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MovTeAomoinon Asdopévwy XpNoIHOTTIOIWVTAC TO
MovTéAo OVTOTATWYV-2UCGX ETIOEWV
(Entity-Relationship ER)

Ap. XapaAautrog Kapavikag



TTepiexopeva

= Aladikaoia oxediaong TG Baong dedoUEVWV

= Eva mapdadeiypa epapuoyns Baong 0edouEVWY
(COMPANY)

= Baoikeg evvolec ER povreAou
= Ovrotnteg (Entities) and 10161nTeC (Attributes)
= Tutrol ovrotATWV (Entity Types) kai KAc1d1a (Key Attributes)
= 2uo)erTioelg (Relationships) kai Tutrol 2ZuoxeTioswyv
= AoBevic OvtoTnTEC
= POAol kal [810TNTEC 0TOUC TUTTOUGC 2ZUCXETIOEWV

= Alaypdauuara ER — XpAon ypa@ikwyv cupoAwv

= ER diaypappa yia 1o 2xnua COMPANY

= EVaAAakTIKA Xprion ypa@pikwy ocuuBoAwyv — UML class
diagrams, KATT
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Aiadikaocia AvdnTuénc Bdoswy

[1la TNV avaTrtugn piag 2xeoiakns Baong dedouévwy
akoAouBouvTal Ta akoAouBa Brjuara:

1. AvdAuon Amraitoswv (Requirement Analysis). O AvaAutig Tou
OUOTNMUATOGC TTPOETOINACLEI EvVa EYYPAPO ATTAITIOEWY JE TNV BorBcia
TOU TTEAQTN.
= T10gdopéva va atrodnkevovTal Kal TTOU;
= TI EQAPMOYEG Oa XTIOTOUV TTAVW ATTO T OEOOUEVQ;

s [loieg TpageIg/d1adIKacieg TTPETTEI VA UTTOOTNPIXOOUV KAl JE TI
ATTAITAOEIG ETTIOOONG;

2. Evvoioloyikn xediaon Baong (Conceptual Database Design):
O DB Designer ctoipadlel éva ER d1dypaupa TO OTT0I0 NTTOPET va
Yivel avTIANTITO 01O TTEAATN (VIO €TTIKUpWON). To dIAypapua auto
TIPETTEI Va gival opB6, TTARPEG Kal atrodOTIKO YIa va gival EUKOAN N
METATPOTTI) OTO ETTOMEVO OTADIO.



Aiadikaocia AvdnTuénc Bdoswy

3.

6.

Aoyiky Zxediaon Baong (Logical Database Design): MetaTtpoTtn
Tou ER diaypdupatog o€ éva (2xeoiako) Zxiua Baong. Mtropei va
YiVEl Kal auTOpaTa JE KATTOI0 aAyOpIBuo / epyalcio

BeAtiwon ZxAuartog (Schema Refinement): AvaAuon oxruarog
VIO EVIOTTIONO EVOEXOMEVWY TTPORANMATWY TT.X., ATTOQUYN TTOAAWV
KEVWV TIMWV KATT

Quoikédg Zxedlaouodg Baong (Physical Database

Design) 'EAceyxocg 011 n Baon Oa IKAVOTTOIET TIC ATTAITHOEIC
eTTidooNC/POpPTOU KTA. TA OTTOIA ETTIBAAAOUV OI ATTAITACEIC TOU
eyypagou avaiuong. Edav dev IkavotrolouvTal TOTE O€ AUTO TO OTADIO
AauBavovTal dlopOwTIKA PETPA (TT.X., TIPOOONKN EUPETNPIWY, KTA).
YAotroinon E@appoynig kai Mnxaviopwyv Ac@AaAgiag
(Application & Security Design)
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AiaypaupaTikii Avamapdotaon Aiadikaaciag

Avdmntuénc Bdaoswy

Figure 3.1

A simplified diagram
to illustrate the
main phases of
database design.

REQUIREMENTS .
COLLECTION AND AvaAuon
Functional Requirements Data Requirements
FUNCTIONAL ANALYSIS | [ concerruaLpesian | EvvoloAoyikn

High-Level Transaction

Conceptual Schema

Specification (In a high-level data model)

'

2xediaon (ER)

T DBMS-independent

LOGICAL DESIGN

(DATA MODEL MAPPING)

Noyikn Zxediaon

l DBMS-specific

APPLICATION PROGRAM
DESIGN

'
'

PHYSICAL DESIGN

\i
TRANSACTION | 4

v

Internal Schema

IMPLEMENTATION

'

Application Programs

(ER2Rel Mapping)

Logical (Conceptual) Schema
(In the data model of a specific DBMS)

Quoiki Zxediaon
(EupeTtipia, KTA)



> xediaopoc Baonc Ascdopévwy

s O oxedlaouog Baong Aedouévwy gival n dpaoctnpiotnta
KaBopIopoU Tou oXNMATOC pIag BAaong dedouEvwy O€ Eva
OUYKEKPIMEVO PHOVTEAO OEQOUEVWV

= [ PEIC KATNYOPIEC:

= EvvoIOAOYIKOG OXEDQIOOUOG BAONG OedOpEVWIV
s AOYIKOG oXedlaouos Baong dedONEVWV

= PuoIKOC oxedlaouog Bdong dedouEvwY

Real World

()
v

USER

>

ER Model

CAR

>¢ Car Table

Database

REGNO SERIA LNO
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Entity-Relationship Model

AlgypAuuaTta Ta OTToia XPNOIJOTIoIoUVTAI VIO TNV EVVOIOAOYIKN
avaTtTapacTacn OEO0UEVWV.

Opiletai To 1976 atrd Tov Prof. Peter Chen “The Entity-Relationship
Model--Toward a Unified View of Data, ACM Transactions on
Database Systems, Vol. 1, No. 1, March 1976, Pages 9 — 36"

‘Eva gpyaleio To otToio £mMTPETTEI O€ £va oxedlaoTh (designer) va

EKQPAOEI TIC AOYIKEC 1010TNTEC MIAC BAong dedoNEVWY O€ Eva KOBOAIKO
oXnua.

