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Database Management System (DBMS)
DBMS contains information about a particular enterprise
= Collection of Interrelated data ' “da yidl clilull (10 4 sana’
» Set of programs to access the data ' Ul Jea 5 geal ll (10 4o gond’
* An environment that is both convenient and efficient to use 48«5 &id '

A\

"aladil
> Database Application: ' <Ulall ae) 8 aadins il
1. Banking: transactions '“laas'
Airlines: reservation , schedules ' Jslaall ¢ &l jsaall !
Universities: registration , grades "<la Al ¢ Jasall’
Sales: customers, products, purchases "<l yidall ccilaiiall ceSaall’
Online retailers: order tracking, customized recommendations <lua 5 calla aid
: .
6. Manufacturing: production, inventory, orders, supply chain o 3l 5z
"5l A 5l
7. Human resource: employee records, salaries, tax deductions (il sall !
A pall Clagdadill 5 il 5 )l
Databases can be very large.
Databases touch all aspects of our lives
University Database Example . 'Cantilall aoains I clapkail) aa) Jee 48 jha mia g
Application program examples:
= Add new students, instructors, and courses.
= Register students for courses, and generate class rosters.
= Assign grades to students, compute grade point averages (GPA) and generate
transcripts
% Drawbacks of using file systems to store data important : 42 (IS enllal 2 sl Jé Gl
"8 g Ganlall il G A0 L se e s L g s JHlAl) dand
1. Dataredundancy and inconsistency 'blall mdls 5 il ) s
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H e Multiple file formats, duplication of information in different files Clawii’ Il
I Aaliae il 3 e glaall ) SE Baaeiall cilalal) ]
I 2. Difficulty in accessing data "“Llall ) Jsasll & 4 s’ ]
H: e Need to write a new program to carry out each new task 4US I zUas! H
I Baaa Aage JS il aa el 1
H 3. Dataisolation '@ulall J e H
L e multiple files and formats. ]
| 4. Integrity problems "4edlall JSLas' ]
U% e Integrity constraints (e.g., account balance > 0) become “buried” in H
U% program code rather than being stated explicitly. Juw o) JalSall 258" H
L Hal s (e Y el 35S 8 A" s (0 <lall da ) (U ]
U% e Hard to add new constraints or change existing ones. s 358 ddls) e ' H
) e ?‘m\ ol }i &
[ I
| 5. Atomicity of updates. "eaua sl Jhe (38 5 Srall mia 5 das § Glasld ]
U% e Failures may leave database in an inconsistent state with partial §U
| updates carried out. ' ]
l e Example: Transfer of funds from one account to another should J

| either complete or not happen at all. ]
| B |
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Atomicity of updateds leiacs Luas. |

|

|

1

| 6. Concurrent access by multiple users. 'Gmdiue sae J8 (e el il Jpadll ! i
| e Concurrent access needed for performance. 's12Y da 33U Gal Jidll Jsa sl ;|
i e Uncontrolled concurrent accesses can lead to inconsistencies. Jaladll ! 4
| il ) 23 o e Ledde 5 bl (e Y il 5l ]
i o Example: Two people reading a balance (say 100) and updating it a
:% by withdrawing money (say 50 each) at the same time B
: 7. Security problems B
: » Hard to provide user access to some, but not all, data."' P
: » Database systems offer solutions to all the above problems
|

1

1

1

1

% Levels of Abstraction: Very important 'Ulull ac) @ Jae ik cll i g L' B
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1) Physical level: describes how a record (e.g., customer) is stored.

2) Logical level: describes data stored in database, and the relationships among
the data. '<blull o clEdad) ¢ cchlilul) 3ac 18 gﬁ 4..1);45\ bl Coay!

3) View level: application programs hide details of data types. Views can also hide
information (such as an employee’s salary) for security purposes. <laukaill zal '
oal ey (Cab sall (il ) Jia) e sheall elaa) Liagl (e o) 51 clilull ) 51l (e Jaalis olas)
Al

R/

** Instances and Schemas

Note: Similar to types and variables in
programming languages
Schema = is a variable
Instance = is a value of a variable
saee Y1 Jia LaSud) ¢ Jgaa JSG e clilal) ac ) 8
Cagtall b ) 4l Jiad Cuiliadl Lady ypaiall o)

Schema
(: name dept_name salary
22222 mstein YSICS 95000
12121 Wu Finance 90000
32342 El Said History 60000
4556 Katz Comp. Sci. 75000
98345 Kim Elec. Eng. 80000
76766 Crick Biology 72000
10101 Srinivasan | Comp. Sci. 65000
58583 Califieri History 62000
Instandg 83821 Brandt Comp. Sci. 92000
5151 Mozart Music 40000
3456 Gold Physics 87000
543 Singh Finance 80000

