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Agenda

v’ Functional dependencies between attributes
— Definition
— Representation, sources and identification
* This week
— Types and properties
— Amstrong’s axioms
— Relational decomposition

e Characteristics
 Validating decompositions



Types of functional
dependencies



Primary types of dependencies

* Trivial / non-trivial dependencies
 Partial / full functional dependencies
* Transitive functional dependencies

* Multivalued dependencies



Trivial dependencies

* Trivial dependency occurs if the dependent is a
subset of the determinant

v ForX > VY ifY < X, then X = Y is trivial
* Examples of trivial dependencies for R = {A, B}
{A} — {A}
{A,B} > {A}
{A,B} > {B}
{A,B} — {A,B}
* |n the Netflix dataset

— Show _id, title, release_year - title



Non-trivial dependencies

* Non-trivial dependencies occur if the dependent
is not a subset of the determinant

v X > Yis non-trivial if Y & X

* |n the Netflix dataset
— Show_id = rating, release_year




Full functional dependencies

* Full functional dependency occurs when the
dependent depends on the entire set and not
any part of the determinant

v X—>Y is full if there is no W so that W — X and W—Y

* |n the Netflix dataset
— Show _id, title, release_year - duration



Partial functional dependencies

e Partial functional dependency X—Y occurs when
the dependent attribute depends on only a
portion rather than the whole of the
determinant

v’ X=Y is partial if there is Wc X so that W—Y
* |n the Netflix dataset

— show _id, director_id — director_name

* because director_id — director_name



Transitive dependencies

e A functional dependency X— Y is transitive if
both X and Y are non-key attributes

v If A>B and B—C, then A—C is transitive provided
thatB > A

* |In the Netflix dataset

— Since show_id — title and title — genre_name,
show_id — genre_name is transitive



Multivalued dependencies

* Multivalued dependency X -»Y designates a
constraint where X uniquely determines a set of

values for Y
v If X »Y, then X[i] = Y[j] and X[i] = Y[K]
* Properties
— If a—»B, then hen a—>»R-J3
— If a=>p and yE9, then ad—>»By
— If a=>B and B-»y, then a—-»y-f
* |In the Netflix dataset

— title - listed _in
* e.g. a title may be listed in drama and documentaries

— title - country
* e.g. a title may be produced in UK and Greece




Amstrong’s axioms



What they are

e Often, there are functional dependencies that can
be derived from other functional dependencies

* |tis therefore useful to determine inference rules
which reveal all functional dependencies F* holding
over a given set F of functional dependencies

* Amstrong established a small set of such rules and
proved they are

— Soundness

* Every dependency revealed by these axioms is guaranteed to be
valid in any database state that satisfies the initial rules

— Completeness

* Repeatedly applying these rules will eventually reveal every
possible functional dependency that can be logically inferred—
nothing is missed



What the axioms offer

* Amstrong’s axioms are used to reveal

— All functional dependencies (F*) that can be derived
from a given set F;

* the result is known as closure of F

— Canonical Covers which are reduced sets of functional
dependencies that still hold the same information;

* also known as minimal cover

— Candidate Keys (and therefore primary keys) by
revealing which attributes can determine all other
attributes in a relation

— Normalization Requirements which determine
attributes that are fully or partially dependent,
enabling proper decomposition into 2NF, 3NF, and
BCNF to remove redundancy



Amstrong’s basic axioms

* Let X, Y and Z be attribute subsets of a relation R,
then the following hold:
— Reflexivity (AvakAaotikn dlotnta)
e fYcXthenX —>Y

— Augmentation (Emavéntikn wdlotnta)
 IfX—>YthenXZ —>YZ

— Transitivity (Metafoatikn wbLotnta)
e lIfX—>YandY—>ZthenX—>7Z



Additional axioms (cont.)

