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Marackerishict of DB Approach
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GRADE_REFORT 3
PREREQUISITE 2
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Column_name Data_type Belongs_to_relation
Name Character (30) STUDENT
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CATEGORIES of DNTA MODELS

1. Comqﬂvm\ (58 Hi%\:vl.evc\ dato.  wiodel
© ER wodel
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3 Tmplementation o Qepresentoional Data  Mod el
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DATRBASE S(HEMA

* Deswriphion of database § dotabose shructufe
¢ Dotobate is  popwated basted en sthemo
* Also coalled intension

Figure 2.1 STUDENT
Schema diagram for -
the database in [ Name lStudent_number l Class l Major l
Figure 1.2,
COURSE

[ Course_name I Course_number I Credit_hours‘ Department

PREREQUISITE
[ Course_number | Prerequisite_number l

SECTION

[ Section_identiﬁer| Course_number | Semester l Year l Instructor

GRADE_REPORT
l Student_number l Section_identiﬁer[ Grade |
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Datobase State
+ Dotmbase cowrent o ony Oiven point of Hime
* VolMd stake: dotabvase state follows ontirainkg
© Tnikiol grode: stote when loaded into the system
© Kl walled evtension

STUDENT
Name | Student_number Class Major
Smith 17 1 CS
Brown 8 2 cSs
COURSE
Course_name Course_number | Credit_hours | Department
Intro to Computer Science CS81310 4 CcS
Data Structures CS83320 B CS
Discrete Mathematics MATH2410 3 MATH
Database CS3380 3 CS
SECTION
Section_identifier | Course_number | Semester Year Instructor
85 MATH2410 Fall 07 King
92 CS1310 Fall 07 Anderson
102 CS3320 Spring 08 Knuth
112 MATH2410 Fall 08 Chang
119 CS1310 Fall 08 Anderson
135 CS3380 Fall 08 Stone

GRADE_REPORT

Student_number Section_identifier Grade
17 112 B
17 119 C
8 86 A
8 92 A
8 102 B
8 136 A
PREREQUISITE
Course_number | Prerequisite_number
Figure 1.2 CS3380 CS3320
A database that stores CS3380 MATH2410
::;’(ii:‘;;’;? e CS3320 CS1310
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pEMe Cow\?on enr Modules

Users: DBA Staff Casual Users Application Parametric Users
/ \ 1 Programmers
DDL Privileged Interactive Application
Statements Commands Query Programs
DDL o \ Host
uery ; I._> Language
Compiler Compiler I:Precompller cogpngr
i
‘ ‘ | ' |
: Query DML Compiled
| Optimizer Compiler Transactions
| [ v
| 2 -
! -
1 —e
| P
| z -
| sk RxE
| 7 s DBA Commands,
: 7 e Queries, and Transactions
T _
20 g Runtime Stored
s A _ #| Database [** *  Data
ystem Sz S P Manager
Catalog/ L= roclessot Concurrency Control/ 9
Data == AT Backup/Recovery A
Dictionary Subsystems
Stored Database Input/Output
Query and Transaction from Database
Execution:
Figure 2.3

Component modules of a DBMS and their interactions,
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Cendvalised & Cliev-Server DBMS  Archirechures

. Centrolised Avehwteckwre

Terminals Display *Display L [ Disp.lay
Monitor Monitor Monitor
| [ Network |
(, % <)
Application Terminal Text
Programs Display Control Editors
DBMS N | Compilers | el
K Software
Operating System
( System Bus N
I 1
| Controller | | Controller | Controller I -
i —_—
cpu I " - 170 Devices
| Memory | Disk . (P[;nters. Figure 2.4
K Hardware/Firmware L dmiti L ) A physical centralized
=4 architecture
< . . .
2. Two-Tier Uient- Server Prthwrecture
| Clent | | Clent | | Client |-
l I Network I

Figure 2.5 ‘ l

Logical two-tier ; :
client/server Print File DBMS
architecture. Server Server Server

Client

© diclese wachines [ PCs [ wollsvodions

° wnectked 4o Sservere wmvﬂ\v\ 0 wnekworr (LN, wireless
e

© User wacdhine ¥aak provides UL capobilivies ond local
procw‘»‘ma



deve Senrvar

© Sysrem ¥aok provides gervies 4o clientt wWhen requested
Cfile access, printing  avthiving

