Sémantika — vyznam; valid — platny;
integrita — celistvost’ a konzistentnost’ — ddslednost’ bez protireéeni, anomalii;

2.1 DATA MODELS, SCHEMAS, AND INSTANCES

A data model

- is the description of the structure of data, their types, relationships
and constraints by providing the definition and format of data

- provides the necessary instruments to achieve the data abstraction -
how the symbols and concepts relate to the real world hiding the
physical storage structure and parameters

- most data models also include a set of basic operations for specifying
retrievals and updates on the database.

Conceptual, logical and physical data models are phases in designing
a successful database application using different levels of abstraction.

Conceptual and logical data models use concepts such as entities,

attributes, and relationships:

- an entity represents a real-world object or concept, such as an
employee or a project, that is described in the database

- an attribute represents some property of interest that further
describes an entity, such as the employee's name or salary

- arelationship among two or more entities represents an association
among two or more entities, for example, a works-on relationship
between an employee and a project

- adomain - the combination of type and constraint that defines the
set of possible values of an attribute.

Feature Conceptual |Logical |Physical
Entity Names v v

Entity Relationships v
Normalization

Attributes

Primary Keys

Foreign Keys

SNININ SN NN

Table Names
Column Names

SNININIS S

Column Data Types



e Conceptual DM — is a series of assertions about the nature of an
organization that describes its semantics using entity names and
relationships based on requirements and analysis. It (should be)
independent of any particular data management technology

e Logical DM — it enriches the CM with some domain information. It
includes all attributes for each entity, the primary and foreign keys.
Normalization occurs at this level.

e Physical DM — it contains all table structures, including column
names, column data types and column constraints. It can be thought
as mapping the LM to the database model for a given DBMS.

Data model is:
1. representation/description of data — structure
e.g.. relational model — tables 5oL
semi structural model — trees, XML
2. constraints
3. operations over data DML

2.1.2 Schemas, instances and database state

In any data model, it is important to distinguish between the
description of the database and the database itself. The description of a
database is called the database schema that contains table schemas
(entities), which are specified during database design and is not
expected to change frequently. A displayed schema is called a schema
diagram.

The data in the database at a particular moment in time is called a DB
state or schema (respectively entity) instance.
We mention that
entity and entity instance
are known also as
entity type and entity.

The DBMS stores the descriptions of the schema constructs and
constraints as meta-data. The DBMS is partly responsible for ensuring



that every state of the database is a valid state - that is, a state that
satisfies the structure and constraints specified in the schema.

Relational model and data integrity
Relational model
The base construct for data representation in relational model is the
relation that consists of
- relational schema R(f1:Dq, ..., f:Dn)
- name of relation R
- names of attributes f;
- domains of attributes D;
Relational schema corresponds to the entity.

- schema instance
- table as a set of tuples (n-tica)
- table with columns and rows (in SQL)

Data integrity refers to the validity of data, meaning data in DB is
consistent and correct. It is one of the most important aspects of the
logical design of database. There are three types of integrity:

entity integrity, domain integrity and referential integrity.

Valid Values

Only allowed values are permitted in the database. For example, if a
column can only have positive integers, a value of '-1' cannot be
allowed.

Constraints of data integrity

- are rules about data that correspond to the requirements

- presents the semantic correctness.

It means that constraints of data integrity are conditions that the data
defined in relational scheme should fulfil — a database can contain
only such data.

3 examples based on 2 tables Osoba and Projekt that disturb

- the emtity/horizontal (inserting row into Osoba with existing idO),
- domain/vertical (updating a value of Cena in Project) and

- referential/cross integrity (deleting a needed row from Osoba).



Common ways of enforcing data integrity include different

constraints:

- entity integrity (row) — the primary key/unique constraint ensures
that the DB is without data duplicity, there are no two equivalent
rows

o NOT NULL constrain - columns identified as NOT NULL
may not have a NULL value.

- domain integrity (column) — the domain constraint ensures that the
values in columns are valid

- referential integrity (relationship) — the foreign key constraint
ensures the relationship reliability and validity. The relationship
between the primary key of the base table and the foreign key of
another table must be maintained — e.g. a primary key that is
referred by a foreign key cannot be deleted

o cardinality constraint of entity in a relationship expresses
the existence or necessity/absence of one type of entity in
relation to the existence of another type, i.e. the admissible
maximal (1,...,N) count of entities in the relationship.