Nt

» Similar to types and variables in programming languages.
> Schema — the logical structure of the database. "<Ulull sacl (e dghaiall 4] - LS
= Example: The database consists of information about a set of customers and

accounts and the relationship between them. <o sdaall (e CULall 8ac 8 (<5 1 JUa !
Legin Aall 5 a6 Shaal) (0 de gama S
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Analogous to type information of a variable in a program. <ule sbeall ST 4 Lid) !
"l & ke
Physical schema: database design at the physical level -
Logical schema: database design at the logical level
= |nstance —the actual content of the database at a particular point in time. - il
) "Oa il e Aipre Al die i) ac el adl) () sacadll
* Analogous to the value of a variable. ' e 4l Ailas '
= Physical Data Independence — the ability to modify the physical schema without
changing the logical schema. _xa3 (552 LaSu JiS 58l Jaaad e 3 pagall - S 5al) ULl JNEy) !
e JSaa
» Applications depend on the logical schema. "wsSu (S o e colapdail) adiai !
= In general, the interfaces between the various levels and components should be
well defined so that changes in some parts do not seriously influence others. '
o) yal (amy (8 Gl yuas Gy i o () Cangy il o€ 5 Ol sl Calline G Cilgal 5 cale JS
"o AV al deas e S Y
** What are the types of binary relationship?
1. One to one
2. One to many
3. Many to one
4. Many to many

X/
°

Data Models reading "alall LA Lew jai oy jlad G 50 aalia 3 s
: A collection of tools for describing

Uo o Data

s o Data relationships . 'cllall ciEde!

l o Data semantics . "<llall J3Yo

L o Data constraints. "<Ulul 5 58"
U% » Other older models:

5 o Network model

U% o Hierarchical model

Y
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U% S . . . Columns
I e -

Iy

I SO LIL (I Slhiaal ) (ns a5 esxf/
U% 1D rnarie dept_mnarie salary

| P Einstein Physics 95000 Rows
H 12121 Wu Finance 90000

® 32343 El Said History 60000

ks 45565 Katz= Comp. Sci. 75000

I 98345 Kim Elec. Eng. 80000

8 76766 Crick Biology 72000

L 10101 Srinivasan Comp. Sci. 65000

I 58583 Califieri History 62000

i 83821 Brandt Comp. Sci. 92000

. 15151 Mozart Music 40000

I 33456 Gold Physics 87000

H° 76543 Singh Finance 80000
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+«+» Data Manipulation Language (DML) Very important to know the difference between
DML & SQL & DDL
= Language for accessing and manipulating the data organized by the appropriate data
model. auliall clill) GSJA} J8 e i) ot el g A J s sl 21
= DML also known as query language
= What is the difference between procedural and non-procedural languages?
= Procedural — user specifies what data is required and how to get those data.
'l i e J peandl 6K 5 ULl sllae oo e addiial aaay
= Declarative (nonprocedural) — user specifies what data is required without
specifying how to get those data. &S waad 50 Gkl Ggllaa sa L addiuall daay !
Gl &b e J paall
= SQL is the most widely used query language . 'aJxiu¥! 4al gl 5 Glai o Laladia) FSY) o
» Retrieval of information stored in the database.' <tlull sacld & 45 33l e glaall g la il
= Insertion of new information into the database. '©ulu)sxeld & suas Gleglas e 21,0y !
» Deletion of information from the database ' <llull sacld (he Cula slaall Cada
* Modification of information stored inthe database. ' (sslilall & 45 Hadll e slaall Jooa
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++» Data Definition Language (DDL)
> Specification notation for defining the database schema. 3cl Lhlia aaail o o33 Cliial sa !
‘bl
=  Example: create
table instructor (

1 ID char(5),
name varchar(20),
I dept_name varchar(20),

| salary numeric(8,2))

» DDL compiler generates a set of table templates stored in a data dictionary. ~> s’
Ll (o sald 8 453 Jgaad) Gl @ (e de sana

» Data dictionary contains metadata (i.e., data about data)
= Database schema

| = |ntegrity constraints

o Primary key (ID uniquely identifies instructors) . * O3l xia)"
A (3 S i 1Y) Aol eland) il Laie daalally Jlie cilibyll
Jaaise UL Jgam dgee 58 44y 28 b eCiia gt 3 (V) Basb (e ale

I " gl Q) g el ) Nl ) g i i s of ey Sy

U% o Referential integrity (references constraint in SQL)

l v' e.g. dept_name value in any instructor tuple must

U% appear in department relation

l o Authorization.

