais a Two-dimensional table containing Rows

(tuples) and Columns (attributes) of data.
describe the fundamental concept of

RElatiOnaI Data MOdeI and |tS Operations Student Reg No | Name ContactNo Address Gend | Age | GPA
er
1111 C.D. Perera 0372228222 Kurunegala M 20 3.9
1112 C. Basnayake | 0362255222 Awissawella M 21 3.5
1114 N.S.Bandara | 0812234567 Kandy F 20 3.8
1115 K. Peris 0112876655 Colombo M 21 3.0
1116 S. Menike 0253456654 Anuradhapura | F 21 2.6
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Relational Model Propertles

Each relation (or table) in a database has a unique name

An entry at the intersection of each row and column is
atomic (or single-valued); there can be no multi-valued
attributes in a relation

Each row is unique; no two rows in a relation are identical
Each attribute (or column) within a table has a unique name

The sequence of columns (left to right) is insignificant; the
columns of a relation can be interchanged without changing
the meaning or use of the relation

The sequence of rows (top to bottom) is insignificant; rows of
a relation may be interchanged or stored in any sequence

Relatlonal Model

The relational model of data has three major
components:

Relational Database Objects- allows to define
data structures

Relational Operators — allows manipulation of
stored data

Relational Integrity Constraints — allows to
define business rules and ensure data integrity

Table Definition

Populated Table

Equivalent Relational Terms

Informal Terms Formal Terms

Table Relation

Column Attribute/Domain
Row Tuple

Values in a column Domain

Schema of a Relation

Extension

)

ATTRIBUTE

* Each column in the relation is an attribute of the

relation.

* The number of attributes of the relation is called

the DEGREE OF THE RELATION.

e The set of possible values that an attribute may

have is the DOMAIN of the attribute.
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8 (N
TUPL

* A tuple is a collection of values that makes up

one row of relation.

* Atupleis the equalent of a record.

e Number

of tuples

CARDINALITY.

Name of the Primary Key

Relation

/

in

a relation

Relational Model

Student | Reg No | Name

1111
1112
Tupels —1114
1115
1116

.D. Perera

. Basnayake

Attributes

ContactNo

0372228222
0362255222
0812234567
0112876655
0253456654

Degree of the Relation

Address

Kurunegala
Awissawella
Kandy
Colombo

Anuradhapura

Gend | Age

er

M
M
E
M
E

Cardinality Of the Relation

is

20
21
20
21
21

its

GPA

3.9
3.5
3.8
3.0
2.6

* A key of a relation is an attribute in a relation.

* There are various types of keys in a relation.

'..'.» A "\\/ ’

PRIMARY KEY

* The attribute (or attributes in combination) for
which no more than one tuple may have the
same value is called the primary key.

* That is a value that can be used to uniquely
identify each record.

* The relational data model requires that the
primary key of a tuple should not contain null
values.

n
Y
J)

)

!
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CANDIDATE KEY COMPOSITE/CONCATENATED KEY

ssssss

* Candidate keys are all attributes that may * A key that consists of two or more attributes
serve as the primary key. (one key is selected appended (joined) together.

as a primary key)

{{{{{{ s , VR noadieRs. - N vl Ko .
ALTERNATE KEY RELATIONAL INTEGRITY CONSTRAINTS
* The candidate keys other than the chosen * Constraints are conditions that must hold on
primary key are called alternate keys. all valid relation instances. There are three

main types of constraints:

— Key constraints

— Entity integrity constraints

— Referential integrity constraints



KEY CONSTRAINTS ENTITY
* Relational Database Schema: A set S of relation
. _ : schemas that belong to the same database. S is
Superkey of R: A seF of attrlb.utes SK of R such the name of the database.
that no two tuples in any valid relation instance . s={R.R R}
r(R) will have the same value for SK. That is, for . sV R e n h _ ‘ b ¢
any distinct tuples t1 and t2 in r(R), Entity Integrlty. The primary key attributes PK o
each relation schema R in S cannot have null
* t1 [SK]#t2 [SK]. values in any tuple of r(R). This is because
* Key of R: A "minimal" superkey; that is, a primary key values are used to identify the
superkey K such that removal of any attribute individual tuples. .
from K results in a set of attributes that is not a * t[PK] # null for any tuple tin r(R)
superkey.
KEY CONSTRAINTS REFERENTIAL INTEGRITY

* Example: The VEHICAL relation schema:

VEHICAL(State, Reg#, SerialNo, Make, Model,

Year) * A constraint involving two relations (the
has two keys Keyl = {State, Reg#}, Key2 = previous constraints involve a single relation).
{SerialNo}, which are also superkeys. {SerialNo, * Used to specify a relationship among tuples in

Make} is a superkey but not a key.

If a relation has several candidate keys, one is
chosen arbitrarily to be the primary key. The
primary key attributes are underlined.

two relations: the referencing relation and the
referenced relation.
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Example - Referential 1ntegr1ty constraints displayed
REFERENTIAL INTEGRITY on the COMPANY relational database schema diagram.

* Tuples in the referencing relation R1 have EmpLOYeEE /4\
attributes FK (called foreign key attributes) [ [ e [ owe ] \| rowe | sooness | soc | s | srere | oo |
that reference the primary key attributes PK of Dizj':‘jﬁm e N
the referenced relation R2. A tuple t, in R, is
said to reference a tuple t, in R, if t;[FK] = DE;;U:;‘;:“O”T —
t,[PK].

mm

* A referential integrity constraint can be mave | euwsen | poowon | oww
displayed in a relational database schema as a e o
directed arc from R;.FK to R,. [ me [ o |

[foon | ooewomnae [ oo | some | mesowr
i Baeatitig g o0 Ee b, sl B e T B

REFERENTIAL INTEGRITY CONSTRAINT

* Statement of the constraint

* The value in the foreign key column (or columns)
FK of the referencing relation R, can be either:
(1) a value of an existing primary key value of the
corresponding primary key PK in the referenced
relation R, , or..
(2) a null.

* In case (2), the FK in R;should not be a part of its
own primary key.



Entity-Relationship
(E-R) Model

Database Management System

HNDIT 2 YEAR 1 SEMESTER
SLIATE

Agenda

Characteristics of E-R Model
Components of E-R Model
Example of E-R Model
Enhanced E-R Model

E-R Model

ERD is a data modeling technique used in
software engineering to produce a
conceptual data model of an information
system.

The major activity of this phase is
identifying entities, attributes, and their
relationships to construct model using the
Entity Relationship Diagram.

Characteristics of E-R Model

Semantic data model

Express the logical properties of an
enterprise database

Design tools and documentation for data
base structure

No physical DBMS



Components of E-R Model

Entity
Attribute

* Key

Relationship
Structural constraints on relationship

Entity

e Definition

An object or concept

Thing in real world with independent existence

"...anything (people, places, objects, events, etc.) about which we store
information (e.g. supplier, machine tool, employee, utility pole, airline
seat, etc.).”

Tangible: customer, product

Intangible: order, accounting receivable

Look for singular nouns (beginner)

* Types

Strong entity (parent, owner, dominant)

Weak entity (child, dependent, mate)
* Diagram Notation

Rectangular

Attribute

« Particular properties that describe entity
* Types

— Key attribute: Uniqueness property must hold
for every entity set of the entity type

— Composite

— Multi-valued

— Derived

— Stored

— derived attributes

Ex

 All cars have a year, make, and model

CAR




Composite Attributes Derived Attributes

* Can be subdivided into * The value can be

« smaller subparts computed

« Ex: * EBx

— All cars have a year, age,

registration. make, model, registration
(e 1 ) (unique), vehicle number

(vin; unique), some

number of colors.

— All cars have a year, make, model, and

Multivalued Attributes Identify different types of

.
attributes
« Can take a [possibly G ety DG Gl G
specified] number of Come ) o ) Coo ) G [ G S () TR}
e Manager_start_dala>
values. ki) T
VR - —
. Ex (@) o B G G
N (it daid) ((Sex ) (Employee) ) e

— All cars have a year, make, R >l SPeim s
model, registration, and

some number of colors.




Draw an ERD for the following
description: Ex continue......

Each department has a unique name, a unique » A department controls a number of projects,

number, and a particular employee who manages the each of which has a unique name, a unique
department. We keep track of the start date when that number, and a single location.

employee began managing the department. A
department may have several locations.

Draw an ERD for the following
description: Ex continue......

Each department has a unique name, a unique » A department controls a number of projects,
number, and a particular employee who manages the each of which has a unique name, a unique

department. We keep track of the start date when that number, and a single location.
PROJECT

employee began managing the department. A
department may have several locations.

) DEPARTMENT
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Ex continue......

We store each employee’s name (first, last, MI), Social
Security number (SSN), street address, salary, sex
(gender), and birth date. An employee is assigned to one
department, but may work on several projects, which are
not necessarily controlled by the same department. We
keep track of the current number of hours per week that an
employee works on each project. We also keep track of the
direct supervisor of each employee (who is another
employee).

We store each employee’s name (first, last, MI), Social Security number
(SSN), street address, salary, sex (gender), and birth date. An employee is
assigned to one department, but may work on several projects, which are
not necessarily controlled by the same department. We keep track of the

current number of hours per week that an employee works on each
project. We also keep track of the direct supervisor of each employee
(who is another employee).

Salary

-ﬁ r/ EMPLOYEE [ ..

Ex continue......

» We want to keep track of the dependents of

each employee for insurance purposes. We
keep each dependent’s first name, sex, birth
date, and relationship to the employee.

We want to keep track of the dependents of
each employee for insurance purposes. We
keep each dependent’s first name, sex, birth
date, and relationship to the employee.

DEPENDENT

Relationship

Uit



Relationship

» Definition
— Association among entities
» Diagram Notation
— Line — (relation or role name)
» Degree of a relationship
— Number of participating entities
— Types
* Unary (recursive relationship)
* Binary
* Ternary
* Quaternary

Relationships

Associates one or more sets of entities
— One =recursive (role is important)

STUDENT DEPT
All departments have a faculty

member who serves as the chair. A

faculty member can only chair one FACULTY
department.

Relationships

Associates one or more sets of entities
— One = recursive (role is important)

STUDENT

DEPT
All students must have a department
in which they major.
FACULTY
Relationships
Associates one or more sets of entities
— One = recursive (role is important)
STUDENT ‘ DEPT
CHAIR_F
Students may have any number of
departments in which they minor.
FACULTY




Relationships

Associates one or more sets of entities
— One = recursive (role is important)

STUDENT DEPT

Tutor Tutee ‘@
¢ CHAIR_F

Students can tutor other student(s).

FACULTY




Database
2 Management
Systems

Database System Development

Lifecycle
* Stages of the database system development

lifecycle:

1. Database planning

System definition

2
3. Requirements collection and analysis
4. Database design

5

DBMS selection (optional)
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Database System Development

© ® N O

Lifecycle

Application design
Prototyping (optional)
Implementation

Data conversion and loading

10. Testing

11. Operational maintenance

Database planning

A 4
[ System definition
Requirements collection and | _
’f analysis \
( C t TDB Desi \
DBMS l onceptua esign
Selection - 4 . |<€=P> Application Design
(optional) l Logical DB Design
/ ‘ N
\l Physical DB design j
= Prototyping (optional) Implementation
Data Conversion & Loading

Operational Management - Testing



Database planning
System definition
Requarements collection
and analysis

Database design

DBEMS selection (optional)
Application design

Prototyping (optional)

Implementation

Data conversion and loading

Testing

Operational maintenance

Database Planning

Maln activities

Planning how the stages of the lifecyecle can be realized most
efficiently and effectively.

Specifying the scope and boundaries of the database system,
including the major user views, its users, and application areas.

Database Planning

* Database planning should also
development of standards that govern:

include

Collection and analysis of the requirements for the new
database system.

Conceptual, logical, and physical design of the database.
Selecting a suitable DEMS for the database system.
Designing the user inferface and the application programs that
use and process the database.

Building a working model of the database system. which
allows the designers or users to visualize and evaluate how the
final system will look and function.

Creating the physical database definitions and the application
programs.

Loading data from the old system to the new system and,
where possible, converting any existing applications to run on
the new database.

Database system is tested for errors and validated against the
requirements specified by the users.

Database system is fully implemented. The system is
continuously monitored and maintained. When necessary, new
requirements are incorporated into the database system through 7
the preceding stages of the lifecycle.

>

* how data will be collected,

* how the format should be specified,

* what necessary documentation will be needed,

* how design and implementation should proceed.

g

System Definition

* Management activities that allow stages of
database system development lifecycle to
be realized as efficiently and effectively as
possible.

* Must be integrated with overall IS strategy
of the organization.

* Describes scope and boundaries of database system
and the major user views.

* User view Defines what is required of a database
system from the perspective of a particular job role
(such as Manager or Supervisor) or enterprise
application area (such as marketing, personnel, or
stock control).

* Database application may have one or more user
views.
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Requirements Collection and Analysis Database Design

* Process of creating a design for a database that
will support the enterprise’s mission statement
and mission objectives for the required database

* Process of collecting and analyzing information about
the part of organization to be supported by the
database system, and using this information to

identify users’ requirements of new system. system.
* fact-finding techniques are used for gathering * The two main approaches to the design of a
requirements. database are
* Information is analyzed to identify requirements to v'Bottom-up and
be included in new database system. Described in the v'Top-down
requirements specification.
. . : Database Design - Bottom-u
Requirements Collection and Analysis 8 P
approach
* requirements specification techniques: * This approach begins at the fundamental level of

attributes, which through analysis of the
_ associations between attributes, are grouped into
v'Data Flow Diagrams (DFD) relations that represent types of entities and

v’ Hierarchical Input Process Output (HIPO) relationships between entities.
* Normalization represents a bottom-up approach to

database design.

- _ * appropriate for the design of simple databases with
v'Unified Modeling Language (UML) a relatively small number of attributes.

v'Structured Analysis and Design (SAD) techniques

v'Computer-Aided Software Engineering (CASE)
tools

10



Database Design - Top-down

Approach

* A more appropriate strategy for the design of
complex databases is to use the top-down approach.

* This approach starts with the development of data
models that contain a few high-level entities and
relationships and then applies successive top-down
refinements to identify lower-level entities,
relationships, and the associated attributes.

* The top-down approach is illustrated using the
concepts of the Entity—Relationship (ER) model

Database Design -Data Modeling

* Main purposes of data modeling include:

—to assist in understanding the meaning
(semantics) of the data;

—to facilitate communication about the
information requirements.

* Building data model requires answering
guestions about entities, relationships, and
attributes.