Mia dlaypapUATIKI) TEXVIKN OTTOU TA AQVTIKEIMEVA KAl Ol KAVOVEG PIAG
epapupoyneg mapouoialovral cav OvroTnTeg, LXE0€IG, Kal 1016TNTEG.

Ap X. Kapavikag 8



Entity-Relationship Model

@a ava@epBoupe oe autd Ta diaypdupaTa we Aidypaupa OvToTATWY
2uoxetioewv (AO2) N ER Diagram (ERD)

YT1rapxouv 01d@opol (6uolol) cuuBoAiouoi ol oTToiol
XPNOIMOTTOIOUVTAL. 2TO NABnua (epyaacicg, eCeTAOEIC, KTA) Oa
XPNOIMOTTIOINOOUME TNV onueloypagia (notation) Twv diagaveiwy.

[TapaAAayEg TETOIWY OIQYPANUATWY XPNOIWMOTIOIoUVTAl O€ dlagopa
EMTTOPIKA €PYOAAELia yIa TNV AVATITUCN BACEWV OEQOUEVWV.

Ap X. Kapavikag 9



TTapadeiypya COMPANY Database

3.2 An Example

I this section we describe an example database, ealled coOMPANY, that serves to [llustrate
_sthe B model concepts and their use in schema design. We list the data requirements. .
for the database here, and then we create its conceptual schema step-by-step as we intro-
duce the modeling concepts of the En model. The coOMPAnY database keeps track of a
_company's employces, departments, and projects. Suppose that, after the requirements
colléccion and analysis phase, the database designers stated the following description of

the "miniworld” —the part of the company to be represented in the database:

1. The company is organized into deparuments. Each depattment has a unique
name, a unique number, and a particular employee who Inanages the departinent.
We keep track of the start date when that employee began managing the depart-

- ment. A department may have several locations.

2. A departiment controls a number of projects, each of which has a unlque naine,
a unique number, and a single location. . '

3. We store each employee’s name, social security number, address, salary, sex, and
birthdate. An employee is assigned to one depattment but may work on several
projects, which are not necessarily conttolled by the same departmént. We keep
track of the humber of hours per week that in employee works on each projece.
We also keep track of the direct supervisor of each employce.

4. We want to keep track of the dependents of each employee for insurance pur-
poses. We keep each dependent’s name, sex, birthdate, and relationship to the

cemployee.

Figure 3.2 shows how the schema for this database application can be displayed by
means of the graphical notation khown as Er diagreams. We describe the process of detiv-
ing this schema from the stated requirements——and explain the b diagraminatic nota-
tion——ns we introduce the B model concepts in the following section.

Ap X. Kapavikag 10



TTapadeiypya COMPANY Database - AaiTihoeic

OewpnoTe TIC akOAouBec ATTanTAo€IG (Requirements) piag uttoBEeTIKAC
Baong COMPANY vyia Tnv otroia TTpETTEl va KAvoupe TNV EvvoloAoyIKN
2xediaon:

0o H COMPANY opyavwvetal o€ DEPARTMENTSs. K&Be department £xel
Ta akOAouBa 1redia: name, number kal E&va manager 1Tou diaxeipideTal
10 department, start date Tou department manager. Kab6e department
MTTOPEI va €xel TTOAAQTTAG locations.

0 KadBe department sAéyxel Eva apiBuo amé PROJECTs. KdaBe project
EXEI Eva povadIikdé name, povadiké number kai BpiokeTal o€ pia JOvo
TotroBeaia (location).

Slide 3- 11



TTapadeiypya COMPANY Database - AaiTihoeic

o [a kG6e EMPLOYEE atmrobnkeuoupe 1o social security number (SSN
— TaUTOTNTA), address, salary, sex, kai birthdate.

= KadBe employee douAcuel yia éva department aAAG utTopei va
gpyadeTal TTavw o€ TTOAAG projects.

= [1a kaBe project kataypdagoupe Tov xpoévo (number of hours per
week) Ta oTToia aglEpwveEl Evag employee TTAvw o€ KABE project.

» ETTiong kataypagoupe Tov rpoioTdpevo (direct supervisor) kd0e
employee.

o KdaBe employee utropei va £xel Eéva apiBuod amd E¢apTwueva
(DEPENDENTS), dnA., TTaidid. IN'a kabe depend, kpaTtouue T0O name,
sex, birthdate, ka1 Tov TUTT0 TNC OX€0ONC (relationship) ue Tov
employee.

Ap X. Kapavikag 12



EvvoioAoyiki Zxediaon -
AmoTéAeopa: Aidypappa ER

ey o Crame
@@

- /

| EMPLOYEE | Start datd) < Number_of_employees:—] DEPARTMENT |

1
M
PROJECT

Supervisor Supervisee
DEPENDENTS_OF

N

DEPENDENT

({@ Relatlonshlp
Figure 3.2

An ER schema diagram for the COMPANY database. The diagrammatic notation
is introduced gradually throughout this chapter.
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Evvoiec ER Model

s Ovrotnteg (Entities) kai 1816TnTEG R XapakTnpioTIKA (Attributes)

= OvtétnTEG (Entities) eival ouykekpipeéva avTikeigeva f Tpaypata
oTO mini-world TTou avatrapioTavTal oTn PAacn 0EOOUEVWV.
= [a mapddeypa the EMPLOYEE John Smith, the Research DEPARTMENT,
the ProductX PROJECT
= 1016TNTEC (Attributes) xpnoiuoTrolouvTal yia va TTEPIYPAYOUV Hia
ovToTNTA.
= [a Tapddeiypa an EMPLOYEE entity may have the attributes Name, SSN,
Address, Sex, BirthDate
= Mia ouykekpipévn ovotnTa Ba £xel pia TIPn yia KABe Eva aTro Ta
XAPAKTNPIOTIKA TOU (1010TNTEC).
= [a Tapddeiyua a specific employee entity may have Name="'John Smith',
SSN='123456789', Address ='731, Fondren, Houston, TX', Sex="M',
BirthDate="09-JAN-55*
= KaBe xapaktnpioTiko €xel pia kaBopiopévn TiUA (value set n TUTTO
doedouévwy data type) TTou ouvdéovral ps auTo TT.X., integer,
string, subrange, enumerated type, .