Let A, B be two entity types. The three base relationships are:
= 1:1 - an entity from A is related to at most one entity
from B
= 1:N - an entity from A can be related to more than one
entities from B
= M:N - several entities A can be related to one B and
several entities B can be related to one A

o participation constraint of an entity in a relationship
expresses the necessity/existence of one type of entity in
relation to the existence of another type, i.e. the possible
minimal (0, 1) count of entities in the relationship.

= 0 indicates partial participation (there may be some
entities that do not participate in the relationship)

= 1 indicates total participation (each entity must
participate in the relationship)



DB design and ER (Entity Relation) Diagrams
- ziskat’ poziadavky
- analyzovat tlohu
- identifikovat’ entity
- identifikovat’ vztahy a urcit’, ¢i su typu 1:1, 1:n alebo m:n.
- urCit domény a atributy pre entity a vzt'ahy
- ur¢it’ primarne klIi¢e pre mnozinu entit
- nacrtnat’ ERD (entity-relationship diagram)
- kontrolovat’, ¢i ERD zodpoveda poZiadavkam ulohy
(- transforméacia ERD do databazového modelu pomocou DBMS)
Entita je vecny objekt, osoba, miesto alebo udalost’, ktort je mozné jednoznac¢ne
identifikovat’ v ramci ulohy.
ER model interpretuje DB/tlohu ako mnozinu entit a vztahy medzi nimi.

ER diagram
entita vzt'ah atribat

1 < > n
Pojmy

Entita (Typ entity) je mnozZina atributov, urcujtcich objekt.
Arita je pocet atribltov
KPa¢ (kI'acovy atribit) je stcast'ou jedinec. ident.
Vztah - binarny
- rekurzivny
- ternarny
- viacnasobny
Dva typy obmedzeni vzt’ahu: kardinalita a a¢ast/¢lenstvo.



Dizajn rela¢nych databdz a ER model-diagram

Pri modelovani relacnych DB dolezita tlohu zohrava poc€etnostna charakterizacia vztahu,
ktora vyjadruje, ze jednému riadku tabul’ky kol'ko partnerskych riadkov inej tabul’ky
zodpoveda. V ER diagramoch poéetnost’ mozeme popisat’ kardinalitou a i¢ast'ou. Kardinalita
vyjadruje maximalny pocet partnerskych instancii a ucast’ minimalny. Kardinalita sa zadava
hodnotami 1, n a ucast hodnotami 0, 1. Preto pocetnostna charakterizacia vztahu pri ER
modelovani je hruba. Pripominame, Ze presnejSie vyjadrenie pocetnosti mozeme dosiahnut’
napr. v menej roz§irenom Object Role Modeling pomocou frekvencie a v SQL pomocou
CONSTRAINT.

Tri zakladné typy vzt'ahov st zalozené na kardinalite

e vztah 1:1 — hovorime, Ze medzi dvomi entitami je vztah 1:1, ak indtancie jednej entity
zodpoveda jedna partnerska instancia druhej entity (v oboch smeroch). Prikladom je vztah
Osoba — Obciansky preukaz: jedna osoba ma (maximalne) jeden OP a jeden OP patri (préve)
jednej osobe. Dalsi priklad je napr. Letenka — Sedadlo.

e vztah 1:n - hovorime, Ze medzi dvomi entitami je vztah 1:n, ak instancie jednej entity
zodpoveda viac instancii druhej entity, ale vdruhom smere inStancie druhej entity
zodpoveda jedna instancia prvej entity. Priklad Matka — Dieta pozri niZsie.

e vztah m:n —v oboch smeroch ide o vztah 1:n. Prikladom je Uéitel — Predmet: jeden uditel
mdze udit viac predmetov, dany predmet mdze byt zabezpeleny viacerymi ucitelmi.