14
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Database Design - Data Modeling

* A data model ensures we understand:
- each user’s perspective of the data;

- nature of the data itself, independent of its
physical representations;

- use of data across user views.

- Criteria to Produce an Optimal Data Model .

Structural validity, Simplicity, Expressibility,
Nonredundancy, Shareability, Extensibility, Integrity,
Diagrammatic representation

15

Database Design

* Three phases of database design:

— Conceptual database design
— Logical database design
— Physical database design.

16



Conceptual Database Design Physical Database Design
* Process of constructing a model of the data * Process of producing a description of the
used in an enterprise, independent of all database implementation on secondary storage.
physical considerations.
* Describes base relations, file organizations, and
e Data model is built using the information in indexes used to achieve efficient access to data.
users’ requirements specification. Also describes any associated integrity
. constraints and security measures.
* Conceptual data model is source of
information for logical design phase. * Tailored to a specific DBMS system.

Three Level ANSI-SPARC Archltecture

Logical Database Design and Phases of Database Design

* Process of constructing a model of the data

used in an enterprise based on a specific oI A
data model (e.g. relational), but I | .
. . Logical/conceptual database design
independent of a particular DBMS and Conceptua
schema
other physical considerations. /
A
* Conceptual data model is refined and e
mapped on to a logical data model. | FlSicalian SRse GRS

Physical
storage v

18 20



DBMS Selection Application Design
* Selection of an appropriate DBMS to support the * Design of user interface and application

database system.

* Undertaken at any time prior to logical design

provided sufficient information is available . . .. .
regarding system requirements. Database design and application design are

« Main steps to selecting a DBMS: parallel activities.

— define Terms of Reference of study; e Includes two i tant activities:
— shortlist two or three products; nciudes two important activities:

— evaluate products; — transaction design;
—recommend selection and produce report. — user interface design.

programs that use and process the database.

21 23

Example - Evaluation of DBMS

Application Design - Transactions

Product
DBMS: Sample product * An action, or series of actions, carried out
Vendor: Sample vendor . . .
Physical Definition Group by a single user or application program,
Features comments Retne. Weianing — Score which accesses or changes content of the
File structures available Choice of 4 8 0.15 1.2
File structure maintenance NOT self-regulating 6 02 1.2 d ata ba se.
Ease of reorganization 4 0.25 1.0
Indexing 6 0.15 0.9 . .
Variable length fields/records 6 0l 09 * Should define and document the high-level
Data compression Specify with file structure 7 0.05 0.35 . . . .
Encryption rouines Choice of 2 4 00 02 characteristics of the transactions required.
Memory requirements 0 0.00 0
Storage requirements 0 0.00 0
Totals 41 1.0 5.75
Physical definition group 5.75 825 1.44

22 24



Application Design - Transactions

* Important characteristics of transactions:
— data to be used by the transaction;
— functional characteristics of the transaction;
— output of the transaction;
— importance to the users;

— expected rate of usage.

* Three main types of transactions: retrieval,
update, and mixed.

25

Prototyping

* Building working model of a database system.

* Prototypes help

— to identify features of a system that work well, or

are inadequate;
— to suggest improvements or even new features;
— to clarify the users’ requirements;

— to evaluate feasibility of a particular system design.

26
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Implementation

* Physical realization of the database and
application designs.

— Use DDL to create database schemas and empty
database files.

— Use DDL to create any specified user views.

— Use 3GL or 4GL to create the application programs.
This will include the database transactions
implemented using the DML, possibly embedded in
a host programming language.

27

Data Conversion and Loading

Transferring any existing data into new database

and converting any existing applications to run on

new database.

Only required when new database system is

replacing an old system.

— DBMS normally has utility that loads existing files into
new database.

May be possible to convert and use application

programs from old system for use by new system.

28



Testing Operational Maintenance

* Process of running the database system with * Process of monitoring and maintaining

intent of finding errors. database system following installation.
* Use carefully planned test strategies and realistic * Monitoring performance of system.

data. —if performance falls, may require tuning or
* Testing cannot show absence of faults; it can show reorganization of the database.

only that software faults are present. * Maintaining and upgrading database
* Demonstrates that database and application application (when required).

programs appear to be working according to

; * Incorporating new requirements into database
requirements.

application.
29 31
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Database A A

planning
|

System definition

Requirements
collection and analysis

Testing

* Should also test usability of system.

* Evaluation conducted against a usability
specification.

Upper-CASE

Application

Database design design

* Examples of criteria include:
— Learnability;
— Performance;
— Robustness;
— Recoverability;
— Adaptability.

Integrated-CASE

Prototyping Implementation

Data conversion
and loading

Testing

Operational
maintenance v v

Lower-CASE

Development Lifecycle

“CASE Tools and DB System

30
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Data Administration and Database
Administration
* The Data Administrator (DA) and Database

Administrator (DBA) are responsible for

managing and controlling the corporate data
and corporate database, respectively.

* DA is more concerned with early stages of

database system development lifecycle and
DBA is more concerned with later stages.

33

Data Administration

* Management of data resource including:
—database planning,

—development and maintenance of
standards, policies and procedures, and
conceptual and logical database design.

34
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Database Administration

* Management of physical realization of a
database system including:

— physical database design and
implementation,

—setting security and integrity controls,

—monitoring system performance, and
reorganizing the database.

35

Major functions of DBA and DA in the |
DB development life cycle

DB planning and System definition- Develop entry charts ,Analyze costs and
benefits, develop implementation plan, evaluate and select software/hardware,
establish application priorities, develop data standards

Requirements collection and analysis — define user requirements, develop data
definition, develop data dictionary

Database Design- Design conceptual model, external model, internal models and
integrity controls

DBMS selection ,Application design, Prototyping , Implementation, Data
conversion and loading, Testing

Specify DB access policies

Develop standards for application program, establish security techniques, load DBs,
specify test procedures and backup & recovery procedures

Operational maintenance — Monitor DB Performance, tune and re-organize DBs,
enforce standards
Support Users , implement change control procedures, plan DB growth and change




jor functlons of DBA and D in the
DB development life cycle

Jojensiuiwpy

g DB planning and System definition- Develop entry charts ,Analyze costs and

o benefits, develop implementation plan, evaluate and select software/hardware,
establish application priorities, develop data standards

— Requirements collection and analysis — define user requirements, develop data
definition, develop data dictionary
Database Design-

—{Design conceptual model, external model

DBA | Design internal models and integrity controls
DBMS selection ,Application design, Prototyping , Implementation, Data
conversion and loading, Testing
DA & DBA_ . -
Iépecnfy DB access policies
evelop standards for application program, establish security techniques, load DBs,
specify test procedures and backup & recovery procedures
DBA Operational maintenance — Monitor DB Performance, tune and re-organize DBs,
enforce standards
rS'L_Jpport Users , implement change control procedures, plan DB growth and change
DA & DBA —
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Cardinality Ratios

Constrains the number of entities that can
. . . participate in each role of the relationship
Entity-Relationship (E-R)

‘\‘MAJOR_D
MOdel STUDENT DEPT

Tutor Tutee .@ 4

Part 2 All departments have a faculty

member who serves as the chair. A

faculty member can only chair one FACULTY
department.

1

1ton
Structural Constraints on
Relationship

* Cardinality constraints
— Zero-to-one 0..1 STULEND BEED
— Zero-to-many 0..* i
— One-to-many 1..* Tutor Tutee
— Many-to-many *..*

» Participation constraints
— Total (mandatory, every one involved)

] ] . All students must have a department 1
— Partial (optional, only some involved) in which they major.

* Improper relationship FACULTY
— Fan trap (ambiguous pathway)
— Chasm trap (missing pathway)




ntom

n:m 4
Structural Constraints
N MAIOR_D 1 If i’m enti;‘y dogs not exist unless it a;lji(:)ears with gn entiéy in a)
relationship, the participation is total (existence dependency).
STUDENT . ” DEPT Else, tial.

Tutor Tutee 1 N 1
STUDENT DEPT

CHAIR_F N M
1
Tutor Tutee @
Students may have any number of 1 N M
departments in which they minor. ¢ AL
FACULTY

All departments have a faculty 1
member who serves as the chair. A
faculty member can only chair one

FACULTY
department.
N MAJOR_D 1
STUDENT DEPT
N M
1 N MAJOR_D 1
Tutor Tutee STUDENT DEPT
N M

N M
CHAIR_F @ 1
Tutor Tutee
N M
Students can tutor other student(s). 1 ¢ ¢

FACULTY Aﬂ stu.rdenrs musr.have a department 1
in which they major.

FACULTY




Weak Entities

Entity types that do not have key attributes
of their own are weak; instead identified by
relation to specific entity of another type

(the identifying type)

SECTION

COURSE

Example

We store each employee’s
name (first, last, Ml), Social
Security number (SSN), street
address, salary, sex (gender,
and birth date. An employee is
assigned to one departmerit,
but may work on several
projects, which are not
necessarily controfled by the
same department. We keep
track of the current number of
hours per week that an
employee works on each
project. We also keep track
of the direct supervisor of
each employee (who is
another employee).

Answer

CQ|

EMPLOYEE
-
Supervisee

1
Supervisor

Example

We want to keep track
of the dependents of
each employee for
Insurance purposes. e
keep each dependent's
first name, sex, birth
aate, and relationship to
the employee.

DEPENDENT

=



Answer Answer

PROJECT
EMPLOYEE
= R CPERCD

DEPARTMENT
DEPENDENT

== DEPENDENT =

Example Each department has a ...
particular employee who
A department controls manages the department,
a number of projects,

An employee is assigned
to one adepartment, but

each of which has a
unique name, a unique

, may work on several
number, and a single projects, which are not
location. necessarily controlled by

the same department. We
keep track of the current
number of hours per
DEPARTMENT week that an employee
works on each project.




Answer

Supervisor Supervisas
@ N
EMPLOYEE

N

1
DEPARTMENT @

Enhanced Entity-Relationship Model

Additional entity types
— Superclass: including one or more distinct subgroups in the data model
— Subclass: a distinct subgroup of an entity type in the data model
Attribute Inheritance

— Specialization hierarchy (specialization: maximizing the differences
between members of an entity by identifying their distinguishing
characteristics)

— Generalization hierarchy (generalization: minimizing the differences
between entities by identifying their common characteristics)

— Is-Ahierarchy
Constraints on specialization/generalization
— Participation (mandatory, optional)
— Disjoint: disjoint (or), non-disjoint (and)
Other
— Aggregation (has a or is part of)
— Composition (strong ownership of aggregation)

Specialization/Generalization

Only a subset of entities within a type have
certain attributes or participate in certain

relationships

STUDENT

GRAD_STUDENT

Multiple Subtypes: Disjointedness

(o)verlap: may be more than one
(d)isjoint: entities may only be one subtype

Co

PERSON

A person can be an
employee, an

alumnus, and/or a
student

EMPLOYEE ALUMNUS STUDENT




Multiple Subtypes: Completeness

Similar to relationships; can be total (must
belong to subtypes) or partial (can belong)

GO

Multiple Subtypes: Disjointedness

(o)verlap: may be more than one
(d)isjoint: entities may only be one subtype

A person can be an
employee, an

A person must be
exactly one: an

alumnus, and/or a i EERSON employee, an
stu alumnus, or a student
EMPLOYEE ALUMNUS ST EMPLOYEE ALUMNUS STUDENT
Multiple Subtypes: Disjointedness Exercise
(O)Verlap: may be more than one The database keeps track of three of persons: emplog'aees alumnl, and students. A
person can belong to one, two, or all three of these types. Each person has a name, SSN,

(d)isjoint: entities may only be one subtype sex, address, and birth date.

Every employee has a salary, and there are three types of employees: facul'gy. staff, and
student assistants. Each employee belongs to exactly one of these types. For each
alumnus, a record of the degree or degrees that he or she earned at the university Is kept,

‘A person can be including the name of the degree, the year granted, and the major department. Each
PERSON either an employee, student a major department.
an alumnus, or a

student « Each faculty has a rank, whereas each staff member has a staff position. Student
assistants are classified further as either research assistants or teaching assistants, and
the percent of time that they work is recorded in the database. R agsistants have
thelﬁr( research project stored, whereas teaching assistants have the current course they
work on.

Students are further classified as elther raduatse or undergraduate, with the specific
attributes degree program (M.S., Ph.D., M.B.A., and so on) for graduate students and
class (freshman, sophomore, and S0 on) for under- graduates.

EMPLOYEE ALUMNUS STUDENT




Answer  Create an enhanced ER diagram for a rental
management using following entities:

Nam Sex Address
— Rental agency
Ssn )| PERSON |—(Birth_date
! — Staff
Salary Major_dept .
e Part time
EMPLOYEE ALUMNUS STUDENT ° Full time
Degrees
— Owner
Year )( Degree )( Major
d d — Renter
Percent_time
— Property
STAFF FACULTY STUDENT GRADUATE UNDERGRADUATE
ASSISTANT STUDENT STUDENT ° BU.SIIICSS
Position Rank Degree_program Class
: d e Home
Project Course

RESEARCH_ASSISTANT TEACHING_ASSISTANT

Design Steps A Sample Database Application

* Identify « COMPANY
— Entity types, relationship types — Employees, departments, and projects
— Cardinality and participation constraints — Company is organized into departments
— Attributes — Department controls a number of projects
— Keys — Employee: store each employee’s name, Social
— Specialize/generalize Security number, address, salary, sex (gender),
_ EER diagram and birth date

— Keep track of th ts of each ]
« EER model example eep track of the dependents of each employee



@w Lname

Ssn
EMPLOYEE
Supervisor Supervisee 1 PROJECT
' ; (e
Location
DEPENDENTS_OF @M
N
DEPENDENT
Sex Birth_date Relationship
Figure 7.2 = —

An ER schema diagram for the COMPANY database. The diagrammatic notation
is introduced gradually throughout this chapter and is summarized in Figure 7.14.




: ER-to-Relational Mapping Algorithm
Relational Database | .
= Step 1: Mapping of Regular Entity Types.

D . b E R d = For each regular (strong) entity type E in the ER schema,
eSl g n y - dan create a relation R that includes all the simple attributes of

E

. . Ciqoose one of the key attributes of E as the primary key for
EERR-to-Relational ;

= If the chosen key of E is composite, the set of simple
attributes that form it will together form the primary key of R.

M a p pl ng = Example: We create the relations EMPLOYEE,
DEPARTMENT, and PROJECT in the relational schema
HNDIT3042 Database Management Systems corresponding to the regular entities in the ER diagram.