14



Tumor XapakTnpioTikwy (Types of Attributes)

= AmAd 3 MovoTtiua (Simple)
= KaBg entity £xer pia atrAf Tiun yia Tnv ouykekpiuévn attribute. MNa
TTapadeiyua SSN="123456" or Sex="M".
= 2UvBeta (Composite)

= [0 XAPOKTNPIOTIKO UTTOPEI va ATTOTEAEITAI ATTO dIAPOPA OTOIXEIa.
[la TTapadeiyua:
= Address(Apt#, House#, Street, City, State, ZipCode, Country),
n
= Name(FirstName, MiddleName, LastName).
= H oUvBeon ptropei va dnuioupynaoel pia igpapyia 6Trou KATTola

XAPAKTNPIOTIKA €ival Kal autd ouvOeta (autd Ba TTpéTrel va
QATTOPEUYETAI)

= Me moAAaTTAR TipR (Multi-valued)

= Mia ovtoTnTa PTTOPEI VO £XEI TTOAAEG TIMEG VIO TO XAPOKTNPIOTIKO.
[a TTapadeiypa, Color of a CAR {Red, white} or Degrees of a
Person {BSc, MSc, Phd}

15



TTapddeiypa evoc ouvBeTOU XAPAKTNPIOTIKOU
(composite attribute)

Address
Street_address City State Zip
Figure 3.4
A hierarchy of Number Street Apartment_number

composite attributes.
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Tumor OvroTATwy (Entity Types) kal
XapakTtnpioTikd KAeidi (Key Attributes) (1)

s O1 ovioTnTeg (entities) pe 1a idia BaoIKA XApAKTNPIOTIKA OUAdOTTOIOUVTAl
o€ £va TUTTO ovToTNTAC (entity type) dnA. oxriua r} dour) ovroTnTac.
= [a mapddeyua, the entity type EMPLOYEE and PROJECT.

KaBe ovtotnta MPENEI va €xel éva xapaktnploTIKOG To OTT0io Ba pag
emMITPETTEI va TO avayvwpifoupue MONAAIKA.

= 'Eva XapakTtnpioTiké o€ €va TUTTO OVTOTNTAG YIA TO OTTOI0 KABE ovToTNnTA
TTPETTEI VA EXEI I MOVADIKN TIMA OVONACZETAI XOPAKTNPIOTIKO KAEIDI
QuUTOU TOU TUTTOU OVTOTNTAG.
= [ammapddeyua, SSN of EMPLOYEE.

17



Tumor OvroTATwy (Entity Types) kal
XapakTtnpioTikd KAeidi (Key Attributes) (1)

= 'Eva KA&Idi xapakTnpIoTIKO UTTOPEI va gival oUvOEeTO

= VehicleTagNumber is a key of the CAR entity type with
components (Number, State).

= Evacg 1UTT0C OVTOTNTAG MTTOPEI VA EXEI TTEPICAOTEPA ATTO £va KAEIDIA.

= The CAR entity type may have two keys:

= VehicleldentificationNumber (popularly called VIN) ApiBudg
[MAaiciou auToKIVATOU.

= VehicleTagNumber (Number, State), ApiBudcg MNivakidag Tou
QUTOKIVITOU.

m  KdaBe kA<Idi ival uTToypaUUICUEVO.

18



KAgid1a (Keys)

= YTmrepkA€1di (Super Key): Otroioodn1TOTE CUVOUACHOG
XAPAKTNPIOTIKWY TTOU hJovadikd kaBopilel pia ovrotnta 11.X., Name
and SSN, Name and StudentID,

= Ymrown@io KA£1di (Candidate Key) cival éva eAGXI0TO UTTEPKAEIDI
m.X., SSN and StudentlD

s MpwTtevwv KAe1di (Primary Key) cival €va atmd 1a utropn@ia KAEIdIa
(SSN)

=  EVOAAOKTIKG KAEIOIA €ival Ta evaTTOPEiVavVTa uTTOWPR@IA KAEIDIA. TO
TTPWTEUWV KAEIDI €ival UTTOYPANMIOUEVO, T EVOAAOKTIKA KAEIDIA Eival
over-lined

Ap X. Kapavikag 19



Eugpavion evog TUTTOU ovTOTNTAC O0TO S1dypappa

= 2710 ER diaypdapuara, Evag TUTTog ovioTntag (entity type) epgavileral
ue opboywvio oxnua.
= [a XapakTnploTIKA N 1010TNTEC (attributes) epgaviovral og oAA
oxnua
= KdBe xapakTnpIoTIKO CUVOEETAI E TOV TUTTO OVTOTNTAG TOU.

= Ta oUoTATIKA (XOPAKTNPIOTIKA) TOU OUVOETOU XOPOAKTNPIOTIKOU
ouvOEéovTal JE TO OBAA TTOU QVTITTIPOOWTTEUEI TO OUVOETO
XAPOKTNPIOTIKO

s Kd&Be xapakTnpIoTIKO KAEIDI €ival UTTOYPAUUIONEVO

= XapaktnpioTIKA TToOAAaTTAWYV TipwVv (Multivalued attributes)
gp@aviovTal he dITTAG OAA

20



Tumoc¢ ovroTnTac CAR pe 0Uo KA€101d Kal €va

avTioToiXo auvoAo ovToTATWY (entity set)

(a) Figure 3.7
The CAR entity type with two
: _ key attributes, Registration and
@ Vehicle_id. (a) ER diagram
notation. (b) Entity set with
CAR three entities.
(b) CAR
Registration (Number, State), Vehicle_id, Make, Model, Year, {Color}
4 CAR, A

((ABC 123, TEXAS), TK629, Ford Mustang, convertible, 2004 {red, black})

CAR,
((ABC 123, NEW YORK), WP9872, Nissan Maxima, 4-door, 2005, {blue})

CARs
((VSY 720, TEXAS), TD729, Chrysler LeBaron, 4-door, 2002, {white, blue})

21



2.0voho OvtoTATwy (Entity Set)

KaBe Tutrog ovrotnTac (entity type) 6a €xer pia cuAAoyn atrod
OVTOTNTEC TTOU €ival atrodnkeupéva atn Baon dedouévwy Kal Ba
ovouadletal 2UvoAo ovtoTATWYV (entity set)

To 20voAo OvTIoTATWV gival N TpExouca katdoTtaon (current state)
TWV OVTOTATWY auToU TOU TUTTOU TTOU £ival attolnkeupéva otn Baon
OEOOUEVWV.