* We can also prove that the following hold (on
the basis of the basic axioms)
— Additivity or Union (Evwtikn 1dtotnta)
e IfX—>Yand X—> ZthenX > YZ

— Decomposition (Ataomtaotikn LOLoTNTA)
e IfX—>YZthenX —>Yand X—>Z

— Pseudotransitivity (Wevbopetapfatikn wdotnta)
e IfX—>YandYZ—> WthenXZ > W

— Composition (ZuvBetikn WbLotTNTOQ)
e IfX—>YandZ—> W then X2 > YW



Consolidation

 So far we have seen

— How we can identify various types of dependencies
in a data set

— Axioms that allow inference

* Question

— How do the above contribute to designing databases
schemas?



Decomposing relations using
functional dependencies



Task

* Given a universal relation and a set of
functional dependencies, determine a suitable
relational decomposition

* We will make use of the Kaggle dataset about
netflix titles



The single relation schema

e Universal relation

— R(show id, title, type, release year, rating, duration,
description, date_added, director _id, director _name,
actor _id, actor_name, country _id, country_name,
genre_id, genre_name)



Analysis

 Universal relation

— R(show _id, title, type, release_year, rating, duration,
description, date_added, director_id, director _name,
actor_id, actor_name, country_id, country_name,
genre_id, genre_name)

* Functional dependencies

v show_id — title, type, release_year, rating, duration,
description, date_added

v  genre_id — genre_name

v’ actor_id — actor_name

v’ director_id — director_name
v’ country code — country name



Analysis

 Universal relation

— R(show id, title, type, release year, rating,
duration, description, date_added, director _id,
director_name, actor_id, actor _name, country_id,
country_name, genre_id, genre_name)

* Multivalued dependencies
v show_id —» genre_id
v’ show_id -» actor _id
v show_id - director _id

v’ show_id - country _code



= {show_id, title, type, release_year, rating,

duration, description, genre_id, genre_name,
cast_id, actor_name, director_id, director_name,
country_code, country_name}

Decomposition

R = {show _id, title, type, release_year, rating,
duration, description, date_added, genre_id,
genre_name, cast_id, actor_name,
director_id, director_name, country _code,
country _name}



= {show_id, title, type, release_year, rating,

duration, description, date_added, genre_id,
genre_name, cast_id, actor_name, director _id,
irector_name, country_code, country_na

Decomposition

R, = {show_id, genre_id,
genre_name, cast_id, actor_name,
director_id, director_name,
country_code, country _name

R = {show _id, title, type, release_year, rating,
duration, description, date_added, genre_id,
genre_name, cast_id, actor_name,
director_id, director_name, country _code,
country _name}

R, = {show_id, title, type,
release_year, rating, duration,
description, date_added}

Full (non-trivial) functional dependencies
show_id — title, type, release_yeatr, rating,
duration, description, date added

* For X — Y split the schemaintoR; =XUY&R,=R—-Y



= {show_id, title, type, release_year, rating,

duration, description, date_added, genre_id,
genre_name, cast_id, actor_name, director _id,
irector_name, country_code, country_na

Decomposition

R, = {show_id, genre_id,
genre_name, cast_id, actor_name,
director_id, director_name,
country_code, country _name

R = {show _id, title, type, release_year, rating,
duration, description, date_added, genre_id,
genre_name, cast_id, actor_name,
director_id, director_name, country _code,
country _name}

R, = {show_id, title, type,
release_year, rating, duration,
description, date_added}

R, = {show_id, genre_id, cast_id,
actor_name, director_id, director_namg
country code, country_name}

Rs; = {genre_id,

Full (non-trivial) functional dependencies genre_name }

show _id — title, type, release_year, rating,
duration, description, date_added
genre_id —» genre_name

* For X — Y split the schemaintoR; =XUY&R,=R—-Y



= {show_id, title, type, release_year, rating,

duration, description, date_added, genre_id,
genre_name, cast_id, actor_name, director _id,
irector_name, country_code, country_na

Decomposition

R, = {show_id, genre_id,
genre_name, cast_id, actor_name,
director_id, director_name,
country_code, country _name