= SSN, DNUMBER, and PNUMBER are the primary keys for
the relations EMPLOYEE, DEPARTMENT, and PROJECT
as shown.
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FIGURE 7.1
The ER conceptual schema diagram for the COMPANY database.

Outline

= ER-to-Relational Mapping Algorithm

Step 1: Mapping of Regular Entity Types

Step 2: Mapping of Weak Entity Types

Step 3: Mapping of Binary 1:1 Relation Types

Step 4: Mapping of Binary 1:N Relationship Types.
Step 5: Mapping of Binary M:N Relationship Types.
Step 6: Mapping of Multivalued attributes.

Step 7: Mapping of N-ary Relationship Types.

= Mapping EER Model Constructs to Relations
= Step 8: Options for Mapping Specialization or Generalization.
= Step 9: Mapping of Union Types (Categories).

DEPENDENT

e o> o >  rontry
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FIGURE 7.2
Result of mapping the COMPANY ER schema into a relational schema.

ER-to-Relational Mapping Algorithm (contd.)

EMPLOYEE = Step 3: Mapping of Binary 1:1 Relation Types
[LEretme || Winit | Lame “—S—s—" | Bdste | Addross [ Sex | Selary | Supersen] bno | = For each binary 1:1 relationship type R in the ER schema, identify the
relations S and T that correspond to the entity types participating in R.
DEPARTMENT s There are three possible approaches:
[ Drame | Doumber. | Mgr_son | Mgr_start_date| 1. Foreign Key approach: Choose one of the relations-say S-and include
A a foreign key in S the primary key of T. It is better to choose an entity
DEPT_LOCATIONS type with total participation in R in the role of S.

= Example: 1:1 relation MANAGES is mapped by choosing the participating
entity type DEPARTMENT to serve in the role of S, because its participation
in the MANAGES relationship type is total.

| Dnumber | Dlocation ‘
e —

PROJECT 2. Merged relation option: An alternate mapping of a 1:1 relationship type
| Prame | Pnumber | Plocation | Dnum is possible by merging the two entity types and the relationship into a

— single relation. This may be appropriate when both participations are
WORKS_ON total.

3. Cross-reference or relationship relation option: The third alternative
is to set up a third relation R for the purpose of cross-referencing the
primary keys of the two relations S and T representing the entity types.

|E3ﬁ’Pﬂ|Hours|
I

DEPENDENT -
Figure 7.2
| Essn | Dependent_name | Sex \ Bdate | Relationship Result of mapping the COMPANY ER
L schema into a relational database schema.
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ER-to-Relational Mapping Algorithm (contd.) ER-to-Relational Mapping Algorithm (contd.)

= Step 2: Mapping of Weak Entity Types = Step 4: Mapping of Binary 1:N Relationship Types.
= For each weak entity type W in the ER schema with owner entity = For each regular binary 1:N relationship type R, identify the
type E, create a relation R & include all simple attributes (or relation S that represent the participating entity type at the
a-mple components of composite attributes) of W as attributes of N-side of the relationship type.
= Also, include as foreign key attributes of R the primary key = Include as foreign key in S the primary key of the relation T
attribute(s) of the relation(s) that correspond to the owner entity that represents the other entity type participating in R.
type(s). _ o _ = Include any simple attributes of the 1:N relation type as
= The primary key of R is the combination of the primary key(s) of attributes of S
the owner(s) and the partial key of the weak entity type W, if any. o )
= Example: Create the relation DEPENDENT in this step to = Example: 1:N relationship types WORKS_FOR,
correspond to the weak entity type DEPENDENT. CONTROLS, and SUPERVISION in the figure.
= Include the primary key SSN of the EMPLOYEE relation as a = For WORKS_FOR we include the primary key DNUMBER
foreign key attribute of DEPENDENT (renamed to ESSN). of the DEPARTMENT relation as foreign key in the
= The primary key of the DEPENDENT relation is the combination EMPLOYEE relation and call it DNO.

{ESSN, DEPENDENT NAME} because DEPENDENT_NAME is
the partial key of DEPENDENT.
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ER-to-Relational Mapping Algorithm (contd.)

= Step 5: Mapping of Binary M:N Relationship Types.
= For each regular binary M:N relationship type R, create a new
relation S to represent R.

= Include as foreign key attributes in S the primary keys of the
relations that represent the participating entity types; their
combination will form the primary key of S.

= Also include any simple attributes of the M:N relationship type (or
simple components of composite attributes) as attributes of S.

m Example: The M:N relationship type WORKS_ON from the
ER diagram is mapped by creating a relation WORKS_ON
in the relational database schema.

= The primary keys of the PROJECT and EMPLOYEE relations are
included as foreign keys in WORKS_ON and renamed PNO and
ESSN, respectively.

= Attribute HOURS in WORKS_ON represents the HOURS attribute of
the relation type. The primary key of the WORKS_ON relation is the
combination of the foreign key attributes {ESSN, PNO}.

Copyright © 2007 Ramez Elmasri and Shamkant B. Navathe Sllde 7- 9

ER-to-Relational Mapping Algorithm (contd.)

n Step 6: Mapping of Multivalued attributes.

= For each multivalued attribute A, create a new relation R.

= This relation R will include an attribute corresponding to A, plus the
primary key attribute K-as a foreign key in R-of the relation that
represents the entity type of relationship type that has A as an
attribute.

= The primary key of R is the combination of A and K. If the
multivalued attribute is composite, we include its simple
components.

» Example: The relation DEPT_LOCATIONS is created.

= The attribute DLOCATION represents the multivalued attribute
LOCATIONS of DEPARTMENT, while DNUMBER-as foreign key-
represents the primary key of the DEPARTMENT relation.

= The primary key of R is the combination of {DNUMBER,
DLOCATION}.

Copyright © 2007 Ramez Elmasri and Shamkant B. Navathe Sllde 7- 10

ER-to-Relational Mapping Algorithm (contd.)

= Step 7: Mapping of N-ary Relationship Types.

= For each n-ary relationship type R, where n>2, create a new
relationship S to represent R.

= Include as foreign key attributes in S the primary keys of the
relations that represent the participating entity types.
= Also include any simple attributes of the n-ary relationship

type (or simple components of composite attributes) as
attributes of S.

» Example: The relationship type SUPPY in the ER on the

next slide.

= This can be mapped to the relation SUPPLY shown in the
relational schema, whose primary key is the combination of the
three foreign keys {SNAME, PARTNO, PROJNAME}

Copyright © 2007 Ramez Elmasri and Shamkant B. Navathe Slide 7- 11

FIGURE 4.11
Ternary relationship types. (a) The SUPPLY relationship.

@

SUPPLIER PROJECT
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FIGURE 7.3

Mapping the n-ary relationship type SUPPLY from Figure 4.11a.

SUPPLIER

SNAME

PROJECT

PROJNAME

PART

PARTNO

SUPPLY

SNAME PROJNAME PARTNO

QUANTITY

Copyright © 2007 Ramez Elmasri and Shamkant B. Navathe

Summary of Mapping constructs and

constraints
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Table 7.1 Correspondence between ER and Relational Models

ER Model

Entity type

1:1 or 1:N relationship type
M:N relationship type
n-ary relationship type
Simple attribute

Composite attribute
Multivalued attribute
Value set

Key attribute

Relational Model

“Entity” relation

Foreign key (or “relationship” relation)
“Relationship” relation and two foreign keys
“Relationship” relation and n foreign keys

Attribute

Set of simple component attributes

Relation and foreign key

Domain

Primary (or secondary) key

Copyright © 2007 Ramez Elmasri and Shamkant B. Navathe
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Mapping EER Model Constructs to
Relations

n Step8: Options for Mapping Specialization or
Generalization.

= Convert each specialization with m subclasses {S1,

S2,....,Sm} and generalized superclass C, where the
attributes of C are {k,a1,...an} and k is the (primary)
key, into relational schemas using one of the four
following options:

= Option 8A: Multiple relations-Superclass and

subclasses
= Option 8B: Multiple relations-Subclass relations only
= Option 8C: Single relation with one type attribute

= Option 8D: Single relation with multiple type
attributes

Copyright © 2007 Ramez Elmasri and Shamkant B. Navathe Sllde 7- 15

Mapping EER Model Constructs to
Relations

= Option 8A: Multiple relations-Superclass and
subclasses
= Create a relation L for C with attributes Attrs(L) = {k,a1,...an}
and PK(L) = k. Create a relation Li for each subclass Si, 1 <i <
m, with the attributesAttrs(Li) = {k} U {attributes of Si} and
PK(Li)=k. This option works for any specialization (total or
partial, disjoint of over-lapping).
= Option 8B: Multiple relations-Subclass relations only
= Create a relation Li for each subclass Si, 1 <i < m, with the
attributes Attr(Li) = {attributes of Si} U {k,a1...,an} and PK(Li) =
k. This option only works for a specialization whose
subclasses are total (every entity in the superclass must
belong to (at least) one of the subclasses).

Copyright © 2007 Ramez Elmasri and Shamkant B. Navathe Sllde 7- 16



FIGURE 4.4 FIGURE 4.3
EER diagram notation for an attribute-defined specialization on JobType. Generalization. (b) Generalizing CAR and TRUCK into the superclass VEHICLE.

LicensePlateNo

EMPLOYEE

Job Type

NoOfPassengers
“Engineer’
MaxSpeed

NoOfAxles

“Secretary”

“Technician”
| SECRETARY | | TECHNICIAN | | ENGINEER |
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FIGURE 7.4 FIGURE 7.4
Options for mapping specialization or generalization. Options for mapping specialization or generalization.
(a) Mapping the EER schema in Figure 4.4 using option 8A. (b) Mapping the EER schema in Figure 4.3b using option 8B.
(b) CAR

(@ EMPLOYEE
| SSN | FName |Minit | LName | BirhDate | Address | JobType |

Vehicleld LicensePlateNo | Price | MaxSpeed NoOfPassengers

SECRETARY TECHNICIAN ENGINEER TRUCK
| @ | TyplngSpeed | ‘ @ | TGrade | | ﬁ l EngType | Veth'eid LlCEﬂSEPlateNO Pnce NOOfAXIeS
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Mapping EER Model Constructs to Relations FIGURE 7.4

(contd ) Options for mapping specialization or generalization.
. (c) Mapping the EER schema in Figure 4.4 using option 8C.

= Option 8C: Single relation with one type attribute
= Create a single relation L with attributes Attrs(L) = {k,a,,...a,} U
{attribUteS Of S1} UU {attribUteS Of Sm} U {t} and PK(L) = k © |ESthL(|)T=iI:me | Minit | LName | BirthDate | Address | JobType | TypingSpeed | TGrade| |
The attribute t is called a type (or discriminating) attribute that —
indicates the subclass to which each tuple belongs

= Option 8D: Single relation with multiple type attributes

= Create a single relation schema L with attributes Attrs(L) =
{k,a,,...a,} U {attributes of S} U...U {attributes of S} U {t,,
ty,...,to} and PK(L) = k. Each t;, 1 <| < m, is a Boolean type
attribute indicating whether a tuple belongs to the subclass S,.
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FIGURE 4.5

FIGURE 4.4
EER diagram notation for an overlapping (non-disjoint) specialization.

EER diagram notation for an attribute-defined specialization on JobType.

PART

EMPLOYEE

Job Type

“Engineer” ManufactureDate

SupplierName

“Secretary”

BatchNo

“Technician”
| wanuFacTURED_PART | | PURCHASED_PART |
| SECRETARY | | TECHNICIAN | | ENGINEER |
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FIGURE 7.4

FIGURE 4.7
Options for mapp|ng Specia"zation or genera"zation_ (d) Mapp|ng Figure A Specialization lattice with multlple inheritance for a UNIVERSITY
4.5 using option 8D with Boolean type fields Mflag and Pflag. database.
& P

d) PART

| PartNo I Description ‘ MFlag , DrawingNo | ManufactureDate | BatchNo | PFlag | SupplierName | ListPrice |

s

STUDENT

Year ) Degree > Major

e
3

GRADUATE UNDERGRADUATE
STUDENT STUDENT

ASSISTANT

)
[ RESEARCH_ASSISTANT | [ TEACHING ASSISTANT |
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Mapping EER Model Constructs to FIGURE 7.5
. Mapping the EER specialization lattice in Figure 4.6 using multiple
Relations (contd.) options.
» Mapping of Shared Subclasses (Multiple Inheritance)
= Ashared subclass, such as STUDENT_ASSISTANT, is a FERN :
. . . . . . | SSN | Name | BirthDate | Sex | Address |
subclass of several classes, indicating multiple inheritance.
These classes must all have the same key attribute; EMPLOYEE
OtherWise, the shared subclass would be modeled as a | SSN | Salary ‘ EmployeeType | Position | Rank | PercentTime | RAFlag | TAFlag | Project’ ‘
category.
= We can apply any of the options discussed in Step 8 to a o |ASLSLLM|MY’fa—rD\E(;§g'fiS| |
shared subclass, subject to the restriction discussed in Step — — '
8 of the mapping algorithm. Below both 8C and 8D are used STUDENT
for the shared class STU DENT_ASSISTANT | SSN | MajorDept | GradFlag | UndergradFlag | DegreeProgram | Class ‘ StudAssistFlag
Copyright © 2007 Ramez Elmasri and Shamkant B. Navathe Sllde 7- 26
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FIGURE 7.6
Mapping the EER categories (union types) in Figure 4.7 to relations.

Mapping EER Model Constructs to
Relations (contd.)

PERSON

n Step 9: Mapping of Union Types (Categories). ['Ssi | Drverticenseto | Nme | Adorss | |
= For mapping a category whose defining BANK

superclass have different keys, it is customary to EDETIETTT

specify a new key attribute, called a surrogate key, I%zMPATYCAdd ==

when creating a relation to correspond to the — 1
OWNER

category.

= In the example below we can create a relation SRR VEMIELE

OWNER to correspond to the OWNER category | Veticeld | LicensePltenumber |

and include any attributes of the category in this CAR

relation. The primary key of the OWNER relation is [ veiceu [ s | ovale | oMol | |

the surrogate key, which we called Ownerld. TRUGK
I Vehicleld I TMakeI TModeII Tonnage | TYear l
OWNS
I Ownerld Vehicleldl PurchaseDate l LienOrRegular |
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FIGURE 4.8
Two categories (union types): OWNER and REGISTERED_VEHICLE. Mapplng Exe rCise
Exercise 7.4.
= o FIGURE 7.7
—_— An ER schema for a
= SHIP_TRACKING
database.