22



ApXIKOC axediaodog Tumwy OvtoTATwy (Entity
Types) yia Tnv COMPANY Database Schema

=  Me Bdon TIC aTTAITACEIC, NTTOPOUNE VA TTPOCDIOPIOOUNE TECOEPIC
APXIKOUC TUTTOUC OVTOTATWY OTn Pacn dcdopévwv COMPANY:

DEPARTMENT
PROJECT
EMPLOYEE
DEPENDENT

NN

23



TUmoc OvroTtntac: DEPARTMENT

Mpodiaypaen I: Kabe Department £xel Ta
akoOAouBa 1edia: a) Movadikd Name, )
Movadiké Number kal éva y) Manager 1Tou
diaxeipileTal To department, 8) Start date Tou
department manager. Kabe department
UTTOPEI va £Xel €) TTOAAaTTAd Locations.

n Number

C() Name ::' )NumbPr

:T:*-. .-' ) -
E) Lc::cal ons, [ DEPARTMENT —y Manager _’l

[MAg16TIHO 6)~-.__'3‘|_a"agef start d_a_ig_,
(Multivalue)
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TUmoc OvrtoTtnTac: PROJECT

Mpodiaypaen ll: a) Kabe department eAcyyer
gva apiBué amré PROJECTs. B) Kdabe project
EXEl Eva povadikdé name, y) Hovadiké number
Kal BpioKeTal o€ hia &) uovo TOTTOBECIa

(location).
5) 'f.'_'_'___l__o-c:at|or:1___":;___?_ N
) PROJECT

"i?r-;(—;’?_”"_ml“”‘g_deparirllej t >

Ap X. Kapavikag 25



Tumo¢ OvtoTnTac: EMPLOYEE

Mpodiaypaen llI: MNa kaee EMPLOYEE
atroBnkevouple To a) social security number (SSN —

TauToTNTA), B) address, y) salary, 8) sex, Kai €) birthdate.
» KadBe employee () douAevel yia éva department QAAQ PTTOPEI
va n) gpyaderal rTavw o€ TTOAAAQ projects.

* 0) Na kKAbe project KaTaypd@ouue Tov Xpovo (num of hours per
week) Ta oTroia agiepwvel Evag employee TTdvw o€ KABe project.
* 1) ETrion¢ kataypd@oupe Tov TTpoioTduevo (direct supervisor)
KGBe employee aAAd Kai To Ovoua Tou Employee

2 UvBeTO
(Composite) ——— e _01). _02)
) (_Fname ) I Mnnlt )( Lndme 6:2 ) F’rcject l' Hours )
— __._%%-\ :I_ ‘f{-——_ — ( e ;'— — i
3 . < a) /“‘—“\ [MAgiéTIpO &
METG arro -QK) Name " ../'_—‘L"‘m ,@ TN Works 031) D — S 6“
OUVEVVONOT HE TOV ~4 §i"_--~" ff’? ) > UvBeTo
TeAATN (apoU dev Q) oepanmenu_ N\ |/ _— ’gupm,wq (Multlvalge &
ATAV aPXIKA — _ EMPLOYEET "—\1 Composite)
armaitnon va eivai Ef)-?_'"h—d?.‘-‘? Af'ﬂ‘_’“

ouvBeTO)
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TUmoc OvroTntac: DEPENDENT

Mpodiaypaen IV: a) Kabs employee ptropei va
EXEl Eva apIBuo amd ESapTwpHeva
(DEPENDENTS), 0nA., TTaidiq.
['la KaBe depend, KpaTtoupue 10 B) hame, y) sex,
0) birthdate, kai €) Tov TUTTO TNC OXEONC
(relationship) pe Tov employee.

N N | iy
(_Birth_date) (_Sex ) ( Employee )
e R
(_Relationship < ( Dependent_name.)
———— | DEPENDENT || ——
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ApXIKOC oxediaopoc Tumtwy OVTOTATWYV:
EMPLOYEE, DEPARTMENT, PROJECT, DEPENDENT

Figure 3.8

Preliminary design of entity
types for the COMPANY
database. Some of the
shown attributes will be
refined into relationships.
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TeAgioTroinon Tou dpxikoU oxedidopou,
glodayovtag TiI¢ ouaxeTioelg (relationships)

s O apyikog oxedlaouog TUTTIKA Ogv gival TTARPNG

. MEXpI Twpa €idAUE TTWES UTTOPOUNE VO AVATIAPACTHOOUUE TIG
OvTéTNTEG KOl TO XAPAKTNPIOTIKA TOUG O¢ £va diaypapua ER.

= Twpa Ba doUE TTWG UTTOPOUNE VO CUOXETIOOUME QUTEG TIG OVTOTNTEC
uéow Zuoxetioswyv (Relationships),
= T.X., OviotnTtec: EMPLOYEE, DEPARTMENT
= 2uoxetioeic: WORKS FOR

s Mia ZuoxETion ouvdEel OUO 1) TTEPICCOTEPEC OVTOTNTEG UE
OUYKEKPIMEVO VOnua.
= [l.x.,, EMPLOYEE lNavvnc¢ MixanA works for CS DEPARTMENT.
s TUTTIKQ, JIO CUOYXETION METAEU duo ouvOAwv A, B gival Eva

UTTOOUVOAO TOU KapTeolavou yivouévou AxB <I 2 3o

= Kapteolavo lNvouevo: A X B ={(a,b) | acA and beB} Aﬁ\ /x /,'1) x2) ();,5\
\y]un 0:2) umT
ig\en |2 ey
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2.uoxeTioelc kal TUTTOC 2ZUOXETIONC
Relationships and Relationship Types

m  2UOXETIOEIG TOU idIoU TUTTOU opadoTrolouvTtal o€ TUTTO ZUOXETIONG
= TooxAua (doun) HIag CUCXETIONG.
= [a mapddeyua, the WORKS _ON relationship type in which
EMPLOYEEs and PROJECTSs participate, or the MANAGES
relationship type in which EMPLOYEEs and DEPARTMENTSs
participate.
= 2UvoAo 2uoyeTtioewv (Relat. Set | Rela. State) 'Eva ouvoAo
OUOXETIOEWV ME TA id1A XOPAKTNPIOTIKA

= TI.X., {works for1, works for2, ...} KTA.