U% » DDL specify a database schema by a set of definitions. It is used to specify

I additional properties of the data. ab . )laill (e de sene I (e Clily 32018 LasSas 3paa3 !

| il Al (ailad pasil aaladic)

sQL

SQL widely used procedural language

R/
Y o

Example: Find the name of the instructor with ID 22222
select name
from instructor
where instructor.lD = ‘22222’

Il
;;
ii Example: Find the ID and building of instructors in the Physics dept.

L select instructor.ID, department.buildingfrom instructor,

H departmentwhere instructor.dept_name = department.dept_name and

H department.dept_name = ‘Physics’

| » Application programs generally access databases through one of
I = Language extensions to allow embedded SQL

H = Application program interface (e.g., ODBC/JDBC) which allow SQL queries to be
| sent to a database

I ++ Database Design

Il

Il

Il

Il

Il

Il

Il

Il

Il

Il

|

> The process of designing the general structure of the database: sl JSiell asaat dulac
bl sacal
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e Logical Desigh — Deciding on the database schema. Database design
requires that we find a “good” collection of relation schemas. awai.
LSl AVe e de ganae "3 6" aa o) callaty bl sac @

o Business decision — What attributes should we record in the
database?. ' fbilull saeld b Jad ) cay Clan L !

o Computer Science decision — What relation schemas should we
have and how should the attributes be distributed among the
various relation schemas?. g5 O (b Sy JlaSul) 483000 L'
'?olaSul) A8de Calida (o Gladd)

e Physical Design — Deciding on the physical layout of the database. J<ll'
! ms:uﬂ ‘_,’_ui.\.@J\

+* IS THERE ANY PROBLEMS WITH THE THIS DESIGN?

D)

ID name salary dept_name building | budget
22222 | Einstein 95000 | Physics Watson 70000
12121 | Wu 90000 | Finance Painter 120000
32343 | El Said 60000 | History Painter 50000
45565 | Katz 75000 | Comp.Sci. | Taylor 100000
98345 | Kim 80000 | Elec. Eng. Taylor 85000
76766 | Crick 72000 | Biology Watson 90000
10101 | Srinivasan| 65000 | Comp.Sci. | Taylor 100000
58583 | Califieri 62000 | History Painter 50000
83821 | Brandt 92000 | Comp.Sci | Taylor 100000
15151 | Mozart 40000 | Music Packard 80000
33456 | Gold 87000 | Physics Watson 70000
76543 | Singh 80000 | Finance Painter 120000

Ans. Yes

dept_name and building (- Ut ) S5 Gueg Uad 1

2485 Jgaally clibnl) ) S ade Ble) ja pa Cralgaadl Juadi 1dall- 2

Ol dga Joaadl ad 39 dept ID aaly Cl gaad) DS 3 gue - 3

:AUS dept_name & name 48 cwa ledept_ID JI alBk 4ad i el dga Jga-4

1D nane salary dept_name building budget I
22222 Einstein 95000 Physics Watson 70000
12121 Wu 90000 Finance Painter 120000
32343 El Said 60000 History Painter 50000
15565 Katz 75000 Comp. Sci Taylor 100000
98345 Kim 80000 Elec. Eng Taylor 85000
76766 Crick 72000 Biology Watson 90000
10101 Srinivasan 65000 Comp. Sci Taylor 100000
58583 Califieri 62000 History Painter 50000
83821 Brandt 92000 Comp. Sci Taylor 100000
15151 Mozart 40000 Music Packard 80000
33456 Gold 87000 Physics Watson 70000
76543 Singh 80000 Finance Painter 120000

1D nanme salary
22222 Einstein 95000
12121 Wu 90000 dept_name building budget
32343 El Said 60000 y —
15565 Katz 75000 Physics Watson 70000
\.»{ﬁ.;;—‘ K ;,“(”” o Finance Painter 120000
.."'..N" Crick .""(IMI History Painter 50000
767 72 “

4 )
10101 Srinivasan 65000 Comp. Sci Taylor I”_.“l,
58583 Califien 62000 Elec. Eng [',‘"I‘" 85000
83821 - — 92000 Biology Watson 90000
15151 Mozart “.)””“ Music Packard 80000
33456 " | Gold 87000
76543 Singh 80000
Y S Y S ) 33 o8 o8 33 33 3 33 33 o9 33 o9 33 o9 33 o9 33 P 09___aP 09___aP 09___aP 09___aP 09___aP 09___aP 09___o® 09 _o® 09 %




[ ¢ The Entity-Relationship Model. Reading
I > Models an enterprise as a collection of entities and relationships
I e Entity: a “thing” or “object” in the enterprise that is distinguishable from

other objects
o Described by a set of attributes

e Relationship: an association among several entities
I
I
U% » Represented diagrammatically by an entity-relationship diagram:
|
U% Subject
. instructor department
I ID dept_name
l name building
U% salary e budget

‘ ‘o o

I 1)

| 2)

I 3)

| a)

>

What happened to dept_name of instructor and student?.