{3

Ty CTomage > G

)

EndDate

il
" D e
0

N
N
\ 1 SEA/OCEAN/LAKE
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DataBase
Management
System

Introduction

Relations derived from ER model may be ‘faulty’
— Subjective process.

— May cause data redundancy, and insert/delete/update
anomalies.

We use some mathematical (semantic?) properties of
relations to

— |ocate these faults and
— fix them

Process is called Normalization.

Database Design

* Database design process can be divided into 6
major steps:

Requirements Analysis

Conceptual Database Design

Logical Database Design

Schema Refinement

Physical Database Design

Security Design

oukwnE

Data Redundancy

Major aim of relational database design is

— to group attributes into relations to minimize data redundancy
and

— to reduce file storage space required by base relations.

Data redundancy is undesirable because of the following
anomalies

\ U .
— 'Insert anomalies
— 'Delete’ anomalies
— 'Update’ anomalies



Anomalies Anomalies (contd.)
Too many attributes...

For example,

* Inserting a department with no teacher
LECTURER (id, name, address, salary, department, building) — (Impossible — b/c null values for id is not allowed)

Anomalies (contd.) Anomalies (contd.)

Insertion Anomaly... Deletion Anomalies...

1. Inserting a new lecturer to the

Teacher table . Deleting the last lecturer from

the department will lose
information about the
department.

- Department information is
repeated (ensure that correct
department information is inserted).

LECTURER (id, name, address, salary, department, building)
Teacher (id, name, address, salary, department, building)



Anomalies (contd.)

Updating Anomalies...

* Updating the department’s
building needs to be done for
all lecturers working for that
department.

Teacher (id, name, address, salary, department, building)

Loss-less join property

Decomposing the relation into too smaller relations...

* Loss-less join property: we might lose information if we

decompose relations...

Decomposition of Relations

» Staff and Branch relations which are obtained by

decomposing StaffBranch do not suffer from these anomalies.

. . L Ay

* Two important properties of decomposition

— Lossless-join property enables us to find any instance of
original relation from corresponding instances in the
smaller relations.

— Dependency preservation property enables us to enforce

a constraint on original relation by enforcing some
constraint on each of the smaller relations.

Loss-less join property (contd.)

For example,

S R, R,

S P D S P P D
S1 |P1 |D1 S1  |P1 P1 |D1
S2 |P2 |D2 s2  |p2 P2 |D2
S3 |P1 |D3 s3  |p1 P1 |D3




Loss-less join property (contd.) Functional dependency

Joining them together, we get spurious tuples... .
& & getsp P * Afunctional dependency, denoted by X Y,

* X functionally determines Y

S ™ D * Y is functionally dependent on X
S1 P1 D1 * where X and Y are sets of attributes in relation R, specifies the
o] following constraint:
R, R, S1 P1 D3 Let t; and t, be tuples of relation R for any given instance
S2 P2 D2 Whenever t,[X] = t,[X] then t,[Y] = t,[Y]
S3 P1 D1 where t;[X] represents the values for X in tuple t;
S3 P1 D3

The Process of Normalization Functional dependency (contd.)
TEACH
. Formal technique for analyzing a relation based on its primary key and
functional de[:?endencies t}/etwgeen its attributes. P yiey STUDENT COURSE TEACHER
. Often executed as a series of steps. Each step corresponds to a specific Narayana Database ABC
normal form, which has known properties. X
. . . Sumith Database ABC
. As normalization proceeds, relations become progressively more
restrlctled (stronger) in format and also less vulnerable to update Nalin Operating Systems Samantha
anomalies.
Kamal Mathematics Chandrika
. Given a relation, use the following cycle .
—  Find out what normal form it is in Janith Database ABC
—  Transform the relation to the next higher form by decomposing it to Ranil Operating Systems Samantha
form simpler relations : :
- You may need to refine the relation further if decomposition Saman Mathematics Chandrika
resulted in undesirable properties
Ruwan Database ABC

Normalization is based on Functional Dependencies
TEACHER > COURSE



Functional Dependency

* Diagrammatic representation:

I B is functionally
dependent on A
*  Determinant of a functional dependency refers to attribute or group of
attributes on left-hand side of the arrow.

* [f the determinant can maintain the functional dependency with a minimum

number of attributes, then we call it full functional dependency.

Key Terms

Review of some terms...

* Superkey: Set of attributes S in relation R that
can be used to identify each tuple uniquely.

* Key: A key is a superkey with the additional
property that removal of any attributes from
the key will not satisfy the key condition.

Key Terms

Candidate Key: Each key of a relation is called a
candidate key.

Primary Key: A candidate key is chosen to be the
primary key.

Prime Attribute: an attribute which is a member
of a candidate key.

Nonprime Attribute: An attribute which is not
prime.

Unnormalized Form (UNF)

N e L\

* A table that contains one or more repeating groups.

* To create an unnormalized table:

— Transform data from information source (e.g. form) into table
format with columns and rows.

Example 1 — address and name fields are composite

Name Address Phone




\

f UN

Another example o

Normalization (contd.)

Example 2 — repeating columns for each client &

st
composite name field 1t Normal Form

* Arelation Ris in first normal
form (1NF) if domains of all
Rep ID | Representative | Client1 | Time 1 |Client2 | Time 2 | Client3 | Time 3 attributes in the relation are
atomic (simple & indivisible).

* Avoid multivalued &
composite attributes.

UNF to INF Normalization (contd.)

For example...
DEPARTMENT (Dname,Dnumber, DMGRSSN, DLocation)

* Remove repeating group by:

. . . DEPARTMENT
— entering appropriate data into the empty columns of rows
. . - 't H ?
containing repeating data (‘flattening’ the table). SV DNUMBER  DMGRSSN OB
Research 5 333445555 {Mathara, Kandy, Metro}
Or by Administratio 4 987654321 {Malabe}
— placing repeating data along with copy of the original key Fieadquarters 1 888665555 {Metro}

attribute(s) into a separate relation.
* Department relation not in INF

* How to take into INF ?
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Normalization (contd.)

Solution 1: Create a separate DLOCATION relation with foreign
key.

Solution 2: If max number of locations is known, create a
column for each location (may have lots of null values).

Solution 3: Repeat the same info (redundancy + new key
attribute).

Normallzatlon (contd)

Solution 1:
DEPARTMENT
DNAME DNUMBER DMGRSSN DLOCATIONS
Research 5 333445555 Mathara
Research 5 333445555 Kandy
Research 5 333445555 Metro
Administration 4 987654321 Malabe
Headquarters 1 888665555 Metro

1NF relation with redundancy

* Expand the key so that there will be a separate tuple in the
original DEPARTMENT relation for each location of the
DEPARTMENT.

* This solution has the disadvantage of introducing redundancy in
the relation.

Normallzatlon (contd)

Solution 2:
DEPARTMENT
DNAME DNUMBER |DMGRSSN DLOC1 DLOC2 |DLOC3
Research 5 333445555 | Mathara | Kandy | Metro
Administration 4 987654321 | Malabe Null Null
Headquarters 1 888665555 Metro Null Null

DEPT_LOCATIONS
DNUMBER

1

a o a »

DEPARTMENT
DNAME

Research

Administration

Headquarters

DLOCATIONS

Metro

Malabe

Mathara

Kandy

Metro

DNUMBER DMGRSSN

5 333445555
4 987654321
1 888665555

Need to know max number of locations.
create a column for each location.
may have lots of null values.

Normallzatlon (contd)

Solution 3:

Remove the attribute

DLOCTION and placeitin a
separate relation
DEPT_LOCTIONS along with
the primary key DNUMBER of
DEPARTMENT.

The PK is the combination
{DNUMBER, DLOCTION}

This decompose the non-INF
relation into two INF relation.




Normalization (contd.)

* A functional dependency, X =2 Y is a full functional dependency if removal of any
attribute A from X means that the dependency does not hold

(i.e. (X—{A}) 2 Y does not hold )

Wi
Il

>
i

Normalization (contd.)

* Lossless join decomposition:
— Decomposition of R into X and Y is /ossless-join w.r.t. a set

TEACH of FDs F if, for every instance r that satisfies F:
STUDENT COURSE TEACHER CAMPUS C L XTI, (1) = r

Narayan Database ABC Metro

Smith Database XYz Malabe

Nalin Operating Systems Samantha Metro

Kamal Operating Systems ABC Malabe

Janith Database ABC Metro This condition holds if attributes common to
Ranil Operating Systems Samantha Metro A e Y @eiiEl @ el Tor Slier 28 ey
Saman Operating Systems ABC Malabe

Ruwan Database XYz Malabe

{Teacher, Campus} = Course

bl

Normalization (contd.) Removing partial dependency
2" Normal Form:
* Arelation R is in second normal form (2NF) if every nonprime

attribute A in R is not partially dependent on any key of R.

Example: Not in 2NF * Place the attributes that create the partial

[ v ! ! .
TEACHER  |CAMPUS | COURSE ADDRESS dependency in a separate table.
ABC Metro Database BoC Merchant Tower
XYz Malabe Database Malabe Campus
Samantha Metro Operating Systems BoC Merchant Tower ° Make sure that the new table's primary key iS

ABC Malabe

Operating Systems Malabe Campus

1 left in the original table.




e

TEACHER CAMPUS COURSE ADDRESS

ABC Metro Database BoC Merchant Tower
XYz Malabe Database Malabe Campus
Samantha Metro Operating Systems BoC Merchant Tower
ABC Malabe Operating Systems Malabe Campus

T

Another Example

EMP_PROJ
SSN |PNUM HOURS |ENAME |PNAME LOC
FD1| | I
FD2| !
FD3 | ! |

Normalization (contd.)

Example: After normalized into 2NF

TEACHER CAMPUS COURSE

ABC Metro Database

XYZ Malabe Database

Samantha Metro Operating Systems

ABC Malabe Operating Systems
CAMPUS ADDRESS
Metro BoC Merchant Tower
Malabe Malabe Campus

Normalization (contd.)

EP1ISSN |PNUM |[HOURS
| | f
EP2ISSN |ENAME
L 7
EP3|PNUM |PNAME |PLOC
| i j
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Normalization (contd.) Removing transitive dependency

3rY Normal Form:

e Arelation Ris in 3@ normal

form (3NF) if ever ) ..
( ) y * Place the attributes that create the transitive

dependency in a separate table.

— Risin 2NF, and
— No nonprime attribute is e ' )
transitively dependent on any . Malfe sure that the new talgle s primary key
key. attribute is the foreign key in the original
table.

Transitive dependency SSN |BDATE |ADD |[DNUM |DNAME |DMGR

Attribute is dependent on another attribute that is | | | |
not part of the primary key.

Requires the decomposition of the table

containing the transitive dependency. DNUM DNAME DMGR
EMP_DEPT —— T T
ENAME |SSN |BDATE |ADD [DNUM [DNAME |DMGR \

T | T T { T T ENAME |SSN |BDATE |ADD |DNUM




Normalization (contd.)

l l l l l
INV_DATE [INV_AMOUNT| CUS_NUM | CUS_ADDRESS | CUS_PHONE PROPERTY |COUNTY |LOT# | AREA |PRICE TAX_

| i | 1D _NAME RATE

FDI | T T L]
FD2 | | | ] P

FD3 | I

D4 L1

Keys: PropertylD, (County_Name, Lot#)

Normalization (contd.)

Original table

h INV_DATE |INV_AMOUNT| CUS NUM | CUS_ADDRESS | CUS_PHONE

| — DI — | * INF, 2NF & 3NF guarantee to preserve lossless
join property.

h INV_DATE |INV_AMOUNT| CUS NUM
ﬁnnmss CUS_PHONE

New Tables




i

Dependency diagra\r/n’\I r Toen 11

C4 C5

Identify the dependencies shown in the above diagram

C1->C2
C4 ->C5
C1,C3 ->C2,C4,C5

partial dependency
transitive dependency
functional dependency

in 2NF, showing the dependency diagrams
for each table.

Table 1

i Primary key: Cl
Q Foreign key:  None
Normal form: 3NF

Table 2

Primary key: C1+C3

- Foreign key: C1 (to Table 1)

Normal form: 2NF, because the
table exhibits the transitive
dependencies C4 —> C5

Create a database whose tables are at least in 3NF

Table 1
Primary key:
Foreign key:
Normal form:

Table 2
Primary key:
Foreign key:

Normal form:

Table 3
Primary key:
Foreign key:
Normal form:

O\ ~
o g, —
coicd -

C1
None
3NF

C1+C3
C1 (to Table 1)
C4 (to Table 3)
3NF

C4
None
3NF

Vi
\!1
)

!

Normalization (contd.)

* Denormalization...

Sometime for performance

reasons, database designer may

leave the relation in a lower
normal form. This process is
known as denormalization.




Normalization

* Normalization complete ©

* Any questions ???

E
Wl

Normalization Flow

UNF

Remove repeating groups

INF

Remove partial dependencies

2NF

Remove transitive dependencies

3NF

|

More normalized forms

our turni
Student Results Table

Course |Course |Student | Student |Date of | Tutor Tutor Grade | Result

Code Title Code Name Birth Code Name

SYA Systems | A2345 Smith 20/08/69 | 1746 Jones A Dist.

Analysis | A7423 Barker | 03/04/59 | 1746 Jones (e} Pass

B3472 Green 23/02/70 | 1330 Jarvis D Pass
A3472 Harris 17/07/69 | 1746 Jones F Fail
B9843 Green 10/11/68 | 1330 Jarvis B Merit

COB COBOL | A7423 Barker 03/04/69 | 1520 Hooper |E Fail
A4217 Morris 17/01/68 | 1520 Hooper |B Merit
B8238 Carter 09/12/69 | 1520 Hooper |C Pass

PAS Pascal A4217 Morris 17/01/68 | 1520 Hooper |A Dist.
B9843 Green 10/11/68 | 1283 Trotter B Merit
A3393 White 30/09/69 | 1283 Trotter E Fail
A4247 Cross 25/12/69 | 1520 Hooper |C Pass

Learning Outcomes

At the end of the module the student will be able to:

* Describe the fundamental concepts in databases and
data processing

* Analyze and systematically represent relationships in
data records and perform data modeling

* Create, populate and manage relational databases in
system

* Use query languages to populate, update and retrieve
data from databases

* Implement basic security in database systems

52



Outline Syllabus

* An introduction to data processing and databases
* Database management systems

* Data analysis and Data modeling (ER diagrams
and conceptual modeling)

* Relational models and normalizations
* Creating databases using GUI tools
* Query Languages (Standard Query language)

 Introduction to database security simple report
creations.