Figure 2.6 Diskless Client Server
Physical two-tier Client with Disk Server and Client
client/server

architecture.

| Client || || Client | Client

Site 1 Site 2 Site 3 Site n

Communication
Network

3. fhree-Tier Ulienk- Sgvver Avehirecture

© Tarermediatre lager beiween cdient ond  Sevver

~

N
: GuUI, Presentation
Chent Web Interface J Layer

i A
Application S Applicati ( ! 3
pplication Server pplication 3
Web Server Web Pages 9 y
i A
/
Figure 2.7 ! Y
Logical three-tier Database Database Database
client/server Server Management Services
architecture, with a System Layer
couple of cammonly
used nomenclatures. (a) (b)
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Uassificabon of DBMS

L Based on data mode)
. acy @ newek | hierarchical
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* Recent: document-bated, wlumn-basted, Qropr-boosed, key-value
based
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© Gy groph  dstnlbate (Neoki) — Star wars

bnps://towardsdatascience.com/presentingﬂﬂple-node-label—support-and—grjph-mutabilityﬁatures-of-the-neglj;g@;mi-data—aObOea744784
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Dodabose Deg'@n Poocess

Minwarld

Y

REQUIREMENTS
COLLECTION AND

ANALYSIS
i
Functional Requirements Data Requiremants
|
L I —
l FUNCTIONAL ANALYSIS CONCEPTUAL DESIGN
' Y
High-Level Transaction Conceptual Scherma
A Spacification {In a high-level data model)
- Y
DBMS-independent LOGICAL DESIGN
DBMS-specific (DATA MODEL MAPPING)
\ Logical (Conceptual) Schema
APPLICATION PROGRAM | , {Irn the data model of a spocitic DBMS)
DESIGN Y
Y PHYSICAL DESIGN
\J
TRANSACTION -+————————— Intornal Schama
IMPLEMENTATION |

Application Programs
Figure 3.1
A simiplified diagram to dlustrate the main phases of database desigr

Reqﬁmmenﬂ of Yhe C(OMPPMNY Dotobonse

* (ompony wﬁmniso.d o DEPARTMENTS

* Eadn department hag o wame, number and an emplogee who
Manages e d.e\)aﬁw\ev\\—

* Veep rock of stark dote of depariment wanoopr

* Depariment wmau Wove several \otatiens

* Todn department conwolt o Aumber of PROJELTe

* Eath projeck was & unigue nawe, fuwber and locahion

+ DB tiwres eath EMPLOVEE: SSN, oddvess talarw, sex, \dicthdoke

* Calh ewmplopee wevl fox  ome depariment  bwt ™o W& on
several projecis

* DB Weeps tade of no. of Wowrt per weel thak o employee
WoLE en o project
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Veep tade of direck Superviser of each employee

© Both employee was o number of  DEPEIV DENT:

- DB recovds eavh olependents name, Sex, Wicvwplace, vulahmthip
With ewployee

En’f'r\'a
© Bosic concept for ER model  [velation)
* Specific ¥Winog) objeck n the mini werld
* Paysical o oncepimal cde(otee-. no. of aktribuyes)
* Entritles Wave oativributes
* Entity Set: ollecion of similar ewhiies
Strong (Single line border) and weak (double \ine)
. Rec\'aws\e,
+ Type: clags [ Obsivoct +ewplate

Attrionre
Properhies Used +v degonbe o ennty
Assounted with o domain /value set
Oval
Cadn oftribuke Was o type

Types of Adtrrilowres
0> Simple | composite  Aaribwre
+ Simple: Singje odomic volued odrtribwre
- ey ARodhaar number
Composite: composed of Seveval Compongnts ; ree
- oy Telephone nuwdoer (8TD code, numbver)

Address

A
AR

o \\\
» /- \\
/ N S
s

s

N S
Street_address City State Zip
I\
N
Frd N
/ \
P =R
// \\
Number Street  Apartment numbet
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6o Sinoye-valued l MaW-valued  Atteioutes
. Sin@\e—vu\ued= single  volue fsr on otivibuted ; Si.\ﬁ\g oval
- : DOB
© Mulfi-valned: may have multiple values § fwo oval \ines
- eg. CourseSet = §0DCO, AFL,DRMSY