The data models can be classified into four different categories: s

Relational model: uses a collection of tables to represent both data and the
relationships among those data. Each table has multiple columns, and each column
has a unigue name. Tables are also known as relations.

Entity-Relationship data model (mainly for database design): uses a collection of
basic objects, called entities, and relationships among these objects.

Object-based

data models:

e object-oriented model ( by Java, C++, or C#) the development of an object-
oriented data model that can be seen as extending the E-R model with notions of

encapsulation,

method (functions), and object identity.

Semistructured Data Model. The semistructured data model permits the
specification of data where individual dataitems of the same type may have

different sets

of attributes.

e Extensible Markup Language (XML)

e network data model and hierarchical data model
Object-Relational Data Models: a¢g= »& osid

Relational model: flat, “atomic” values

Object Relational Data Models

SHAHAD ALHAWASHI

Extend the relational data model by including object orientation and
constructs to deal with added data types.

Allow attributes of tuples to have complex types, including nonatomic
values such as nested relations.

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



e T 0T 0 0% ee 0% 0% 0% 0% 0% 0p

X/
o0

Y V VY

Y V

7/
o

L)

Y V V

%

e Provide upward compatibility with existing relational languages.

XML: Extensible Markup Language 4a¢ge s o5l
Defined by the WWW Consortium (W3C)
Originally intended as a document markup language not a database language
The ability to specify new tags, and to create nested tag structures made XML a great
way to exchange data, not just documents
XML has become the basis for all new generation data interchange formats.
A wide variety of tools is available for parsing, browsing and querying XML
documents/data
Storage Management important
Storage manager is a program module that provides the interface between the low-
level data stored in the database and the application programs and queries submitted to
the system. sxcld < LA (addie (5 ghue e il udeals g Lﬂsﬂ\ G.al.'u,d\ Baa g o
P alail) ) desiall cljldinl) y clipdail) al 5 i)
The storage manager is responsible to the following tasks:

* Interaction with the file manager ' <l il ae Jeladll !

* Efficient storing, retrieving and updating of data. <wasis ela il g op a5 seli!

' et

Issues:

= Storage access

*  File organization. ' <lékal) audass !

* Indexing and hashing. ' 43 a3l 5 4w yedll !

Query Processing ' 2oxisY) iallas !
1.Parsing and translation ' des yis Jalas!
2.0Optimization ' 4"
3.Evaluation 'axs
Alternative ways of evaluating a given query ' (e ladiul apgil dbay 5 5l
= Equivalent expressions
= Different algorithms for each operation
Cost difference between a good and a bad way of evaluating a query can be enormous
Need to estimate the cost of operations ' Clleall 485 joais ) #liss !
= Depends critically on statistical information about relations which the database
must maintain ad ol casg G GEMR) Ja Ailian) clesleall o S IS8 aaiey !
bbbl 3acd e
= Need to estimate statistics for intermediate results to compute cost of complex
expressions ' Basaal) Ol jual) 48lKE Ciliead Aoy glall C_q\:u o Glebiaa) yaw GU;S !
Transaction Management important
What if the system fails?
What if more than one user is concurrently updating the same data?
A transaction is a collection of operations that performs a single logical function in a
database application (sukd & saa) g Adlate ddda g (a5 Al Clilaall (e Ao sana (e 3 ke o
Gl 3acld
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H » Transaction-management component ensures that the database remains in a H
H consistent (correct) state despite system failures (e.g., power failures and operating H
H system crashes) and transaction failures. ala (4asa) JI 5 Y bl saclE o Gacay jyaic ' H
i Qi g (i) aUai a5 50 lall o Ua) o JUiall Jas o) aldaill (i (g o 1) e 4l 1
[ » Concurrency-control manager controls the interaction among the concurrent ]
H transactions, to ensure the consistency of the database. <bleall fu Jelaill Jde jlaws! H
I 'l saeld 8 Bl Gleal cdial il ]
i % Briefly talking about Database Architecture? Il
H The architecture of a database systems is greatly influenced by the underlying H
H computer system on which the database is running: i sueSll s U8 (e 5o as ) 5l ]
I 'l sacls Jaa (53 oY) I
I 1) Centralized 1
H 2) Client-server H
H 3) Parallel (multi-processor) ]

| 4) Distributed ]
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