Assessment & Weighting

* In class assignments and tutorials 25%
* Simple database design 25%

* End of semester examination Structured
examination paper 50%

54
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Questions?
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her exaple of U

Example 2 — repeating columns for each client &
composite name field

Database
Management Rep ID | Representative Client1 |[Time 1 | Client2 | Time 2 | Client 3 Time 3
System
Normalization
Unnormalized Form (UNF)

UNF to INF

* A table that contains one or more repeating groups.

* To create an unnormalized table:
— Transform data from information source (e.g. form) into table * Remove repeating group by:
format with columns and rows. — entering appropriate data into the empty columns of rows

_ _ containing repeating data (‘flattening’ the table).
Example 1 — address and name fields are composite

Or by

— placing repeating data along with copy of the original key
attribute(s) into a separate relation.

Name Address Phone




Normalization (contd.)

15t Normal Form

* Arelation Ris in first normal
form (1NF) if domains of all
attributes in the relation are
atomic (simple & indivisible).

* Avoid multivalued &
composite attributes.

Normalization

For example...
DEPARTMENT (Dname,Dnumber, DMGRSSN, DLocation)

DEPARTMENT
DNAME DNUMBER DMGRSSN DLOCATIONS
Research 5 333445555 {Mathara, Kandy, Metro}
Administratio 4 987654321 {Malabe}
p|eadquarters 1 888665555 {Metro}

* Department relation not in INF
* How to take into INF ?

E
el

Normalization (contd.)

Solution 1: Create a separate DLOCATION relation with foreign
key.

Solution 2: If max number of locations is known, create a
column for each location (may have lots of null values).

Solution 3: Repeat the same info (redundancy + new key
attribute).

Normalization (contd)

Solution 1:
DEPARTMENT
DNAME DNUMBER DMGRSSN DLOCATIONS
Research 5 333445555 Mathara
Research 5 333445555 Kandy
Research 5 333445555 Metro
Administration 4 987654321 Malabe
Headquarters 1 888665555 Metro

1NF relation with redundancy

* Expand the key so that there will be a separate tuple in the
original DEPARTMENT relation for each location of the
DEPARTMENT.

* This solution has the disadvantage of introducing redundancy in
the relation.
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Normalization (contd.)

Solution 2:

DEPARTMENT

DNAME DNUMBER |DMGRSSN DLOC1 DLOC2 |DLOC3
Research 5 333445555 | Mathara | Kandy | Metro
Administration 4 987654321 | Malabe Null Null
Headquarters 1 888665555 Metro Null Null

Need to know max number of locations.
» create a column for each location.
* may have lots of null values.

SN,
Nor

-
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(contd.)

alizati
Solution 3:

* Remove the attribute
DLOCTION and placeitin a

DEPT_LOCATIONS separate relation

DNUMBER DLOCATIONS )
DEPT_LOCTIONS along with
1 m::;e the primary key DNUMBER of
5 ST — DEPARTMENT.
5 Kandy * The PK is the combination
5 Metro {DNUMBER, DLOCTION}
* This decompose the non-INF
relation into two INF relation.
DEPARTMENT
DNAME DNUMBER DMGRSSN
Research 5 333445555
Administration 4 987654321

Headquarters 1 888665555

Normalization (contd.)

* A functional dependency, X 2 Y is a full functional dependency if removal of any
attribute A from X means that the dependency does not hold

(i.e. (X—{A}) 2 Y does not hold )

TEACH

STUDENT COURSE TEACHER CAMPUS
Narayan Database ABC Metro
Smith Database XYz Malabe
Nalin Operating Systems Samantha Metro
Kamal Operating Systems ABC Malabe
Janith Database ABC Metro
Ranil Operating Systems Samantha Metro
Saman Operating Systems ABC Malabe
Ruwan Database XYz Malabe

{Teacher, Campus} = Course

Normalization (contd.)

2"d Normal Form:

* Arelation R is in second normal form (2NF) if every nonprime
attribute A in R is not partially dependent on any key of R.

Example: Not in 2NF

/ J ! l
TEACHER CAMPUS COURSE ADDRESS
ABC Metro Database BoC Merchant Tower
XYz Malabe Database Malabe Campus
Samantha Metro Operating Systems BoC Merchant Tower
ABC Malabe Operating Systems Malabe Campus

T
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Normalization (contd.)

* Lossless join decomposition:

— Decomposition of Rinto X and Y is /ossless-join w.r.t. a set
of FDs F if, for every instance r that satisfies F:

« IL(r) X IL,(r) =r

This condition holds if attributes common to
X and Y contains a key for either X or Y

Removing partial dependency

* Place the attributes that create the partial
dependency in a separate table.

* Make sure that the new table's primary key is
left in the original table.

TEACHER CAMPUS ADDRESS

ABC Metro Database BoC Merchant Tower
XYz Malabe Database Malabe Campus
Samantha Metro Operating Systems BoC Merchant Tower
ABC Malabe Operating Systems Malabe Campus

T

Normalization (contd.)

Example: After normalized into 2NF

TEACHER CAMPUS COURSE
ABC Metro Database
XYz Malabe Database
Samantha Metro Operating Systems
ABC Malabe Operating Systems

CAMPUS ADDRESS
Metro BoC Merchant Tower
Malabe Malabe Campus




Another Example

e\ e =R ATEL
\ § 7= .
e 8 ’?gﬁ% & DOTIETS

EMP_PRO)

SSN |PNUM HOURS |ENAME |PNAME LOC
FDI| | ]

FD2|

FD3 | I |

Normalization (contd.)

3rd Normal Form:

* Arelation Ris in 3 hormal
form (3NF) if every

— Risin 2NF, and

— No nonprime attribute is
transitively dependent on any
key.

Normalization (contd.)

EP1ISSN |PNUM [HOURS
| | f
EP2ISSN  |ENAME
I
EP3|PNUM |PNAME |PLOC

i

i

Transitive dependency

Attribute is dependent on another attribute that is
not part of the primary key.

Requires the decomposition of the table
containing the transitive dependency.

EMP_DEPT

ENAME

SSN

BDATE

ADD

DNUM

DNAME

DMGR

T

T

T

T

!




Removing transitive dependency

Original table
INV_DATE [INV_AMOUNT| CUS_NUM | CUS_ADDRESS | CUS_PHONE

Transitive Dependencies

* Place the attributes that create the transitive
dependency in a separate table.

* Make sure that the new table's primary key
attribute is the foreign key in the original
table.

ENAME |SSN [BDATE |ADD [DNUM [DNAME |DMGR
T | T T T Original table
| i I h [ | | | |
| [ |
D N U M D NAM E D M G R Transitive Dependencies
L — 1 f h ! | l
ENAME |SSN |BDATE |ADD |DNUM l m
T | T T 1 ﬁCUS_ADDRESS CUS_PHONE B



i

Normalization (contd.)

PROPERTY |COUNTY |LOT# |AREA |PRICE |TAX_

ID _NAME RATE
FDI | T T 1
FD2 | | | ] 1
FD3 | X
FD4 L

Keys: PropertylID, (County_Name, Lot#)

Normalization (contd.)

* 1NF, 2NF & 3NF guarantee to preserve lossless
join property.

&
el

Dependency diagram

4 (6

Identify the dependencies shown in the above diagram

C1->C2 partial dependency
C4 ->C5 transitive dependency
C1,C3 ->C2,C4,C5

functional dependency

in 2NF, showing the dependency diagrams
for each table.

Table 1

Primary key: C1
Q Foreign key:  None
Normal form: 3NF

Table 2
E C4 5 Primary key: C1+C3
Foreign key: C1 (to Table 1)

Normal form: 2NF, because the
table exhibits the transitive
dependencies C4 =—> C5




0
o

ol \ v
9 e

Create a database whose tables are at least in
2ANIF

)
)

Table 1

Primary key: C1
Foreign key: None
Normal form: 3NF

Table 2

v Primary key: C1 + C3

C4 Foreign key: C1 (to Table 1)
C4 (to Table 3)

Normal form: 3NF

Table 3

Primary key: C4
Foreign key: None
Normal form: 3NF

Normalization

* Normalization complete ©

* Any questions ???

Normalization (contd.)
* Denormalization...

Sometime for performance
reasons, database designer may
leave the relation in a lower
normal form. This process is
known as denormalization.

Normalization Flow

UNF

Remove repeating groups

INF

Remove partial dependencies

2NF

Remove transitive dependencies

3NF

|

More normalized forms




Student Results Table

Course |Course |Student |Student |Date of | Tutor Tutor Grade | Result

Code Title Code Name Birth Code Name

SYA Systems | A2345 Smith 20/08/69 | 1746 Jones A Dist.

Analysis | A7423 Barker | 03/04/59 | 1746 Jones C Pass

B3472 Green 23/02/70 | 1330 Jarvis D Pass
A3472 Harris 17/07/69 | 1746 Jones F Fail
B9843 Green 10/11/68 | 1330 Jarvis B Merit

COB COBOL | A7423 Barker | 03/04/69 | 1520 Hooper |E Fail
A4217 Morris 17/01/68 | 1520 Hooper |B Merit
B8238 Carter 09/12/69 | 1520 Hooper |C Pass

PAS Pascal A4217 Morris 17/01/68 | 1520 Hooper |A Dist.
B9843 Green 10/11/68 | 1283 Trotter B Merit
A3393 White 30/09/69 | 1283 Trotter E Fail
A4247 Cross 25/12/69 | 1520 Hooper |C Pass

bel

Questions?
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Database Management Systems
SQL

Creating Tables

__SQL Components: DDL, =1

DCL, & DML

SQL is a very large and powerful language, but

very type of SQL statement falls within one of

hree main categories (or sub-languages):

— Data Definition Language (DDL) for creating a DB
e.g. CREATE, DROP, ALTER

— Data Control Language (DCL) for administering a DB
e.g. GRANT, DENY, USE

— Data Manipulation Language (DML) to access a DB
e.g. SELECT, INSERT, UPDATE, DELETE

_In this lecture you will
learn

The basic concepts and principles of SQL

The different components of SQL

fHow to use SQL (DDL) to perform basic create operations
— Create

— Insert

— Modify

— Delete data

jHow to use SQL(DML) to perform basic database queries

—

Relational Tables Can Answer L,l
Many Queries

Student Enrolment Course

Sid Name Sid | Cid | Date Cid | Name
S0123 | Smith | |[S0123C92 | 1/10 C77 | Java
S1192 | Jones | |S3359|C92 | 17/10] | C92 | pup
$3359 | Brown | |S1192|D221 28109 | o7 |pBMS

$0123 (D07 | 110 | | om
50123 |77 | 110 | D22 LEH
S1192 |77 | 03/10

How many courses are there & what are their names?
\Which students are enrolled for Java?
How many students take 3 or more courses?




__SQL - Structured Query = |
Language |
SQL was developed at IBM around 1975...
Structured programming?

No! - Structured English (from ‘SEQUEL’)

(for Structured English QUEry Language)
SQL is a declarative language - says what not how

SQL is an abstract & portable interface to RDMBs

Warning: different vendors have dialects & extensions

- SQL Syntax

SQL uses English keywords & user-defined names

CREATE TABLE Staff (
StaffNo INTEGER,
Salary FLOAT,
Lname CHAR(20)

);
INSERT INTO Staff VALUES (32, 25000.0, 'Smith');

IBy convention, keywords are upper-case

Text data is enclosed uising single quotes (' ‘)
Round brackets (‘(‘)/are used to group related items
Commas (‘,’) separate items in a list

Statements are terminated with a semicolon (/)

= |

S(

Structured Query

=1
Language (contd.) '
DL is a comprehensive database language:

— Data Definition Language (DDL)

— Data Manipulation Language (DML)

— Facilities for security & authorization
— Facilities for transaction processing

— Facilities for embedding SQL in general purpose languages
(Embedded SQL)

~— SQL Terminology

SQL does not use formal relational terminology

Formal Informal (SQL)
Relation Table

Tuple Row

Attribute Column
Cardinality No. of rows
Degree No. of columns

Relationships
Constraints

Foreign keys
Assertions

—t




Structured Query = | Structured Query = |

7 7 Language (contd.) 0 " Language (contd.)
Example...

* [Creating tables...
CREATE TABLE Student (

B ) name CHAR(20),
Ttatt)les catn be created using CREATE TABLE T CHAR(25),
Sl lEn age INTEGER,

— There are different data types available in SQL2 gpa REAL

Structured Query =} Structured Query =]

= Language (contd.) - - Language (contd.)
* |Primary Key constraint
4 Integer (INT, INTEGER & SMALLINT) — PRIMARY KEY
4 Real numbers (FLOAT, REAL, DOUBLE)
CREATE TABLE Student (
{ Formatted numbers DECIMAL(i,j) or DEC(i.j) or NUMERIC(i,)) stdid CHAR (10) PRIMARY KEY
name CHAR(20),
. address CHAR(25),
Char.acter strings age INTEGER,
— Fixed length: CHAR(n) or CHARACTER(n) gpa REAL
— Variable length: VARCHAR(n) );

4 Date and Time: DATE and TIME data types are supported in
SQL2




B _ Structured Query
{ Language (contd.)

lAlternative:
CREATE TABLE Student (
stdid CHAR (10)
name CHAR(20),
address CHAR(25),
age INTEGER,
gpa REAL,

PRIMARY KEY  (stid)

Structured Query
Language (contd.)

IReferential Integrity Constraints

— FOREIGN KEY......... REFERENCES

+ Student (stdld,‘rﬂne ,address , age , gpa)
» Grade( subjectld, stdld , grade)

CREATE TABLE Grade
(

subjectid CHAR(4),
stdld CHAR(10),
grade CHAR(2),

PRIMARY KEY(subjectld, stdld),
FOREIGN KEY(stdld) REFERENCES Student

B _ Structured Query
{ Language (contd.)

IOther candidate keys...

— UNIQUE
CREATE TABLE Student (
Stdid CHAR (10) PRIMARY KEY
Name CHAR(20),
Address CHAR(25),
Age INTEGER,
Gpa REAL,
NIC CHAR(10) UNIQUE);

Structured Query

il Language (contd.)