R = {show _id, title, type, release_year, rating,
duration, description, date_added, genre_id,
genre_name, cast_id, actor_name,
director_id, director_name, country _code,
country_name}

R, = {show_id, title, type,
release_year, rating, duration,
description, date_addedc

R, = {show_id, genre_id, cast_ic
actor_name, director_id, director_namg
country code, country_name}

Rs; = {genre_id,
genre_name }

Full (non-trivial) functional dependencies
show _id — title, type, release_year, rating,
duration, description, date_added
genre_id —» genre_name

cast_id — actor_name

R = {show_id, genre_id, cast_id
director_id, director_name,
country_code, country _name

Rs = {cast_id,
actor_name}

* For X — Y split the schemaintoR; =XUY&R,=R—-Y



= {show_id, title, type, release_year, rating,

duration, description, date_added, genre_id,
genre_name, cast_id, actor_name, director _id,
irector_name, country_code, country_na

Decomposition

R, = {show_id, genre_id,
genre_name, cast_id, actor_name,
director_id, director_name,
country_code, country _name

R = {show _id, title, type, release_year, rating,
duration, description, date_added, genre_id,
genre_name, cast_id, actor_name,
director_id, director_name, country _code,
country_name}

R, = {show_id, title, type,
release_year, rating, duration,
description, date_added}

R, = {show_id, genre_id, cast_ic
actor_name, director_id, director_namg
country code, country_name}

Rs; = {genre_id,
genre_name }

Full (non-trivial) functional dependencies
show _id — title, type, release_year, rating,
duration, description, date_added
genre_id —» genre_name

cast_id —» actor_name
director_id — director_name

R = {show_id, genre_id, cast_id
director_id, director_name,
country_code, country _name

Rs = {cast_id,
actor_name}

Rg = {show_id, genre_id, cast_id,
director_id, country_code,
country_name}

R, = {director_id,
director_name}

* For X — Y split the schemaintoR; =XUY&R,=R—-Y



= {show_id, title, type, release_year, rating,

duration, description, date_added, genre_id,
genre_name, cast_id, actor_name, director _id,
irector_name, country_code, country_na

Decomposition

R, = {show_id, genre_id,
genre_name, cast_id, actor_name,
director_id, director_name,
country_code, country _name

R = {show _id, title, type, release_year, rating,
duration, description, date_added, genre_id,
genre_name, cast_id, actor_name,
director_id, director_name, country _code,
country_name}

R, = {show_id, title, type,
release_year, rating, duration,
description, date_added}

R, = {show_id, genre_id, cast_ic
actor_name, director_id, director_namg
country code, country_name}

Rs; = {genre_id,
genre_name }

Full (non-trivial) functional dependencies
show_id — title, type, release_year, rating,
duration, description, date_added
genre_id —» genre_name

cast_id —» actor_name
director_id — director_name
country code — country name

R = {show_id, genre_id, cast_id
director_id, director_name,
country_code, country _name

Rs = {cast_id,
actor_name}

Rg = {show_id, genre_id, cast_id,
director_id, country_code,
country_name}

R, = {director_id,
director_name}

R,o = {show_id, genre_id, cast_id,
director_id, country_code}

Ry= {country_code,
country_name}

* For X — Y split the schemaintoR; =XUY&R,=R—-Y



Decomposition

R = {show _id, title, type, release_year, rating,
duration, description, date_added, genre_id,
genre_name, cast_id, actor_name,
director_id, director_name, country _code,
country_name}

Full (non-trivial) functional dependencies
show_id — title, type, release_year, rating,
duration, description, date_added
genre_id —» genre_name

cast_id —» actor_name
director_id — director_name
country code — country name

Multi-valued dependencies
show_id - genre _id

show _id - actor _id

show _id - director _id
show_id - country code

R, = {show_id, genre_id, cast_ic
actor_name, director_id, director_namg
country code, country_name}

R = {show_id, genre_id, cast_id
director_id, director_name,
country_code, country _name