Dany typ mbzeme upresnit’ i€ast’ou, ktora ma hodnotu 1 ak ucast’ je nutna. Zial’ grafické
diagramy kardinalitu a ucast’ neoznacuju jednotne. Vztah Matka — Diet’a typu 1:n

Matka Dieta

ilustrujeme dvomi tabul’kami a Styrmi r6znymi ale ekvivalentnymi diagramami, ktoré
kardinalitu upresiiuji pomocou Ucasti. V§imnime si, Ze prva matka ma dve deti a matka
treticho diet'at’a v evidencii je nezndma.

Dieta
idD Meno idM
Matka 1 1
idM Meno 2 2
1 3 null
2 4 1
Matka [ w A Dieta - Chen
Matka 0 % Diet’a (Martin)
(0,1) 5 1,n
Matka Ma (L.n) Diet’a -UML
(1.n) 4 (0,1) .
Matka Ma Dieta - Min-Max 1SO

R6zne oznacenia kardinality a ucasti



http://en.wikipedia.org/wiki/Entity%E2%80%93relationship_model#Cardinalities

Slabé entity

Slaba entita nemoze byt’ jednoznaéne identifikovana vlastnymi atributmi — potrebuje k tomu
aj primarny kIa¢ rodica, zakladnej entity.

Budova méze mat’ byty s rovnakymi atributmi a s rovnakymi ¢islami bytu.

Preto jednoznaéna identifikacia bytu nie je mozné bez toho, aby sme ju nespojili s budovou.
Budova je zékladna entita s jedine¢nym identifikdtorom CisloDomu.

Byt je slaba entita, nema vlastny jedine¢ny identifikéator.

|
Budova ||--1) (1.n) Byt

Byty mézu mat rovnaké Cisla v roznych budovach - teda CisloBytu neidentifikuje Byt jednoznacne.

Stipendium ma dvoch identifikujucich rodicov.

a0 [T g ioondium (1.m

(1.1 (1.1)

(iamia) (ene ) (v ) (azar ) (aress)

Rozhodovania pri modelovani

1) Nahrada (resolution) viachodnotovych atribdtov

‘ Nazov )1 Adresa ) ( Obrat )
| Bud
Zavod

(Na—m)@dﬁsa)(omaq
Budova




2) Nahrada vztahu typu m:n

(1.1) (1.m ——— (1.m(1.1)

3) Mbze sa stat, ze sa méa rozhodnut, ako treba vlastnost modelovat: ako atribut alebo ako entita

Adresa

el

Adresa - viac adries pre pracownika
- rozbyt adresu na atributy kvéli dopytovaniu ako:

"Najdi pracownikov z ulice Roznhavska"

4) Atribut vztahu — v ER je to dovolené

Pracovnik W Oddelenie
Ak pracovnik méze byt prijaty viackrat:

(0a ) (o )
Pracovnik W Oddelenie
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Niektoré systémy na kreslenie diagramov



Funkéna zavislost’ a uzavery

- Funkéna zavislost’ (FZ)

- KI'a¢ a nadkl’a¢

- Funkény a atribatovy uzaver

Uvazujme rela¢na schému R(.") resp. R(.«7,.7")

NazovTab(Ai1, Az, ..., An) = NazovTab(A1:T1, A2:T2, ..., AniTh)
- Rela¢na schéma = nazov relacie, mnozina atribatov a ich typy (resp. + FZi).

Funkéna zavislost’ (FZ)

Definicia

Nech X a Y st mnoziny atributov. Hovorime ze,
Y funkéne zavisi od X (X funkéne uréuje Y; X je determinant) X — Y, ak plati, ze
dva riadky/tuples, ktoré sa rovnaju vo vsetkych atributoch X rovnaju sa aj vo vSetkych atributoch Y

uX]=t[X] = Y] =t[Y]

Poznamky:
- kazdej hodnote X zodpoveda pravé jedna hodnota Y
- funk&nd zavislost X — Y je trivialna, ak Y je podmnozinou X.