* Alternative
— FOREIGN KEY

CREATE TABLE Grade (

subjectid CHAR(4),
stdid CHAR(10)
grade CHAR(2),

PRIMARY KEY(subjectld,stdid)
);

REFERENCES Student(stdld),




Structured Query = Structured Query =1

| Language (contd.) - Language (contd.)
* ISpecifying default values...
» fAlternative: — DEFAULT

CREATE TABLE Grade (
subjectld CHAR(4),

stdld CHAR(10) , CREATE TABLE Student (
grade CHAR(2), Name CHAR(20),
PRIMARY KEY (subjectld,stdid), Address CHAR(25)  DEFAULT ‘Malabe’,
CONSTRAINT fk_Grade FOREIGN KEY(stdid) Age INTEGER,

REFERENCES Student(stdld) Gpa REAL

); );

Structured Query =] Structured Query Language =

| Language (contd.) (contd.)
» ISpecifying NOT NULL constraints... * [Specifying valid values...
— NOT NULL — CHECK constraints

CREATE TABLE Student ( CREATE TABLE Emp (

Name CHAR(20) NOT NULL,
Address CHAR(25), o
A INTEGER, age.INT CHECK (age BETWEEN 0 AND 120),

Gpa REAL o)

);




Bl _ Structured Query
1 Language (contd.)

IReferential Triggered Action:

— Actions
« SET NULL
« CASCADE
« SET DEFAULT

— Operations
« ON UPDATE
« ON DELETE

Structured Query = |

I'7 7 Language (contd.)

The use of a constraint name allows identification
f a constraint which can be dropped later (using
he ALTER TABLE command)

Structured Query
Language (contd.)

CREATE TABLE Employee (
NIC VARCHAR(10) PRIMARY KEY,
name VARCHAR(50) UNIQUE NOT NULL,
address VARCHAR(25) DEFAULT ‘Colombo’,
works_in INTEGER,
CONSTRAINT fk_EmpDept FOREIGN KEY (works_in)
REFERENCES Dept ON DELETE CASCADE

ON UPDATE NO ACTION

);

Structured Query =

I'7 7 Language (contd.)

* |Dropping tables

DROP TABLE Employee [RESTRICT|CASCADE]

— RESTRICT drops if no other constraints (such as foreign keys
or views exist)

— CASCADE drops all constraints & views that reference it

* SQL Server 2000 has only RESTRICT option which is the
default




Structured Query = |

Altering tables...

— ALTER TABLE can be used to add or drop a column,
change a column definition, and adding or dropping table
constraints

fFor example...

ALTER TABLE Employee ADD Job VARCHAR(12)

he new column has null values. Hence, NOT NULL cannot
be used here

Language (contd.) -

%
>

Structured Query = |
Language (contd.) ‘

e can modify data using the following three commands: INSERT,
DELETE and UPDATE

[INSERT statement:
— Inserting a single row

INSERT INTO Dept VALUES (1, 'Sales', 'BoC Merchant Tower")

*The order of values must be the same as in the CREATE TABLE

tatement

Structured Query =1

[Dropping a column...
ALTER TABLE Employee DROP COLUMN Job

IChanging column definition...

ALTER TABLE Employee ALTER COLUMN job vachar(50)

[Dropping a constraint

ALTER TABLE Employee DROP fk_EmpDept

Language (contd.) -

%
>

Structured Query

=
Language (contd.) ‘

—Inserting to user-specified columns

INSERT INTO Employee (NIC, name, works_in)
VALUES ('781111111V', 'Ajith Perera’, 1)

* Only the columns are specified are filled with values.
Unspecified columns are filled with NULL if there is no default
values.




Structured Query
Language (contd.)

)
: _\I

lInserting multiple rows...

IINSERT INTO Employees
<Select statement>*

*we’ll learn the select statement in detail later

= |

Structured Query

=]
Language (contd.) ‘

)
: _\I

UPDATE <table>
SET <column> = <expression>
WHERE <selection condition>

Structured Query
Language (contd.)

IDeleting tuples from tables...
— Deleting all records

DELETE FROM Dept

— Deleting only specified records
DELETE FROM <table>
WHERE <selection-condition>

DELETE FROM Dept WHERE dno = 2

— Completely removing a table is a DDL operation

DROP TABLE Staff

—

Structured Query
Language (contd.)

* |Updating all tuples

UPDATE Employee SET works_in =1

» |Updating selected tuples
UPDATE Employee

SET works_in = 2

WHERE NIC = 781111111V’




= |

- Exercises... - Summary

 ISQL is the standard query language for RDBMS
Consider the following schema:

Student(StudentNo:Integer; name:varchar(50),

major:char(4); GPA-float) * [Three main categories of SQL

— DDL, Data Definition Language
Write SQL statements to perform the following — DCL, Data Control Language

1. Create the above table — DML, Data Manipulation Language
2. Insert the following information:

* |ICREATE belongs to DDL

StudentNo Name Major | GPA
1 Sampath EE B
2 Nishani CSE 3.4

~ Exercises... (contd.)

3.] Update Sampath’s GPA to 3.7.
4.1 Delete student table

5.] Add a column address (i.e. address: varchar(50) ) to the
Student table.

6.] Change the data type of address column into varchar(100).

7.] Add a checking rule to GPA column, GPA values should
between 0 and 4.

8.] Remove the check constraint added to the GPA column.
9.] Create table Major(majorld , description).
13. Change student table to reflect Primary Key.




Simple Queries Using [ )
SELECT =
*The SELECT statement retrieves & formats data.
Database Management Systems
*SELECT is the most frequently used SQL statement.
SELECT * FROM Staff;
SeleCT Statements StaffNo | Fname | Lhame | Position | Salary
731 Mark Jones | Manager | 20000
322 Andrew | Smith | Assistant | 15000
261 Julie Walters | Director | 40000
In this lecture you will Structured Query b_,{?

learn

How to use SQL (DML) to perform basic database queries.
How to sort and group query results.

How to calculate aggregates and other derive data.

The role of NULL values in databases.

How to compose and use nested SELECT queries.

Language

« SELECT clause in

SELECT
FROM
[WHERE
[GROUP BY
[HAVING
[ORDER BY

<attribute-list>
<table-list>
<condition>]

<group attribute(s)>]
<group condition>]
<attribute list>];




Simple Queries Using
SELECT =

SELECT * FROM Staff

* _ Acts as a ‘wild card’ - all columns.
By default, SELECT outputs all the rows in the table.

*Use “SELECT DISTINCT target_list FROM Staff;” for avoiding
duplicates.

Select

o

 Basic SELECT clause...

SELECT <attribute-list>
FROM <table-list>
WHERE <condition>

— <attribute-list> is a list of column names.
— <table-list> is a list of tables which the query accesses.

— <condition> is the condition that the output rows must
satisfy

<Condition> ( <, >, = # <=, >= )
combined using AND, OR and NOT.

Use of DISTINCT =1
) Viewing
« List the property
numbers of all CR56 PA14 24-May-01 | t I
. -May- 00 sma
proper’gles that have CR56 PG36 28-Apr-01
been viewed.
CR56 PG4 26-May-01
- Query1: CR62 PA14 14-May-01 | no dining room
SELECT propertyNo CR76 PG4 20-Apr-01 | too remote
FROM Viewing;
Query1
— Query2: propertyNo Query2
SELEC;,TNDISTINCT o propertyNo
ropertyNo
property PG36 PA14

FROM Viewing;

PG4
PA14
PG4

PG36
PG4

Your Turn!

« Student (sid, name, address, dob, date of admission, GPA).

» List all students.




Selecting Specific
Columns

*Specific columns can be output by giving their
names:

o™

SELECT Lname, Position, Salary FROM Staff;

Lname | Position | Salary
Jones | Manager | 20000
Smith | Assistant | 15000
Walters | Director | 40000

*NB. must have a comma (‘,’) between column names.

Selecting Specific Rows &
Columns

*Specific rows can be selected with a WHERE clause:

o™

SELECT Lname, Position, Salary
FROM Staff
WHERE Salary > 20000;

Lname  Position | Salary

40000

Walters Director

—The symbol >’ (greater than) is a comparison operator.
— Other comparison operators: <; =; <=; >=; | =; <>,

— The condition ‘Salary > 20000’ is called a predicate.

— For each row, if predicate is true, row is output.

Your Turn!

o List

student id, name and GPA.

Your Turn! ="

» Student (sid, name, address, dob, date of admission, GPA)

* List studentid, name and address of all students who
have a GPA of 3.5 or more.




Structured Query Language
(contd.) ane

* IS NULL

In SQL, NULLs are considered to be distinct from
every other null.

=,

Structured Query Language

(contd.)
* IS NOT NULL...

“List the employees who have managers”

SELECT name
FROM Emp
WHERE manager IS NOT NULL

~—

=,

R—

Structured Query Language
(contd.) ane

« Example...

« Emp (eid, name, address, datedoined , manager)
“List the employees who does not have a manager”

SELECT name
FROM Emp
WHERE manager IS NULL

=,

Building Up Complex
Predicates

* Predicates evaluate to either true or false.

* Predicates can be combined using AND, OR, and NOT.
» Use brackets to avoid ambiguity.

* The next two statements are different:

SELECT * FROM Staff WHERE
(Position = 'Manager') OR
(Position = 'Assistant' AND Salary > 10000);

SELECT * FROM Staff WHERE
(Position = 'Manager' OR Position = 'Assistant’)
AND NOT (Salary <= 10000);

e |In each case, whole WHERE clause is true or false.

~—

R

=)




Your Turn!

» Student (sid, name, address, dob, date of admission, GPA)

 List studentid, name and address of all students who
have a GPA of 3.5 or more and admitted in 2008 .

Structured Query Language
(contd.)

« Example...

“List the company name’s starting with A”.

SELECT CompanyName
FROM  Customers

WHERE CompanyName LIKE ‘A%’

=)

e

=
Other Types of Predicate {Fiﬁ

Other predicates include BETWEEN, IN, and LIKE.
But they still evaluate to either true or false.

SELECT * FROM Staff

WHERE
(Salary BETWEEN 10000 AND 20000) AND
(Position IN ('"Manager’, 'Assistant')) AND
(Lname LIKE 'S%' OR Lname LIKE'W____");

'%' matches zero or more characters.
' "matches exactly one character.

Structured Query Language

=

N

(contd.)
Exampile...
SELECT CompanyName
FROM Customers
WHERE CompanyName LIKE ‘Londo_’




Your Turn!

» “List the student names starting with Hetti".

B

DOB Salary BranchNo

Sort - ORDER BY

Staff

* Produce a list of salaries| stafiNo | Fname | Lname | Position
for all staff, arranged in  [sag | May | Howe

Se
x

Assistant | F 19-Feb-70 [ 9000 | BOO7

descending order of SG14 | David | Ford | Superviso | M | 24-Mar-58 [ 18000 | B003
r
salary. :
SG37 Ann Beech | Assistant | F 11-Oct-60 | 12000 | BOO3
SG5 Susan | Brand | Manager | F 03-Jun-40 [ 24000 | BOO3
° Query1 : SL21 John White | Manager | M | 01-Oct-45 | 30000 | BOO5
SL41 Julie Lee Assistant | F 13-Jun-65 | 90000 | BOO5
SELECT staffNo, fName,
IName, salary
FROM Staff Query1
uery2
ORDER BY salary DESC; Q ry
staffNo | fName | IName | salary staffNo | fName | IName | salary
SL41 Julie Lee 90000 SA9 Mary Howe 9000
° Q ue ry2 SL21 John White | 30000 SG37 Ann Beech | 12000
SG5 Susan | Brand 24000 SG14 David Ford 18000
SELECT staffNo, fName, o oo Tros o000 — S‘"‘“‘ B°' ——
IName, salary SG37 | Ann Beech | 12000 - ra»n
FROM Staff sL21 John | White | 30000
ORDER BY 4 ASC; SA9 Mary | Howe 9000 SL41 Julie Lee 90000

More Control Over
SELECT —

* What have we achieved so far using SELECT?
— Retrieve data from all the rows and columns (whole table)
— Retrieve data from all the rows and select columns
— Retrieve data from select rows and columns

+ Sometimes we want to re-format the output from SELECT:
E.g. for reports...

+ Examples of additional processing:
Eliminate duplicates

Sort and/or group the results
Rename column headings
Calculate totals, averages, etc. (often called aggregates)
Combine results from different tables

=

Your Turn!

» Student (sid, name, address, dob, date of admission, GPA)

* List studentid, name and address of all students who
have a GPA of 3.5 or more and admitted in 2008 in
descending order of GPA.




= =
Calculated Fields {:5” SQL Aggregate Functions#}s

* Produce a list of monthly Staff
Salaries for a" Staff’ Sl name name osition ex alal ranchNo H H
showing the staff number, |o || e [Feten [Ser| P98 | Seay | Brene « We do not want to just retrieve data.
the fi I'St and Iast names SA9 Mary Howe Assistant F 19-Feb-70 9000 | BOO7 .
. ’ SG14 | David [ Ford | Supervisor | M | 24-Mar-58 | 18000 | B003 ° We aISO Want tO summarise data_
and the Salary detalls' SG37 Ann Beech | Assistant F 11-Oct-60 | 12000 | BOO3 . . .
SG5 Susan | Brand Manager F 03-Jun-40 | 24000 | B0O3 ° Agg regate fu nCtIOnS Com pute Summarlzatlon (Or
° SL21 John White Manager M 01-Oct-45 | 30000 | BOOS H
Query1 SL41 Julie Lee Assistant P 13-Jun-65 | 90000 | BOO5 aggregatlon) Of data
SELECT staffNo, fName, Query1 » Aggregate functions
IName, salary/12 | staffNo | fName | IName | Expr1003 |
FROM Staff: SA9 Mary Howe 750 - SUM
’ SG14  David Ford 1500 — AVG
SG37 Ann Beech 1000
SG5 Susan  Brand 2000 - MIN
SL21  John  White 2500 — MAX
SL41 Julie Lee 7500 _ COU NT

=
Renaming Columns SUM, MIN, MAX, AVG [;;L,?