(1) $+oredl derived fitriontes
Age can ot derived f&om DOR
- Derived: dokred \ine

GV (omplex Bitribures
* Combination of mulb-volued and Composite

Symbol Meaning
| Entity
‘ Waeak Entity

Relationship

Indentifying Relationship
=l ) Atiribute
o ) Kay Aftribute

Multrealued Attnbute

e Composite Attribute

= Denved Attribute

[ & —< R :l E; Total Participation of £, in R

E 1 L R ;N [ E; ‘ Cardinality Ratio 1: N for E,: E;in R
(min, max)
] Structural Constraint (min, max)

N / 2 E on Participation of Ein R
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€-R Model

uwivalued
CBaate ) Chame > CAdeross) C Salany > ) trioure

> <N ,

1 e
fey / ,,,,,, (rerived S

EMPLOYEE ‘::Number_of_employee:s::—[ DEPARTMENT |

1
1 1
( Hours > m
M N
. . PROJECT
Supervisor Supervisee 1

1 N Came >

DEPENDENTS_OF @

N
| DEPENDENT

Birth_date Relationship
Figure 3.2

An ER schema diagram for the COMPANY database. The diagrammatic notation is introduced gradually throughout
this chapter and is summarized in Figure 3.14.
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Caro\inm\\’g Rato

© L], 1N, Ne), NEL MeN
* (n olto use (min,max) representation

e i e

CDICITIED

Gad S
WORKS FOR

2 (4,N)
(11
E““"°’“ _Department

EMPLOYEE S'a" date) " Number_of_employees I pep RUENT |
0,1) Department (0,N) | Controlling
Manager Managed _~"(1,1) Department

CONTROLS
(1,N)
Worker Controlled
(1 1) | Project

ROJECT |

(1,N)
(O,N)
Employee

DEPENDENTS_OF

(O,N) (0,1)
Supervisor Supervisee Project

(1,1) || Dependent

DEPENDENT |

/{@ Relahonshnp
Figure 3.15

ER diagrams for the company schema, with structural constraints specified using
(min, max) notation and role names.
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@ 1|

| employee manages | oept
= \dept wanaged by | employee
- wn pik o side

Figure 3.12 EMPLOYEE MANAGES DEPARTMENT
A1 relatienship, PN
MANAGES, b \
/[ ele .‘\\
/ A P
fi LR [ a0\ / \\\
{ | Y SR S —edi \
| ege—— / \ \
| | / r |
ere | [ e {—ed; |
L [ |
OE—— 3 ‘
| G @ { { | {
| | / \ . ]
| | . / \ /
\ ey e / \ > / \ .
“ \ . \ » /
{ <) L
\ = T
\\ /
\
ke —
“N stands %or ¥ har of related enfities (zow or mofe). In some natations, the asterisk symbol (7} is
used Instead o N

@iy ':N
- N shwdentt in A elective
- leletvive con Wave N srudents
- skoted o¥ N side
— 1 Shwdent Wt only one elective

ELECTIVE i M STUDENT
o) N: )

- N stwdenms \n 1 sedhion

— 1 tecvion was N grudents

- ¢teled ar N side

- 1 Srwdent & in onkb 1 cdage

STUDENT ”-@1— SECTION
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(V) M:N

- M thwdents re;bi:nr Loy N courses
- N courtes have ™ mbis\'ored stwdentc

in fotol
- reate Separore  tob\e
Tt
EMPLOYEE WORKS_ON PROJECT
7 o = BN
// &y »\AY; S 1_:_\_ - A_:/?is. P \
ald /[ . N )
1'| e T \‘“‘\-h,? ........ '?/’ \"'. l'l A re .'J
| I B % | . r [
N | \ =
" ey \\\ X [ TS~ ),I// Vﬁa |
N e Sy
"l \II‘\ ‘N// | ’/;; I' e Pa 0..
\ /} “ | \ " / & \ /
\ / \ 'R
\,F/ / | \ e ! \x_/
|II \ 'II
VN /
\ r /
\ : / Figure 3.13
\ 4 An MiN relationship,
= WORKS_ON.