= O BaBuég evog TUTTOU cuoxéTiong (Degree of Relationship Type)
gival To TTANB0C TWV OVTOTATWY TTOU CUMMETEXOUV.

= Both MANAGES and WORKS_ON are binary relationships.

« 2¢& &va didypappa ER, ol ouoxeTioeic cuvdEouv ovTOTNTES
HEOW AKPWV

EMPLOYEE wc;g:s_ DEPARTMENT




2 uoxetioeic N:1
(Aaypappatiki ATeikévion pe ZUvoAa)

(OuoiaoTikd) (PAua) (QuolaoTiKd)

EMPLOYEE WORKS_FOR DEPARTMENT .
] OT1rw¢ Ba doupe

apyoTepa TTPOKEITAI
yia pia N:1 oxeon
(®dnA., ot éva Dep.
douAeuouv TToAACI
Emp. aAAa kdBe
Emp. se éva Dep.

2TIYMIOTUTTA TOU
TUTTOU OXEONG
WORKS_FOR
peTatu EMPLOYEE
kat DEPARTMENT
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2 uoxeTioeic M:N
(AaypappatikA ATeikévion pe ZUvoAa)

EMPLOYEE WORKS_ON PROJECT

OT1rwe Ba dovue
apyoétepa TTpOKEITAl
yia pia M:N oxéon
(OnA., évag Emp.
OouAceUel o€ TTOAAG
Proj. kai og éva
Proj. TToAAoi Emp.)

2TIVHIOTUTTA TOU
TUTTOU OX£EONG
WORKS_ON uetagu
; EMPLOYEE kai

' PROJECT
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2 xAua COMPANY ue Zuoxerioeic

MeAeTWVTAC TIC ATTAITAOEIG (requirements) TNG epapuoOyNAS AUTAG,
EVTOTTICOUME TIG AKOAOUOEC £E1 OUODIKEG OCUOXETIOEIG:

= WORKS_FOR (petaéu EMPLOYEE, DEPARTMENT)

+ «_.. KaBe employee doulevsl yia eva department ...»

= MANAGES (kai autr] yetaéu EMPLOYEE, DEPARTMENT)

+ «_.. KaBe department £xei ....eva manager nou diaxeipileTal To
department ...»

= CONTROLS (petaéu DEPARTMENT, PROJECT)
+ «... KaBe department eAéyyel eva apiBuo ano PROJECTs...»

= WORKS_ON (petatl EMPLOYEE, PROJECT)
+ «KaBes employee ... epyaleral navw o= noAAa projects.»
= SUPERVISION (petaéu EMPLOYEE (wG u@IoTauevog) Kal
EMPLOYEE (wc npoioTapevoc))

+ «,.KaTaypagoupe Tov npoicTapevo (direct supervisor) kabe
employee...»

= DEPENDENTS_OF (petatu EMPLOYEE, DEPENDENT)
+ «_..KaBe employee punopei va xei eva apiBuo ano (DEPENDENTS)...»
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Mia MeBodoAoyia EUpeonc Zxéang

= [lapatmpnon
= OUCIACTIKA = TUTTOI/OUVOAQ OVTOTATWYV
= PAMUATA = TUTTOI CUCXETIOEWV

1. Kataokeuaoe €va nivaka OvrotnTag/OvrotnTag (Tpiywviko)
2.  'EAeyE&e Tnv Topn kaABe oTNANG Kal ypaupne yia meavr) oxeon
3. [paye To prpa rnou NePIypapel Tn oXEoN

P®OITHTHE | MAOHMA KAGHI'HTHX
POITHTHXZ Tinota MapaxolovBei titota
MAOHMA TinoTM AldaoreTan and
KAOHI'HTHZ timota
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ER DIAGRAM - Relationship Types are:

WORKS_FOR, MANAGES, WORKS_ON, CONTROLS, SUPERVISION,
DEPENDENTS_OF

Crame™ (Wit Crame Oépara TTou 6a doupe
@@ apyorepa:
CSsn) 1.Adbyol NMANBIkéTNTAG
/ (1:1,1:N, N:1, M:N):
| EMPLOYEE | Start date E\I:L;B;a-r_;)—f-;e-n;;jié;/éés——' DEPARTMENT | z'nspIOPIGNOi
"""""""""" 2UMMETOXNAGS (DITTAEC Kal
\ HOVEG YPAUHEG)
@ 3.Ac00eveic OvTOTNTEG
PROJECT (OVTO’Tr]TEQ ME 6|T|')\ég

Supervisor Supervisee h
N d/ YPAUE)
DEPENDENTS_OF

[MpooégTe OTI HEPIKA

N XOPOKTNPIOTIKA TWV
[DepENDENT | APXIKWV OVTOTATWYV £XOUV
METATPATTEI OE OXEOEIG.
Figure 3.2 [Noia €ival auTaq;

An ER schema diagram for the COMPANY database. The diagrammatic notation
is introduced gradually throughout this chapter.
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Aidypappa ER pe ZuaxeTioeic (MvwpiopaTa
TTOU AvamadpIoTWwVTdl WG 2X£E0€IC)

T T - g -
({ Mama) w-mber‘ (_Frame 3 Minit ) I':_Lnarnu )

\Local»onn_)'—l DEF'ARTMENT }— Magg cf)

c.___hjiiagm_.r.taﬂ__*.)

o - S

». e

=y
(: Eldme > C Name I(ﬁ.ddrass} SaJar‘_f
—_

B Nanfe:\_ "_fl;iumbé:'_}
\_E_oc:-mm x_{ P
FROJECT

< Controling{epariment =
-hh__‘—_—‘_‘_,-'-’-

Superwmr /

T

-"‘) __Location )