« When new fields are Staff ¢ Find the minimum, Staff
calculated we can name StaffNo | Fname | Lname | Position | Sex | DOB Salary | BranchNo maX|mum, avel’age
them using ‘AS’. SA9 | Mary | Howe |Assistant | F | 19-Feb-70 [ 9000 | BoO7 and sum of staff :::’m :::;"e :::":e :::'s‘:; :ex ':::en — s:‘:;z :);;whm
SG14 David Ford Supervisor | M 24-Mar-58 | 18000 [ B0O3 e
SG37 Ann Beech | Assistant E 11-0ct-60 | 12000 | BOO3 Salary SG14 David Ford Supervisor | M 24-Mar-58 | 18000 | B0OO3
SG5 Gie=n || Bl Manager E 03-Jun-40 | 24000 | B0O3 SG37 Ann Beech | Assistant (¥ 11-Oct-60 | 12000 [ B0OO3
sL21 I White Manager M 01-Oct-45 | 30000 | BOOS SG5 Susan | Brand Manager (¥ 03-Jun-40 | 24000 | B0O3
SL41 | Julie | Lee Assistant | F | 13-Jun-65 | 90000 | B0O5 S || deim || Whtie || Wenerer || W || OiHGEEL || SO || EveD
° Query1 SL41 Julie Lee Assistant F 13-Jun-65 | 90000 | BOOS
* Query1: Query1
| staffNo | fName | IName | monthlySalary SELECT Query1
SA9 Mary Howe 750 . =
SELECT staffNo, fName, IName, S P 1500 MiN(salary) AS myMin, [ mymin | mymax | myavg | mysum |
salary/12 AS montthSaIary prv— Bosch 1000 MAX(saIary) AS myMax, 9000 90000 30500 183000
FROM Staff; SG5 Susan  Brand 2000 AVG(sa|ary) AS myAvg,
SL21 John White 2500 SUM(SaIary) As mysum
SL41 Julie Lee 7500 FROM Staff-
’




=)
F Your Turn! f;:i’?

« Student (sid, name, address, dob, date of admission,
GPA)

« Calculate the maximum, minimum and the average
GPA.

F_Structured Query Language

B

(contd.)
Purchase
Product | Date Price Quantity
Apple 10/21 35 15
Banana 10/22 10.50 7
Apple 10/20 40 20
Banana 10/19 11 17

F Structured Query Language {::g
i (contd.) —

Purchase (product, date, price, quantity)

Example : find total sales for the entire database

SELECT SUM(price * quantity)
FROM  Purchase

Example : find total sales of ‘Banana’

SELECT SUM(price * quantity)
FROM  Purchase
WHERE product = ‘Banana’

Your Turn!

+ Student (sid, name, address, dob, date of admission, GPA)

* Find the minimum, maximum and average of GPA.




*
COUNT(*) —"
Counts the number of Staff
rows in a table. [[stafo [ Frame [ Lname [ position [sex| | salary [ Branchio |
. SA9 Mary Howe Assistant F 19-Feb-70 9000 | B0OO7
- | nCl Udlng the rows that SG14 David Ford Supervisor | M 24-Mar-58 | 18000 | B003
have du p licates and SG37 | Amn [ Beech | Assistant | F | 11-Oct60 | 12000 | B003
nulls. SG5 Susan | Brand | Manager | F 03-Jun-40 | 24000 | B0O3
SL21 | John | White | Manager | M | 01-Oct-45 | 30000 | BoO5
SL41 | Julie | Lee Assistant | F | 13-Jun-65 | 90000 | B0O5

SELECT  Count(*) as WomenStaff | 2uery?
FROM Staff WomenStaff
WHERE  Sex=F' :

SELECT list (target list)
cannot refer to any other
column.

SQL

* DISTINCT = Find the distinct values...

« Example...
“List the different salary values of employees”

SELECT DISTINCT Salary
FROM EMP

Your Turn!

« Student (sid, name, address, dob, date of admission, GPA)

e Count the number of students.

SQL

* COUNT(DISTINCT ...) — Count the distinct values

“Count the different salary grades in the company”

SELECT COUNT(DISTINCT salary)
FROM  EMP




« COUNT applies to duplicates, unless otherwise stated:
SELECT COUNT (category)
FROM Product
WHERE year>1995

» Better:
SELECT COUNT (DISTINCT category)
FROM Product
WHERE year>1995

GROUP BY

» Aggregate functions help us to summarise the whole
column(s) of data into one row.

+ Sometimes we want to group data before applying
aggregate functions.

— This gives us ‘subtotals’ rather than ‘overall total’.
- GROUP BY is used to achieve that. !
* Produce one tuple for every group by applying ?
aggregation.

Your Turn!

« Student (sid, name, address, dob, date of admission, GPA)

e Count the number of students with
— GPA >=35

Structured Query Language
(contd.) a—

« Compute the FROM and WHERE clauses.

» Group By the attributes in the GROUP BY.

» Produce one tuple for every group by applying aggregation.




Structured Query Language

=)

(contd.) -
SELECT S
FROM R1,...,Rn
WHERE C1
GROUP BY a1,...,ak
HAVING C2

S = may contain attributes a1,...,ak and/or any aggregates but NO
OTHER ATTRIBUTES

C1 = is any condition on the attributes in R1,...,Rn

C2 = is any condition on aggregate expressions

GROUP BY - Example {:_14’?

Staff
Find the number of staff
. . StaffNo | Fname | Lname | Position Sex | DOB Salary | BranchNo
WO rkl n g In ea Ch b ran Ch SA9 Mary Howe Assistant F 19-Feb-70 9000 | B0OO7
and the sum of their SG14 | David | Ford | Supervisor | M | 24-Mar-58 | 18000 | B003
sa I a rl es. SG37 Ann Beech | Assistant F 11-Oct-60 | 12000 | BOO3
SG5 Susan Brand Manager F 03-Jun-40 | 24000 | B0OO3
SL21 John White Manager M 01-Oct-45 | 30000 | B0OO5
SL41 Julie Lee Assistant F 13-Jun-65 | 90000 | BOOS
Query1:
Query1
SELECT branchNO, 4 | branchNo | myCount | mySum |
B003 3 54000

Count(staffNo) AS myCount,
SUM(salary) AS mySum

FROM Staff

GROUP BY branchNo;

B005 2 120000
B007 1 9000

Attributes in group by column

2.
3.

Structured Query Language

=

(contd.)
SELECT S
FROM R1,...,Rn
WHERE C1
GROUP BY at,...,ak
HAVING C2

Evaluation steps:
1.

Compute the FROM-WHERE part, obtain a table with all
attributes in R1,...,Rn

Group by the attributes a1,...,ak

Compute the aggregates in C2 and keep only groups
satisfying C2

Compute aggregates in S and return the result

« Find the student intake for each year.




HAVING

° .
Query1: Staff
StaffNo | Fname | Lname | Position Sex | DOB Salary | BranchNo
SA9 Mary Howe Assistant F 19-Feb-70 9000 | BOO7
SELECT branChNO, SG14 David Ford Supervisor | M 24-Mar-58 | 18000 | B003
SG37 Ann Beech | Assistant B 11-Oct-60 | 12000 [ BOO3
cou nt(StaffN o) AS mycou nt’ SG5 Susan Brand Manager F 03-Jun-40 | 24000 | B0O3
SUM(saIary) As mysum SL21 John White Manager M 01-Oct-45 | 30000 | B0O05
FROM Staff SL41 Julie Lee Assistant F 13-Jun-65 | 90000 | BOOS

GROUP BY branchNo
HAVING COUNT(staffNo)>1;

Query1

I branchNo | myCount | mySum |

B003 3 54000
B005 2 120000

Structured Query Language H’?
(contd.) —

* Find all authors who have a vocabulary over 10000
words:

SELECT a.name

FROM Author a, Wrote w, Mentions m
WHERE a.login=w.login AND w.url=m.url
GROUP BY a.name

HAVING COUNT/(DISTINCT m.word)>10000

Structured Query Language

=
(contd.) '{‘::1/?

Author (login ,name)
Document (url , title)
Wrote (login ,url)

Mentions (url ,word)

* Find all authors who wrote at least 10 documents

SELECT a.name
FROM Author a, Wrote w
WHERE a.login=w.login

GROUP BY a.login, a.name
HAVING  count(w.url) >= 10

=)

« Student (sid, name, address, dob, date of admission, GPA)

Your Turn!

» Find student intake for each year.

« List the student intake for every year, where there have
been an intake of less than 800.




Why Do DB Systems Allow
NULLs ? =

A NULL value can be used to represent several situations:
— Don't care; Don't know; Don't know yet; Used to know!
— SQL has special rules and logic to handle NULLSs:

— SELECT * FROM Staff WHERE Fname IS NULL;

« Can also say: WHERE Colname IS NOT NULL.
— NULLs can be useful, difficult, or dangerous.

* Use NULLs wisely!

Set Operations in SQL &»
+ Syntax:
(SELECT ...) UNION (SELECT ..))
(SELECT ...) INTERSECT  (SELECT ...)
(SELECT ...) EXCEPT (SELECT ...)

e Some DBMSs use MINUS instead of EXCEPT.

» For set operations, the tables must be union-
compatible

— i.e. have the same number and types of columns.

Combining Results
Tables

« Sometimes its useful to be able to combine query results
using set operations:

RNS R-S

¢

(c) Difference

g
S{{

(a) Union

(b) Intersection

EXCEPT

UNION INTERSECT

Set Operation Example &~

« List the cities with both a branch office & a property for
rent:

(SELECT City FROM Branch)
INTERSECT
(SELECT City FROM PropertyForRent);

Branch PropertyForRent
Result
BrNo | City PropNo | City -
City
B003 | Glasgow PA14 Aberdeen | — =~
VT ondon
BO04 | Bristol,{ | PLO4 [ London |
T s Glasgow
B002 \| London PG4 Glasgow

Cities with branch office OR a property for rent: UNION
Cities with branch office but NO props for rent: EXCEPT




Set Operation Example

« List the cities with both a branch office OR property for
rent:

(SELECT City FROM Branch)
UNION
(SELECT City FROM PropertyForRent);

Branch PropertyForRent Result
BrNo | City PropNo | City Glasgow
B003 | Glasgow PA14 Aberdeen | — Bristol

London
B004 | Bristol PLO4 London Aberdeen
B002 | London PG4 Glasgow

EXxercises... - g

Employee(eid, name, salary, dept, address)
Dept(deptNo,dname, building, mgr)

 Print all employee names.

* Print names of employees working for ‘Administration’ (i.e.
dname) department.

* Print names of employees working for ‘Administration’ (i.e.
dname) department and getting a salary > Rs. 50,000.

Set Operation Example

« List the cities with both a branch office but no property
for rent:

(SELECT City FROM Branch
EXCEPT
(SELECT City FROM PropertyForRent);

Branch PropertyForRent Result
BrNo | City PropNo | City
Bristol
B003 | Glasgow PA14 Aberdeen | —
B004 | Bristol PLO4 London
B002 | London PG4 Glasgow

Exercises... (contd.) & 1»

R

* Print the employee’s name, his/her department and his/her
manager's name.

* Print names of employees who are managers. If an
employee is managing more than one department, print
his/her name only once.

* Print names of employees managing ‘Administration’ and
‘Sales’ department. If the same employee is managing both
departments, repeat his/her name twice.




Exercises... (contd.) & 1»

Print the names of employees whose names have a letter
‘A’ or ‘a’ in them.

Print names of employees whose address contains the
following string ‘*_olombo’ where _is any character.

Print names, deptNos, and salaries of employees, Order
firstly in ascending order by deptNos and then salary by
descending order .

Print the names of employees who are not working for any
department.

Print the names of employees who are working for some
department.

Exercises ="

—

« Count the number of employees working for department 5.
* Print the maximum and minimum salaries for department 5.

« Find the number of employees obtaining a salary greater
than the Average salary of all.

» Print the total number of hours worked by employees for
project 5.

Exercises

Count the number of employees working for department 5.
Print the maximum and minimum salaries for department 5.

Find the number of employees obtaining a salary greater
than the Average salary of all.

Print the total number of hours worked by employees for
project 5.

Summary So Far... ="

« SQL is a powerful but “quirky" query language.
* SQL is not like other programming languages (no variables)
* You can answer many kinds of question...




Database Management Systems

SQL-3

Querying Multiple Tables

™ i\ _'i/?
*How do we list all the properties that a given client has viewed?
*Could start with an example - e.g. client CR56 ...

PropertyForRent
PropertyNo | Street City Postcode | Type Rooms | Rent | OwnerNo | StaffNo | BranchNo
PA14 16 Holhead Aberdeen AB7 58U House 6 650 [ CO46 SA9 B007
PG16 5 Novar Dr Glasgow G12 9AX Flat 4 450 | C0O93 SG14 B003
PG21 18 Dale Rd Glasgow G12 House 5 600 | CO87 SG37 B003
PG36 2 Manor Rd Glasgow G32 4QX Flat 3 375 | CO93 SG37 B003
PG4 6 Lawrence St Glasgow G11 9QX Flat 3 350 | CO40 B003
PL94 6 Argyll St London NW2 Flat 4 400 | cos7 SL41 B005
Viewing
ClientNo PropertyNo ViewDate Comment
C I ie nt CR56 PA14 24-May-01 | too small
ClientNo Fname Lname TelNo PrefType MaxRent CRcS BC3t BT
CR56 Aline Stewart 0141-848-1825 Flat 350
CR62 Mary Tregear | 01224-196720 Flat 600 CRS56 PG4 26-May-01
CR74 Mike Ritchie 01475-392178 House 750
CR76 John Kay 0207-774-5632 Flat 425 CR62 PA14 14-May-01 | no dining room
CR76 PG4 20-Apr-01 | too remote

In this lecture you will -
"
learn tﬂ

The concept of joining tables

Why joins are central to relational database systems
How to specify joins in SQL

The different ways of joining tables

Using table aliases & full column names in queries

Property Query - First
Attempt

First attempt: List the property numbers viewed by client number
‘CR56

e ™

B

PropertyNo
SELECT PropertyNo P
FROM Viewing PG4
WHERE ClientNo = 'CR56"; PA14

But we'd like to see the client name & property details.

So we'll need to access Client and PropertyForRent for names
etfc...




Property Query - Second
Version

B

SELECT Viewing.PropertyNo, Street, City, ViewDate
FROM Viewing, PropertyForRent
WHERE ClientNo ='CR56’

AND Viewing.PropertyNo = PropertyForRent.PropertyNo;

PropertyNo | Street City ViewDate
PG36 2 Manor Rd Glasgow | 28-Apr-01
PG4 G Lawrence St | Glasgow | 26-May-01
PAlL4 16 Holhead Aberdeen | 24-May-01

*  We now have two table names in the FROM clause.
* Note use of “Table.ColumnName" to avoid ambiguity in column names.

Property Query - Fourth
Version

» Users shouldn't have to know about internal keys...