A |B c - tabul’ka reprezentuje sucasny stav relacie R(A,B,C). Ktoré z

1 A a e, . , . , ey ,

1 B b nasledujucich FZi platia v R na zaklade jej sti¢asného stavu:

2_[A d a) A-B, b) B5A, ¢) A-»C,d) C-Ae) B-C,f)C—B

3 D c

4 A a . . L.

5 D c RieSenie: plati iba f).
Vlastnosti
A — BiB2...Bk & A —Bi i=1,2,...k Dokazme to v oboch smeroch
rozStiepenie => <= spojovanie

Tranzitivnost’
AiA2...An > BiB2.Bk & BiB2..Bk—> CiC2..Ch => AiA2..An— CiCy..Cnm

Kandidatny, nad a primarny kl'aé

Def. 1 Nech X je mnoZina atributov. X je (kandidatny) klu¢ pre R, ak:
1) X funkéne urcuje vSetky ostatne (neklicové) atributy R.
2) Ziadna podmnozina X neurguje funkéne ostatné atriblty.

Poznamky:
- z 1) vyplyva, Ze dva rozdielne riadky R sa nembzu rovnat na X. Skuto&ne:
- (Kandidatny) kluc pre relaciu R je minimalna mnozina atributov X, pre ktort plati X - R

Relacia m6ze mat viac kandidatnych klu¢ov — z nich sa vyberie jeden — primarny kFug.

Def. 2 MnoZina atributov X* je nadklu¢, ak obsahuje kfu¢€ X.

Poznamky:

- nadkluc¢ (superkldc) je lubovolna nadmnozina kluca.

- (Nech je dana relacia R(A). Potom mnoZinu atribltov XcA takd, ze X — A nazyvame nadkl[Uc.)
- Pre nadkl'G¢ X plati: relacia nema dva rozdielne riadky s rovnakymi hodnotami pre atriblty z X



Priklad. Je {A,C} nadklae?
A c 1o |-A>B

10 A

20 BE - A, C —> B

10 [cc | -AC>D
30 Dd

10 Cc

1
1

2
3

(|- |N(N|m

Priklad. Navrh kompozitného kluc¢a.

Relacia Dielo

Autor NazovDiela Rok Vydavatel PocetStran Zaner
J.Austin Sense and Sensibility 1811 T.Egerton 320 Romance
A.C.Clark Cradle 1988 Warner Books 293 Scifi
G.Lee Cradle 1988 Warner Books 293 Scifi
A.Hejlsberg The C# Programming Language 2003 Addison Wesley 672 Software
S.wiltamuth  The C# Programming Language 2003 Addison Wesley 672 Software
P.Golde The C# Programming Language 2003 Addison Wesley 672 Software

radl

e Autor mbze
e Nové vydanie
o (Dielo bez autyra —|Biblia?)

Uvazujme za determinahta najprv dvojice.
NazovDiela, Rok jednozhacne urcia aj Vydavatela, aj PocetStran, aj Zaner (spojovanie):
- NazovDiela, Rqk — Vydavatel
- NazovDiela, RO PocetStran
- NazovDiela, RoK —{Zaner

Lenze:

- NazovDiela, Rok,

Podobne:

- Rok, Autor NazovDiela, lebo autor v danom roku moze napisat viac diel

- NazovDiela, Autor heuréuje Rok, lebo podla predpokladu Autor s tym istym nazvom moze
napisat viac diel (v réznych rokoch).

&> NazovDiela, Rok —» Vydavatel, PocetStran, Zaner

neurcuje Autor, lebo niektoré diela maju viac autorov

RieSenim je trojica:

NazovDiela, Rok, Autor

1) najprv ukazeme, Ze trojica uréuje vSetky ostatne. Nech dva riadky na trojici su rovnaké => su
rovnaké aj na dvojici Rok, Autor — lenze ona, ako sme videli vysSie, ur€i Vydavatel, PocetStran, Zaner.
... a takto stanovujeme, Ze dva riadky su rovnaké (vo v8etkych atribatoch).

2) treba este ukazat, Ze Ziadna podmnozZzina trojice neur€uje funk&ne ostatné atributy (to sme urobili
vyssie).

Existuje aj iny klu¢?



Pravidla pre funkéné zavislosti

Pomocou nasledujlcich pravidiel mézeme vytvarat’ nové funkéné zavislosti alebo dokazat', ze ide
o funkénu zavislost'.