Rg = {show_id, genre_id, cast_id,
director_id, country_code,
country_name}

= {show_id, title, type, release_year, rating,

duration, description, date_added, genre_id,
genre_name, cast_id, actor_name, director _id,
irector_name, country_code, country_na

R, = {show_id, genre_id,
genre_name, cast_id, actor_name,
director_id, director_name,
country_code, country _name

R, = {show_id, title, type,
release_year, rating, duration,
description, date_added}

Rs; = {genre_id,
genre_name }

Rs = {cast_id,
actor_name}

R, = {director_id,
director_name}

R,o = {show_id, genre_id, cast_id,
director_id, country_code}

Ry= {country_code,
country_name}

 For X > Y create new schema R'={X, Y}



Decomposition

R = {show _id, title, type, release_year, rating,
duration, description, date_added, genre_id,
genre_name, cast_id, actor_name,
director_id, director_name, country _code,
country_name}

Full (non-trivial) functional dependencies
show_id — title, type, release_year, rating,
duration, description, date_added
genre_id —» genre_name

cast_id —» actor_name
director_id — director_name
country code — country name

Multi-valued dependencies
show_id - genre _id

show _id - actor _id

show _id - director _id
show_id - country code

@w_id, country_code}
@w_id, director_id}

R, = {show_id, genre_id, cast_ic
actor_name, director_id, director_namg
country code, country_name}

R = {show_id, genre_id, cast_id
director_id, director_name,
country_code, country _name

Rg = {show_id, genre_id, cast_id,
director_id, country_code,
country_name}

= {show_id, title, type, release_year, rating,

duration, description, date_added, genre_id,
genre_name, cast_id, actor_name, director _id,
irector_name, country_code, country_na

R, = {show_id, genre_id,
genre_name, cast_id, actor_name,
director_id, director_name,
country_code, country _name

R, = {show_id, title, type,
release_year, rating, duration,
description, date_added}

Rs; = {genre_id,
genre_name }

Rs = {cast_id,
actor_name}

R, = {director_id,
director_name}

R,o = {show_id, genre_id, cast_id,
director_id, country_code}

Ry= {country_code,
country_name}

R= {show_id, genre)




The final decomposition

* Decomposition into tables

— Shows (show _id, title, type, release vyear, rating,
duration, description, date added)

— Genres (genre_id, genre_name)

— Cast (cast_id, actor name)

— Director (director _id, director _name)

— Country (country_code, country_name)
— Show_genre (show _id, genre_id)

— Show_actor (show_id, actor_id)

— Show_director (show _id, director_id)

— Show_country (show_id, country code)




Another problem

Example with no MVDs



A subset of the Netflix data set — No MVDs

* The same relation
— R ={show id, title, type, release year, date added,
rating, duration, description}
* Two functional dependencies
— title > type

— show_id — title, release_year, date_added, rating,
duration, description



Decomposition

R = {show _id, title, type, release_year,
date added, rating, duration, description}

Full (non-trivial) functional dependencies
title — type

R = {show _id, title, type, release_year, date_added,
rating, duration, description}

R, = {show_id, title, release_year,
date_added, rating, duration,
description}

R, = {title, type}

* For X — Y split the schemaintoR; =XUY&R,=R—-Y



R = {show_id, title, type, release_year, rating,
duration, description, genre, actor, director, country}

Decomposition

R, = {show_id, title, release_year,
date_added, rating, duration,
description}

R = {show _id, title, type, release_year,
date added, rating, duration, description}

R, = {title, type}

R, = {show_id, title, release_year,
date_added, rating, duration,
description}

Full (non-trivial) functional dependencies
title — type

show_id — title, release_year, date _added,
rating, duration, description

* Decomposition

— R2 (show _id, title, release_year, date_added,
rating, duration, description)

— R1 (title, type)



Conclusion

* There may be several decompositions
resulting and therefore we need a method to
assess which is the best



Validating decompositions

Properties of good
decompositions



What is the issue

* |dentifying optimal decompositions

v’ Attribute — preserving decompositions (Statripnon
YVWPLOUATWV)