B

SELECT Fname, Lname, Street, City, ViewDate
FROM Viewing, PropertyForRent, Client
WHERE Fname = 'Aline' AND Lname = 'Stewart’

AND Viewing.PropertyNo = PropertyForRent.PropertyNo;
AND Viewing.ClientNo = Client.ClientNo;

Fname | Lname | Street City ViewDate
Aline Stewart | 2 Manor Rd Glasgow | 28-Apr-01
Aline Stewart | 6 Lawrence St | Glasgow | 26-May-01
Aline Stewart | 16 Holhead Aberdeen | 24-May-01

Property Query - Third [ X
Version S

SELECT Fname, Lname, Street, City, ViewDate
FROM Viewing, PropertyForRent, Client
WHERE Viewing.ClientNo = 'CR56'

AND Viewing.PropertyNo = PropertyForRent.PropertyNo
AND Viewing.ClientNo = Client.ClientNo;

Fname | Lname | Street City ViewDate
Aline Stewart | 2 Manor Rd dlasgow | 28-Apr-01
Aline Stewart | 6 Lawrence St | Glasgow | 26-May-01
Aline Stewart | 16 Holhead Aberdeen | 24-May-01

* The two “AND" clauses are called join criteria.

Structured Query -1
Language (contd.) i‘:}?

« Example... (JOINS)

“List all products and their suppliers who are based in
Tokyo”
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Structured Query
Language (contd.)

e

« Example... (multiple joins)

“For each order, list the CustomerlID and product names that
the order contains”

Structured Query
Language (contd.)

SELECT
FROM
WHERE

Products.ProductName, Suppliers.CompanyName
Products, Suppliers

(Products.SupplierlD = Suppliers.SupplierlD)
AND (Suppliers.City = “Tokyo’)

Structured Query
Language (contd.)

SELECT Orders.CustomerlD, Products.ProductName
FROM Orders, [Order Details], Products
WHERE (Orders.OrderlD = [Order Details].OrderID)

AND ([Order Details].ProductID =
Products.ProductID)




Structured Query -1
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Renaming & Aliasing...

Structured Query -1
Language (contd.) E;q

—_— —_—

* You can use aliases without AS keyword.

+ Sometimes the same attribute name appears in multiple tables of

the FROM clause. Then we need to qualify the table name. * Also, you can use it for convenience.
. Example + Example...
SELECT  O.CustomerlD AS CustomerName, SELECT E.name, M.name
P.ProductName AS PName FROM Emp E, Emp M
FROM Orders AS O, [Order Details] AS OD, Products P WHERE E.manager = M.ID

WHERE (O.OrderID = OD.OrderlD) AND
(OD.ProductID = P.ProductID)

Structured Query Language f:_—:g,?

Using Table Aliases (contd.)

Table aliases can help reduce amount of typing.

The following is identical to the previous query: Product (pname, price, category, manufacturer)

Purchase (buyer, seller, store, product)
Person(persname, phoneNumber, city)

SELECT C.Fname, C.Lname, P.Street, P.City, V.ViewDate
FROM Viewing V, PropertyForRent P, Client C
WHERE C.Fname ="Aline' AND C.Lname = 'Stewart'
AND V.PropertyNo = P.PropertyNo
AND V.ClientNo = C.ClientNo

Find names of people living in ‘Kurunegala’ that bought some product
in the ‘Gadgets’ category, and the names of the stores.

. ] ] ) SELECT DISTINCT persname, store
+ Table aliases help reduce the risk of typing mistakes. FROM Person, Purchase, Product
* But shouldn't the DBMS know how to match keys for us? WHERE persname=buyer AND product = pname AND

AND category=‘Gadgets’




Structured Query
Language (contd.)

* We can nest queries within queries
— Nested queries (subqueries)

* Nested queries...
— Inner query
— Outer query

* Operators
— IN, NOT IN
— <operator> ALL
— <operator> SOME | ANY
— where <operator> € { =, <, 2, #, <, >}

Structured Query {Zﬁl
Language (contd.) -

* Print names of employees working for ‘Administration’ (i.e.
dname) department and getting a salary > Rs. 50,000

SELECT e.name
FROM EMP
WHERE and
SELECT dno
FROM Dept
WHERE dname = ‘Administrative’)

***If subquery returns more, it's a run-time error.

Structured Query
Language (contd.)

» Let us consider the following schema:

ic,.name, sex, addr, salar )

ept (dno.dname,mgr)

Project(pnum, pname, plocation, dno)

orks_On (enic, pnum, hours)

ependent(enic, name, gender, bdate, relationship)

Structured Query Language {iﬁﬁ
(contd.) —

+ Example
Find nic and names of employees who work for both project
1 (i.e. pnum) and project 3.

SELECT e.nic, e.name
FROM Emp e, Works_On w
WHERE e.nic = w.enic AND
w.pnum = 3 AND
e.nic IN (
SELECT el.nic
FROM Emp e1, Works_On w1
WHERE e1.nic = wi.enic AND

w1.pnum = 1)




Structured Query Language
(contd.) -

« Example

— Find nic and names of employees who do not work for project
5 (i.e. pnum)

SELECT e.nic, e.name
FROM Emp e, Works_On w
WHERE e.nic = w.enic AND
e.nic NOT IN
(SELECT enic
FROM Works_On
WHERE pnum = 5)

=)

Structured Query
Language (contd.)

+ Example...

SELECT NAME

FROM EMP

WHERE SALARY > ALL
(SELECT SALARY
FROM EMP
WHERE DNO =5)

+ Example...

Structured Query
Language (contd.)

B

“List the employee’s name who get salaries more than all
employees of department 5”

Structured Query
Language (contd.)

+ Example...

“List the employee’s name who get salaries more than any
employee of department 5”

-~

=)
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Answer 1:

NAME

EMP

SALARY > ANY
(SELECT SALARY
FROM EMP
WHERE DNO = 5)

SELECT
FROM
WHERE

Answer 2:

NAME

EMP

SALARY > SOME
(SELECT SALARY
FROM EMP
WHERE DNO = 5)

SELECT
FROM
WHERE

Structured Query
Language (contd.)

SELECT E. NAME
FROM EMP E
WHERE E.NIC IN (
SELECT ENIC
FROM DEPENDENT
WHERE GENDER = E.GENDER)

~

=)

—_—

Structured Query -1
Language (contd.) i‘:}?

* Correlated Nested Queries...
Nested queries referencing tables of outer queries.

+ Example...

“List the employee who has at least one dependent who has the
same gender as the employee”

Structured Query
Language (contd.)

EXISTS...
Can be used to check the existence of set...

Previous example...

~

SELECT E.Name
FROM EMP E
WHERE EXISTS (
SELECT *
FROM DEPENDENT
WHERE ENIC = E.NIC AND
GENDER = E.GENDER)

=)

—




Structured Query
Language (contd.)

NOT EXISTS...

Example...
“List the names of employees who do not have any dependents”

Your Turn!!

salary of manager of dept 5.

* Print names of departments that do not have any projects.

project 7.

same number of hours as employee ‘783456789V’ (i.e. nic).

Print the names of the manager whose salary is greater than the

Print the names of employees who work for project 5 but not for

List the Employees’ NIC who worked within the same project and

Structured Query
Language (contd.)

SELECT E.NAME

FROM EMP AS E
WHERE NOT EXISTS (
SELECT *

FROM DEPENDENT
WHERE ENIC = E.NIC)

Your Turn!!

Employee(eid, name, salary, dept, address)

Dept(deptNo,dname, building, mgr)
* Print all employee names.

* Print names of employees working for ‘Administration’ (i.e.
dname) department.

* Print names of employees working for ‘Administration’ (i.e.
dname) department and getting a salary > Rs. 50,000.




Your Turn!! ... (contd.)

Print the employee’s name, his/her department and his/her
manager’s name.

Print names of employees who are managers. If an employee is
managing more than one department, print his/her name only
once.

Print names of employees managing ‘Administration’ and ‘Sales’
department. If the same employee is managing both
departments, repeat his/her name twice.

Your Turn!!

* Count the number of employees working for department 5.
* Print the maximum and minimum salaries for department 5.

* Find the number of employees obtaining a salary greater than the
Average salary of all.

* Print the total number of hours worked by employees for project
5.

Your Turn!! ... (contd.)

Print the names of employees whose names have a letter ‘A’ or ‘@’
in them.

Print names of employees whose address contains the following
string ‘_olombo’ where _is any character.

Print names, deptNos, and salaries of employees, Order firstly in
ascending order by deptNos and then salary by descending order.

Print the names of employees who are not working for any
department.

Print the names of employees who are working for some
department.

Summary

™

* You can build up complex queries from simpler
sub-queries.

* It often requires thought to compose complex
queries.

» Approach:
— Break problem into sub-parts,
— and then build up final query...
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Database Security

In this chapter you will learn:

The scope of database security

Why database security is a serious concern for an organization
The types of threats that can affect a database system

How to protect a computer system using computer based controls
The security measures provided by MS Access

Approaches for securing a DBMS on the web

What is Database security?

* The mechanism that protect the database against intentional or

accidental threats.

* The db. security encompasses H/W, S/W, people and data.

* DB security is concerned with avoiding the following situation:

j

‘.1"0/
)

Theft & fraud

Loss of confidentiality (secrecy)
Loss of privacy

Loss of integrity

Loss of availability

* Threat : any situation or event, whether intentional or
accidental, that may adversely affect a system and
consequently the organization.

* DB security aims to minimize losses caused by anticipated
events in a cost effective manner without unduly constraints
the users.



examples of various types of threat:

Threat Theft and

fraud

Using another person’s means of access 4
Unauthorized amendment or copying of data v

<

Program alieraiion

Inadequate policies and procedures that allow
a mix of confidential and normal output

Wire tapping

Tliegal entry by hacker

Blackmail

Crearing *trapdoor” into system

Theft of data, programs, and equipment
Failure of security mechanisms, giving greater
access than normal

Staff shortages or strikes

Inadequate staff raming

L SN N

Viewing and disclosing unauthorized data v
Electronic interference and radiation
Data corruption owing 1o power loss or surge

Fare (electrical fault, lighining strike, arson),
flood. bomb

Physical damage o equipment
Breaking cables or disconnection of cables
Introduction of viruses

Loss of
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confidentiality privacy integrity
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systems is represented

Hardware
Fire/flood/bombs

loss or surge
Failure of sar

Theft of equipment

Data corruption due o power

rity mechanisms
giving grealer access

Physical damage to equipment

s Electronic interference and radiation

DBMS and Application Software
Failure of security mechanism

//Camm unication Networks

7 Wire tapping

Breaking or disconnection of cables
Electroniz interference and radiation

Users Programmers/Operators

Using another parson's meansof  Creating trapdoors
access Program alteration (such as creating
software that is insecura)

fl

Wigwing and disclosing
unauthorized data Inacequ
Inadequate staff training Inadequ
Wegal eniry by hacker procedures

security policies and

Blackmail Staft shortages or strikes

Intraduction of viruses

Database

Unauthorized amendment or
copying of data

Theft of data

Data corruption due to power
loss ar surge

Data/Database Administrator
Inadequate security policies
and procedures

Countermeasures — Computer-Based
Controls

* Computer-based security controls for the multi-user

environment include
authorization

access controls

— views

— backup and recovery
— integrity

— encryption

— RAID technology.

Secure

internal

network
{Intranet)

Representation of a typical multi-user computer environment

= e
/7 Insecure eiternal
4——| Encryption  |+— network J
1 X (&g, Internet) 3
y s — \\

'y
|
|
¥

Encryplion

Flrewall

DBEMS server

Authorization
and
access control

Local client
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Countermeasures — Computer-Based Controls

Authorization: The granting of a right or privilege that enables a subject to have
legitimate access to a system or a system’s object.

Authentication: A mechanism that determines whether a user is who he or she
claims to be.

Access control : The typical way to provide access controls for a database system is
based on the granting and revoking of privileges.

There are two types of Access controls
1. Discretionary Access Control (DAC)
2. Mandatory Access Control (MAC)

o (S S T

Discretionary Access Control (DAC)

Most commercial DBMSs provide an approach called Discretionary
Access Control (DAC),which manages privileges using SQL.

The SQL standard supports DAC through the GRANT and REVOKE
commands.

Mandatory Access Control (MAC)
Some commercial DBMSs also provide an approach to access control
called Mandatory Access Control (MAC), which is based on system-
wide policies that cannot be changed by individual users.

In this approach each database object is assigned a security class
and each user is assigned a clearance for a security class, and rules
are imposed on reading and writing of database objects by users.

The SQL standard does not include support for MAC.

View

* Aview is the dynamic result of one or more
relational operations operating on the base
relations to produce another relation.

e Aview is a virtual relation that does not
actually exist in the database, but is produced
upon request by a particular user, at the time
of request.

* The view mechanism provides a powerful and
flexible security mechanism by hiding parts of
the database from certain users.

Backup

* The process of periodically taking a copy of the database and
log file (and possibly programs) on to offline storage media.

* A DBMS should provide backup facilities to assist with the
recovery of a database following failure.

* |tis advisable to make backup copies of the database and log
file at regular intervals and to ensure that the copies are in a
secure location.

* Inthe event of a failure, the backup copy and the details
captured in the log file are used to restore the database to the
latest possible consistent state.

* Journaling :The process of keeping and maintaining a log file
(or journal) of all changes made to the database to enable
recovery to be undertaken effectively in the event of a failure.




RAID (Redundant Array of Independent Disks)

Integrity
* Disk drives are the most vulnerable components with the
] ) ] shortest times between failure of any of the hardware
* Integrity constraints also contribute to components.
maintaining a secure database system by *  One solution is the use of Redundant Array of Independent

Disks (RAID) technology.

* RAID originally stood for Redundant Array of Inexpensive Disks,
but more recently the ‘I’ in RAID has come to stand for
Independent.

preventing data from becoming invalid, and
hence giving misleading or incorrect results.

* RAID works on having a large disk array comprising an
arrangement of several independent disks that are organized to
improve reliability and at the same time increase performance.

* There are a number of different disk

Encryptlon configurations with RAID, termed RAID levels.
— RAID O
* The encoding of the data by a special

. —RAID 1

algorithm that renders the data unreadable by
any program without the decryption key. ~RAID2
—RAID 3
— RAID 4
—RAID 5

— RAID 6
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Approaches for securing a DBMS on the web

The challenge is to transmit and receive information
over the Internet while ensuring that:

It is inaccessible to anyone but the sender and
receiver (privacy)

It has not been changed during transmission
(integrity); n the receiver can be sure it came from the
sender (authenticity)

The sender can be sure the receiver is genuine (non-
fabrication)

The sender cannot deny he or she sent it (non-
repudiation).

Approaches for securing a DBMS on the web
* The security measures associated with DBMSs on the
Web include:
— proxy servers
— firewalls
— message digest algorithms and digital signatures
— digital certificates
— kerberos
— Secure Sockets Layer (SSL) and Secure HTTP (S-HTTP)

— Secure Electronic Transactions (SET) and Secure
Transaction Technology (SST)

— Java security
— ActiveX security

* Briefly explain the above approaches.
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