[ Address )
—

— ‘/"_‘\_‘ . _. I - - o
l.\_Blr-.h_dan) [ Sex y. .\_Empl "; __ Birth_date ¢ f Relatons hup ™

) — T 7 - e —— —_—
{:’Relatianshipl;s—-lv—;_k Dependent_name \3
—_— — =

. DEPENDENT |

se. The diagrammatic nofation

36



AvadpopIKOC TUTTOC 2UOXETIONC
(Recursive Relationship Type)

* AvadpoMikog Tutrog ZuoxETIoNG: 'Evacg TUtTog

OUOXETIONG O OTTOIOC £XEI TOV id10 TUTTO OVTOTNTAG O€ ETTI

HEpoOug pOAouUg
* M.Y., n ouoxétion SUPERVISION, émou EMPLOYEE
OUMMETEXEI DITTAG O€ £TTi HEPOUG POAOUC:
— 1) supervisor (or boss): poAo¢ TTpoioTauévou
— 2) supervisee (or subordinate): p6Ao¢ upioTduevou

EMPLOYEE SUPERVISION

Yxeon = ( MpoioTapevo,

) - — Y@IoTdpEVO )
g — ————a \ ri=(ed,e)

fl‘I ! ';_I:-;q_._.“ l r2 (e1 92)
o e |___3 ' r3=(e1,e3)
T N e r4=(e5,e4)
N -~ ro=(e4,60)

L R ré6=(e4,e7)
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Avadpoliko¢ TUTTOC 2UOoXETIONG
(Recursive Relationship Type)

« AlaypappaTiki ATTEIKOVION AVadpoMIKAG ZXEoNG :
— supervisor (or boss): poAo¢ TTpoicTaNEVOU
— supervisee (or subordinate): pOAOC UQICTAEVOU

( Fname C Minit " Lname x

- — e -

(_ Bdate ) (_ Name ) (Address ) (_ Salary )

TS\ L/ CSex
1 Emp.
OleuBuvel N \V/
Employees = TS \ 1 Emp.
\ dleuBuveTal ATTd
f 1 Employee
Supervisor, L \swonises 4
- AT 7

* H pnm avagopd oToug £TTi gEpoug poAoug sival atrapaitnTn yia va gival LekaBapn n axéan
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AoBeveic Tumol OvToTATWY
(Weak Entity Types)

« Aocfevnc OvroTnTa (Weak Entity): Mia ovToT

TQ N oTTOid
Oev EXEl KAEIDI.

« AUTEC 01 ovTOTNTEC OpidovTal ATTO KATTOI0 AAAO TUTTO
OVTOTATWYV (TOV TTpoodiopifovTa — owner entity type).

* 2UYKEKPIMEVA, opidovTal atTd TOV AKOAOUBO CUVOUQCO:
— 'Eva pepiko6 KA€1di (partial key) TnC aogBevic ovTOTNTAC
— To (TTpwTeUWV) KA€IBI TOU TTpOoCdlopifovTa
 Mapadeiypua:
— H ovioTnTa DEPENDENT opileTal atmd 10 dependent’s

first name, kai 70 kA£16i Tn¢ oxéon¢ EMPLOYEE (ue
Tov oT1roio/a cuoxeTieTal n/o DEPENDENT)

+ (EMPLOYEE.SSN, DEPENDENT.Name) yivetail To KA£I0i TNG
oxéonc DEPDENDENT
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AoBeveic Tumol OvToTATWY

(Weak Entity Types)

<<_ DEPENDENTS OF >>

["EMPLOYEE |

..N

DEPENDENT |

H aocBevnc
ovToTnTa
DEPENDENT

KAe1i
DEPENDENT:
(Emp.SSN, Dep.Name)
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TTeplopiopoUC OTIC OUOXETIOEIC
(Constraints on Relationships)

= Adyog INARBoug (Cardinality Ratio) (specifies maximum participation)
KaBopilel Tov apiBuod oTIyHIOTUTTWY TS CUOXETIONS OTA OTTOIA MIA
OVTOTNTA UTTOPEI VO OUMMETEXEL.
= One-to-one (1:1) r.x., 1 TuAua £xel 1 MNpdedpo
= One-to-many (1:N) 1.x., 1 Mntépa €xel N MNaidid
= Many-to-one (N:1) 1r.x., N MNMaidid £€xouv 1 MnTépa
= Many-to-many (M:N) 11.%x., M YTTGAAnAoi douAeuouv o€ N projects

= [lepropiopoi ZUuppETOXNG (participation constraint)(specifies
minimum participation) opilel TNV EAAXIOTN CUUPETOXN MIAG OVTOTNTAG
o€ MIa oXEan.

= zero (optional participation, not existence-dependent)

Mepikn Zuppetoyn (Partial): KAMOIA n KANENA coToixeia piag
ovTOTNTAG A OUCXETICOVTaI PE TNV OVTOTNTA B

= one or more (mandatory participation, existence-dependent)

i *  OAikn) Zuppetoxn (Total — Existence Dependency): KAGE
OTOIXEIO MIAG OVTOTNTAG A CUCXETICETAI UE TV OVTOTNTA B
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Avayvwon ER pe AopikouUc TTepiopiopoUc
(H Epwrnon TouAdxioto / Méxpt)

Y <.

X

HEXPI

_a X
- “-"_. EXPI

Y

S

Epwrtnon TouAa

xio1o (At least)

» Movi) MFpappni => TouAdyioTo 0 (Sev avagépeTal)
* AITTAR Fpappni=> TouAdyxioTo 1

2nueiwon: MANTA diaBdloupe Tn ox£0n Kal TTPOG TIG dUo KATEUBUVOEIG

Y TouAdyioto

P

Epwtnon Meyp1 (At-most)
X:1 => Méyp! 1

x:N => Méxp1 N.

* 10 X utrodnAei TO OTIBNTTOTE

C Foams D

. Bdate )

Minit ) { Lname

Mame 3 ( Address 3 ( Sal

""J'--.-.