— A&V TIPEMEL VA UTTAPXEL YVWPLOUA 0TO KABOALKO O Ma TTOU VoL BNV
eudaviletal og pa (TouAAXLOTOV) ATTO TLC TTAPOAYOLLEVEC OXEOELC

v' Dependency — preserving decompositions
(bLatnpnon e€aptnoswv)

— Ormolec ouvaPTNOLAKEC EEOPTNOELC LOXUOULV N €LvOlL TTAPAYOUEVEC OTO
KalOOALKO oXra TIPETIEL VAl LOXUOUV Kol 0TnV amoolvBeon

v’ Lossless-Join decomposition (cuvévwon Aveu
QTTWAELWV)

—  Ano pia 6edopévn amoouvBOeon Ba PEMEL va UITOPOUE va
T PAYOUE aKPLBWCE TO aPXLKO KABOALKO oxAua



Attribute — preserving decomposition

* Given a relation R which is decomposed into
R:, R,, R;, R, the decomposition is attribute-
preserving if R=R;UR,UR;U ... UR,

* |t ensures that no data fields are "lost" during
the decomposition and therefore



Dependency — preserving decomposition

* A decomposition ensuring all original functional
dependencies (FDs) are still enforceable locally
within the new tables

* Original functional dependencies are all those
identified or those implied too?

— The full set

* We need a method to compute all functional
dependencies implied !



Closure

* H amodeln tne tdlotntog TNe dtatnpnonc Twv
eéaptnoewv Baoilletal kol aflomoLlEL TNV Evvola
NC KAswototntoc (N Bnknc) cuvoAou
ouVOPTNOLOKWY EEQPTNOCEWV

e KAetowo n Bnkn ouvolou F

— Av F elvall eva oUvoAo cuvaptnoloKwyY e€APTNOEWV
TOTE 10 KAclowo (closure) tou F cupPoAiletal pe F+
KoL TtEPLAAPAVEL OAEC TIC CUVOPTNOLOKES

eEQPTNOELC TTOVU UrTovoouvTal N mapayovtol oo To F
LLE TOUC KOVOVEC CUUTTEPOCGUOU

(R,UVR,U...UR)"=F"



Lossless-Join decomposition

* H amooUvOeon mpemel va elval YwpLlc omwAELEC
OTN CUVEVWON
— Mua artoouvBeon tng oxeong R = (A, B) oe R, = (A)
KoL R, = (B) elval xwpig AMwAELEG OTN CUVEVWON OTAV
n puown cuvevwon twv R, kal R, avakataokevalet
TO OPXLKO oxnuo tnc R

R=11, (Ry) x 11 (Ry)



An example

e Let us assume the table R

A8 C_

Ay B G
Ay By G



An example

* One possible decomposition

A8 C_

Ay B G

Al BZ C2
Al C B C_

A, C B, C,
Al C2 BZ CZ



An example

* Another possible decomposition

A8 C_

Ay B G

Al BZ C2
A8 A C

A, B A, G
Al BZ Al CZ



An example

* Only one is Lossless-Join decomposition

s
o s | o

Al B1 C1 Al B2 C2

Al B2 (2 —
“ n Al B1 Al C1
Al C1 B1 C1 Al B2 Al C2
Al C2 B2 (2 \ /

TN, — A[B | C |

DT aom

Al Bl C1 Al Bl C2

Al B2 C(C2 Al B2 (1
Al B2 C2




Lossless-Join decomposition theorem

 |f Ris arelation and F the set of functional
dependencies on R.

* For any given decomposition into R, and R,

—If Ry R,— R, or R, R,— R, belongs to F* then
the decomposition is a Lossless-Join decomposition

* |In other words, the common attributes of R; and R, need
to be primary key for at least one of the R, and R,



Conclusions

* Decompositions which are lossless-join and
dependency preserving

— 2NF

 Decompositions which are lossless-join may
not be dependency preserving

— BCNF
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