Relat enships

* Can be binary, femary efc but advisable +o use only binary

* Retuvsive: ove employee manages N empolyges — gelf-veferential
reloionship (mondatory Yo speufy role  names)

tupc\'v:ﬁ po\gee supervisee

€

S

:uperviscs
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Ke.& Aribuye

Unique Tdentifier for an artibute
+ an hawve wore vaan one ey ovtrivute
. Speciﬂcd with  under\ine

moanufactucer

venicle

— DitadvVontodes of e-R D(%mm

Normalisohion- Reduce e NULL eniries 5 Lonnot  be ochieved
with e-f diaﬁmm

* Connot represent datatypes in ER diagfam
Weal En‘\'ii\é

" Partiol ey: ootred tine; not alwoms unigue

Weak entifies do not wave o unigue ey ; must loe

associoted with ox \easyr one thrmey  entity

Called idenﬁ@@r\% relah nship

weal
employee dependent

entiry
participation

@ parhial ey
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Case Study

*  The university is organized into colleges (COLLEGE), and each college has a unique
name (CName), a main office (COffice) and phone (CPhone), and a particular faculty
member who is dean of the college. Each college adminis- ters a number of
academic departments (DEPT). Each department has a unique name (DName), a
unique code number (DCode), a main office (DOffice) and phone (DPhone), and a
particular faculty member who chairs the department. We keep track of the start date
(CStartDate) when that fac- ulty member began chairing the department.

* A department offers a number of courses (COURSE), each of which has a unique
course name (CoName), a unique code number (CCode), a course level (Level: this
can be coded as 1 for freshman level, 2 for sophomore, 3 for junior, 4 for senior, 5 for
MS level, and 6 for PhD level), a course credit hours (Credits), and a course
description (CDesc). The database also keeps track of instructors (INSTRUCTOR); and
each instructor has a unique iden- tifier (Id), name (IName), office (IOffice), phone
(IPhone), and rank (Rank); in addition, each instructor works for one primary academic
department.

*  The database will keep student data (STUDENT) and stores each student’s name
(SName, composed of first name (FName), middle name (MName), last name
(LName)), student id (Sid, unique for every student), address (Addr), phone (Phone),
major code (Major), and date of birth (DoB). A stu- dent is assigned to one primary
academic department. It is required to keep track of the student’s grades in each
section the student has completed.

*  Courses are offered as sections (SECTION). Each section is related to a single course
and a single instructor and has a unique section identifier (Secld). A section also has a
section number (SecNo: this is coded as 1, 2, 3, . . . for mul- tiple sections offered
during the same semester/year), semester (Sem), year (Year), classroom (CRoom: this
is coded as a combination of building code (Bldg) and room number (RoomNo) within
the building), and days/times (DaysTime: for example, 'MWF 9am-9.50am’ or ‘TR
3.30pm-5.20pm’— restricted to only allowed days/time values). (Note: The database
will keep track of all the sections offered for the past several years, in addition to the
current offerings. The Secld is unique for all sections, not just the sections for a
particular semester.) The database keeps track of the students in each section, and
the grade is recorded when available (this is a many-to-many relationship between
students and sections). A section must have at least five students.
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N-foy  Relohiongnipg

© Ternary velarionchips st can be @presentzd by wultiple
binary celationships afe taid to be redundant

* I 207, binary relohonship annor  veplace Yernary cclw\\'mki?

© Can reprecent 0S8 0 weal enhity fype awnd astociate it with
idenitying velaxivnchip
(Sname (Quanity) (Proj_nam)

T o= T
SUPPLIER PROJECT

(a) SUPP

Par! no
PART

/ Sname \ PL)J name

(b) SUPPUER suppues PROJECT

%U\Pb ( usss

KPanno/ /

-

_—"N
T PART

(c)

P S— iy
” = -—

C ',Sm) (\ Quantity ) < Pro, _nar‘n\e)

o= — ~ — ~— e

1
SUPPLIER 1@ SUPPLY ; PROJECT
N
1

PART

p
\\ =

/ X

N

Figure 3.17
Ternary relationship types. (a) The SUPPLY relationship. (i) Three binary relationships not
equivalent lo SUPPLY. (c) SUPFLY represented as a weak entily type.
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Figure 3.18

Another example of
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Figure 7.13 E-R diagram with a ternary relationship.
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Recursive Relationthip
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Figure 7.12 E-R diagram with role indicators.
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Figure 3.11

A recursive relalionship
SUPERVISION
between EMPLOYEE
in the supervisor role
(1) and EMPLOYEE in
the subordinate role (2},
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