C Ban CSex > - -~ “Locations 5
— ST wWOoRKS_FOR T I
) - il — _ Mas _ PMumitegr
[ EmPLOYEE | Start_date) Murmber_ol_smployess,——| DEPARTMENT |
- S [ " _ = - __1 — = = — d o -
= MANAGES — CONTROLS
= B - T
m M e N Ll
. T WORKS_ON 3 f PROJECT
Suporvieor | Suporvisee 4 — - e
1T SUPERVISION N __Moame i i
S - e S e C_ Loocation
< =. DEPENDENTS_OF > (. MNumber - )

DEPENDENT

date 3

P

* AoKINGoTE
dlapdoeTe
oiaypapy

vad
TO
a
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XdpakThp!1oTIKA o€ TUTTOUC 2UOXETIOEWV

Mia guoxETiIon JTTOPET va @EPEI DiIAPopa YVWPICUATA:

— TlL.x., Hours otn cuoxémion WORKS_ON 10 otr0i0 TTEPIYPA@El TTOOEC
wpecg OouAcevel évac EMPLOYEE o g’va PROJECT.

: . M S N .
L_EMPLOYEE ———=7 WORKS ON = 1 PROJECT |

>TIC TIAEIOTEC TTEPITITWOEIC, TA YVWPIOUA EUPAVICOVTAl OTIC
M:N ouoxeTtioeic. IMNari;
— AIOTI OTIC UTTOAOITTEC TTEPITITWOEIG MTTOPEI VO METAQPEPDBEI TO yVWPICHA OE
KATToIa A1Td TIC OVTOTNTEC ME TNV aKOAoubn Aoyikn
« A) 1:1. To yvwpIoua PTTOPEI va METAPEPOET TTPOC OTTOIABNTIOTE ATTO TIC
OUO OVTOTNTECG TTOU CUMMETEXOUV (TTRPOTIMOTEPO TTPOC OAIKI| CUMMETOXH)
+ B) 1:N, N:1. To yvwpioua ptropei va petagepBei mpog 10 N pEpoC TG
CUCXETIONC.

EMPLOYEE | | oePnmTMENT |

e 1 - ” M N F
=l MANAGES

"
e
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2. XEOIAKO 2. XAud

(6Twce Ba opioTei oe epxopevec dIaréCeic)

Inueiwon: Aev xpeidleTal va KATaAdBETE AKOPN TTWE AKPIBWE TTPOEKUYE TO TTIO
KATW ZXE0IAKO ZXAua. ATTAG TTapaTnPACTE TNV OXECT TWV YVWPICHATWY METAEU
Tou ER diaypduparog (apioTepd) Kal TOU ZXECIAKOU ZXAMATOC (Oe€Iq).

-
C
p —
=ea ;a - = h 4 l:':_ Locawons __“:?n
. WORKS_FOR - T
S A~ . O Name Mumbgr
pa Y —
o =, ~ .

. _r-imiw_u-'_omployw_-.-';—] DEFARTMENT B )

e = 14
> . o oo
-, - oy
MANAGES = "'_...C-ONTHCI 5
e T ) P
\ N P
' N M S N L
- [ \ e . WORKS ON J:i PROJECT E!
Supervisor | T |\ Superesee S L~ 7
,v‘ o~ : e - | P = - -~ - - _.'/ _./-
| & SUPERMISION 3N = o E) ( Mame § |
~. - L — — (_Location )
~~" << DEPENDENTE_OF _>> ( Humber ) =———
_-"-..\.“-. f“ﬁ'
. e
g -
o
+
N
7 | DEPENDENT |
—— I ——
::_ HName " Gax :_:! i___ Blrh_ualc_:} ::_'_-__Rc‘»:l.'-t\-nsl'lp__-_',"-

EMPLOYEE

1 Faame I Minit | Lrarma | 50 | Bdale | Address | Sex | Salary | Supnr_mrl Dno |

DEPARTMENT
| Drare | Drumber | Mor ssn | Mor stan date

DEPT_LOCATIONS

[Durbe | Dootr

FROJECT
| Prame l Framber | Plocason

Dnum

WORKS_ON
| Esso [ Pro | Hous

DEPENDENT

[ Essn | Depordont nimo | Sex | Bdate | Reaionshp
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TTepiAnyn Tnc onuesioypawiac (notation) yia 1o

ER didypappa

Figure 3.14
Summary of the
notation for ER
diagrams.

(min, max)

Meaning

Entity

Weak Entity

Relationship

Indentifying Relationship
Attribute

Key Attribute

Multivalued Attribute

Composite Attribute

Derived Attribute

Total Participation of £, in R

Cardinality Ratio 1: N for E{:E, in R

Structural Constraint (min, max)
on Participation of Ein R
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2 UOXETioeIC ynAoTepou Padpou

= Tutrol cuoxetioewyv Baduou N
s 2-0v10TNTEC — dUadIKA (binary) ocuoxETion
= 3-0v10TNTEC — TPIAdIKN (ternary) cuoxETion

= N-oviotnTeg — N-adIKA (n-ary) ouoXETion

= H ouoxétion SUPPLY opilel 1 PARTSs 1rpounBevel évac SUPPLIER
oc ¢éva PROJECT (kail o€ TI TTOOOTNTEG)

Sname Quantity ,p'(:. name

supPuER |—< supPLY >—— PROJECT

PART
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2 UOXETioeIC ynAoTepou Padpou

m  2E YEVIKEC YPOAUUEG, pia N-ary oxeon d¢gv €ival Icoduvaun HE n-
OUAOIKEG OXETEIG.