Vlastnosti funkénych zavislosti
Armstrongove pravidla

Al) x c y =y — x reflexivnost’ (triv.zavislost) Veta. Armstrongove pravidla

A2) X >y = Vz: X2 —>yz augmenta:cia - sU korektné — funkéné zavislosti Fi

A3) x>y &y—>z=x-z tranzitivnost odvodené z F platia pre kazdd instanciu R
Pr. Nech {AB — C, CD — E} = ABD — E - SU UpIné — T'ubovol'nu funkénu zavislost Fi
RieSenie: je mozné odvodit’ z F pre kazdu instanciu R
AB — C - dané - vlastnosti A1, A2, A3 st nezavislé a bez
ABD — CD - A2) hociktorej z nich aplnost’ je narusend.

CD — E -dané

ABD — E - A3)

HX->Y)&(X—>2Z)=>Xx>Yyz DOkaz: na cviceni dokazat' 5), 6)

5) (x> y) & (Wy — ) = WX - Wz 4)

6) (x> Vy) & (z cy) = x = z - dekompozicia a) X >y = x — xy podla Al), A2)

b) x - z = xy — yz podla A2)
c) X — yz podla a), b), A3)

Priklad < kontra-priklad, Zze v A2) x > y = Vz: xz > yz

z lavej strany vyplyva prava ale z pravej strany nevyplyva l'ava strana.

NP P[RR X
W > W >N
Qe PRI

Funkény uzaver F*
Uvazujme relaciuR(./,.7) a F <./ . Funkény uzaver F* je mnozina vsetkych FZi, ktoré
vyplyvaji z F pomocou Armstrongovych pravidiel.

Atributovy uzaver A" = A" |.7
Uvazujme relaciuR( ~,.7) a mnoZzinu atributov Ac /.

Uzaver A" = A"|. atribdatov A vzhl'adom na mnozinu FZi .~ je mnozina
vSetkych atribatov X <./, pre ktoré FZ A— X logicky vyplyva (teda napr. na
zaklade Armstrongovych pravidiel) z .& .

Algoritmus atribGtového uzaveru:
a) Nech je X ={A}.
b) Cyklus:
hladdme FZ Bj ..., Bmn — CW:L m, Ce.v aleCgX

=>dodame Cdo X, tzn. X =X uC, X={A C}.
¢) Na konci A" = X.



Priklad 1a). Nech st dané R(A,B,C,D,E,F) aFZi.* ={AB—C, BC—AD, D—E, CF—»B}. Uréme

{ABY}".

Riesenie.

a) Namiesto X={AB} moze byt definicia X={A,B}, lebo z AB—>A az AB—B.

b) Pretoze I'ava strana AB—C je v X, preto prava stranu dodame do X, X={A,B,C}.
Pretoze l'ava strana BC—AD—D je v X, preto Cast’ pravej strany dodame do X, X={A,B,C,D}.
D—E = X={A,B,C,D,E}.

¢) CF—B nic. => {A,B}'={A,B,C,D,E}.

Vseobecny princip, pomocou ktorého mozeme stanovit, ¢i z FZ1 vyplyva FZ,:
Uvazujme relaciuR(./,. %), F <./ a F,:A—>B, kde Ae ./ .

Ak Be A", potomz F, vyplyva F,.

Teda
Be A
= A-—>B
Plati aj silnejsia ekvivalencia: Be A" & F vyplyva F,.
&

Lema. x — y sa da odvodit’' z F pomocou Armstrongovych axidm prave vtedy ked'
y c x* vzhl'adom na F.

Pre kazdy atribit a € y < x*. Plati x — a podl'a definicie uzaveru x*. Podla vlastnosti
4) plati aj x > y.

Naopak nech x — y sa da odvodit’. Potom pre kazdé a e y plati x - a podla 6) a

e xt.

Priklad 1b). Pokraovanie predchadzajuceho prikladu. Vyplyvaji z . FZi: D—>A a AB—D?
Riesenie.

AB—D vyplyva, lebo D je z {A,B}'={A,B,C,D,E}.

D—A nevyplyva, lebo A nie je z {D}*={D,E}.