= [leplopiopoi gival TI0 QUCKOAO va KaBopPIoTOUV YIA TIGC OXECEIC
upnAOTEPOU BaBuou (N> 2) atrd Ot yia TIC QUADIKEC OXETEIG.

m 2E YEVIKEC YPOAUUEG, 3 OUADIKEGC OUOXETIOEIC UTTOPEI va TTAPICTAVOUV
OIAPOPETIKEG TTANPOPOPIEC ATTO OTI UIA TPIUEPK) CUCXETION.
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2 uoxeTioeic YynAoTtepou BaBuou
(MeTaTtpomh o Auadikéc 2ZuoXeTioelg)

MeTaTtpoTrl o€ NMOAAATTAEC AUAOIKEG ZUOYETIOEIG
— MoAAa gpyaAsia povreAoTTOINONG ETTITPETTOUV HOVO
OUADIKEG OUOXETIOEIG

A. l'a va gival EUKOAOTEPO VA EKPPACTOUV Ol DOMIKOI
mTepIopIoHoi (ONA., Adyol NANBukdTNTAC, TTEPIOPIOUOI
OUMPETOXNG)

B. AIOTI OV UTTAPXEI KATTOIOC TTPOTUTTOTTOINHEVOS TPOTTOC
HETAPPOAONC MIAC N-adIKRE CUCXETIONG O OXECIAKO
oxnua

— Karti T€1010 OPWC BEAEI TTPOCOXN OIOTI TO ATTOTEAECHA
utropei va MHN eival Aoyikda i1coduvapo

* T1.X., OEC ETTOUEVO TTAPADEIYHA
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TTapadeiypa TpiadikAC 2UaXETIONG
(n-adikn <> n Auadikéc)

- (supplier, part.pro}ect} —
' SE_T“ ) Ay (Sary)
(a) SUPPLER |—< é.uaptv > PROJECT METGTpO'ITﬁ ot 3
P_“j\ OUABIKEC OXETEIC
PART
MeTaTpOTY, , 2 ,
P D I OXI Aoyikd
SU pply o€ (" Srame ) ("Proj_name) -
ovTOTHfia I A lgoduvapa
[ supPuER | x"_:“?.l.,lF'PLII.-:%_'_;} { PrOJECT | “Yrrapén (supplier, part)
=" ”J\ - /h” oTo (b) &ev onpaivel 6T
< AN SUP‘FLY | | < uses > utrdpxel (supplier, part,
/\OYIK (supplier, part) < i,._ F“—"f ""“mgf"' project) evw aTo (a) sivai
looduva ~ymwE pNTO.

O ki ly :::E"}J n-m_E;]

[ SUF'FH.IER 1(( s>\-—{[ SUPPLY ”x—(r{s‘

¢ “Part o N << 5'?/ (supplier,part,project)

N —
M,

h PART
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EpyvaAcia MovTeAomoinong Asdopévwy

YTTap¥xel Evag HEYAAOC ApIBUOC EPYAAEIWY TTOU
XPNOILJOTTOIOUVTAI YIA TNV EVVOIOAOYIKK oXediaon Kal yia
TNV HETATPOTTIN TOU OXEDIOU OTO OXECIAKO OXNHA.
OETIKA:

— EmTayuvouv tnv diadikacia avdtrTugnge HEOW YPAPIKWYV
TTEPIBAAAOVTWYV AVATITUENC.

— EMITPETTOUV TNV AUTONATI AVATITULN TOU TEAIKOU OXECIOKOU
oxnuaroc (forward engineering)

— EMITPETTOUV TNV QUTOHATN AVATITULN TOU EVVOIOAOYIKOU OXNHATOG
atmo 10 oxeolako oxnua (backward ) reverse engineering)

APNHTIKA:

— Agv UTTAPXEI KOIVI) OnUEIoypa®ia AVAUETA OTA EpYAAEia Ue
ATTOTEAECHUA VA ATTAITEITAI XPOVOC £COIKEIWONC.

— Ta TePIooOTEPA EPYAALIT ACIOTTOIOUV HIO OXECIOKN
avamapaocTaon TNS TTAnpo@opiac avTti TNG o agaipeTikng ER
TTPOCEYYIONG.
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Kamoia EpyaAcia

COMPANY TOOL FUNCTIONALITY
Embarcadero ER Studio Database Modeling in ER and IDEF1X
Technologies DB Artisan Database administration, space and security

management

Oracle Developer 2000/Designer 2000 | Database modeling, application development
Popkin System Architect 2001 Data modeling, object modeling, process modeling,
Software structured analysis/design

Platinum Enterprise Modeling Suite: Data, process, and business component modeling
(Computer Erwin, BPWin, Paradigm Plus

Associates)

Persistence
Inc.

Pwertier

Mapping from O-O to relational model

Rational (IBM)

Rational Rose

UML Modeling & application generation in C++/JAVA

Resolution Ltd.

Xcase

Conceptual modeling up to code maintenance

Sybase

Enterprise Application Suite

Data modeling, business logic modeling

Visio

Visio Enterprise

Data modeling, design/reengineering Visual Basic/C++
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UML class diagrams

Represent classes (similar to entity types) as large
rounded boxes with three sections:

= Top section includes entity type (class) name
= Second section includes attributes

= Third section includes class operations (operations are not
in basic ER model)

Relationships (called associations) represented as lines
connecting the classes

= Other UML terminology also differs from ER terminology
Used in database design and object-oriented software
design

UML has many other types of diagrams for software
design

52



UML class diagram for COMPANY
database schema

Figure 3.16
The COMPANY conceptual schema in UML class diagram notation.

EMPLOYEE 4* WORKS FOR 1.1 DEPARTMENT Multiplicity
Name: Name_dom - = — Name Notation in OMT:
Fname ey o1 Number 1.1
Minit - ; —1 add_employee ® 0
Lname I number_of_employees O 0.1

gznt Dat MANAGES change_manager 0.*
ate: Date
Sex: (MF} Start_date s <>
Address 1 * 1.1
Salary =
age . 1.
change_department ) CONTROLS LOCATION
change_projects supervisee | |WORKS_ON Name
- Hours 11
Dependent_name || 0..1 1.7 * )
? supervisor PROJECT
0.*
Name
DEPENDENT Number <>
S?X: {MF} add_employee Aggregation
E'rltht—.datif Date add_project Notation in UML:
leniohisinl]y change_manager
CHAnge-Manas Whole K>—{ Part |




TTepiAnyn

= Baoikeg evvoleg ER povreAou
= Ovrotnteg (Entities) and 18161NTeC (Attributes)
= TuTtrol ovrotTWy (Entity Types) kai KAc1dia (Key Attributes)
= 2uoxeTioelg (Relationships) kai TUtrol ZuoXeTioewv

= ER didypappa yia 1o 2xnua COMPANY

= EvaAAakTIK Xprion ypa@ikwy ocupBoAwyv — UML class
diagrams, KATT
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