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: Data Sample
ID Name College CollegeC|ty Hobby CollegeNew
1 23 Petr Kazan MSU
1 23 Petr KFU Kazan tennis MSU

___________________________________________________________________________________________________________________________________________________________________________________________________________________________________

123 Petr KAl Kazan  footbal ~ MSU




1 ID EName College CollegeC|ty Hobby CollegeNew

...........................................................................................................................................................

pd 123 | Petr KFU Kazan football MSU
¢ 123 1 Petr KAI Kazan tennis MSU
1123 ¢ Petr KFU Kazan tennis MSU

...........................................................................................................................................................

51123 Petr KAl Kazan  football  MSU

data redundancy
anomaly of inserting
anomaly of deleting
anomaly of updating




1 1D Name College CollegeC|ty Hobby CollegeNew

...........................................................................................................................................................

p 123 Petr KFU Kazan football MSU
1 123 1 Petr KAI Kazan tennis MSU
1123 ¢ Petr KFU Kazan tennis MSU

...........................................................................................................................................................

51123 Petr KAl Kazan  football  MSU

Student(ID, Name)

Apply(ID, CollegeNew)
EducationHistory(ID, College, Colle
Hobby(ID, Hobby)




Principle of full normalization (PoFN)

INF

2NF

3NF
BCNF



1 NF

e Each attribute contains only one value
* No duplicates In table

e All attribute values are atomic



| Firm  Model |
_______ rirm | Model BMW M5
BMW M5, X5M, M1 BMW XM
o GTR W i
Nissan  GIT-R




Firm Angomt

Model Phone

__________________________________________________________________________________________________________________________________________________________________________________________________________________________

lesan 5

3 562 0654332




Firm  AvgPoint Model  Phone

_______________________________________________________________________________________________________________________________________________________________________________________________________________

SMW ® MS 123
""""" BMW 5 M5 4567812
""""" MW 5 XsM 123
""""" MW 5 XBM 4567812
""""" MW 5 M 128
""""" BMW 5 M1 4567812
"""" Nisssn 5 GFR 562

_______________________________________________________________________________________________________________________________________________________________________________________________________________

Nissan 5 GT-R 6654332




Firm AvgPoint Modeli Model2 Model3 Phonel  Phone2

"""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""""

BMW 5 null  null M1 123 4567812

_________________________________________________________________________________________________________________________________________________________________________________________________________________________________________________

Nissan 5 GT-R  null  null 562 6654332




Functional Dependency - a constraint between
two sets of attributes in a relation from a database

X — Y, X functionally determines Y

KXY
___________ 12
34
o b
___________ 1.2
5 6




Functional Dependency - a constraint between
two sets of attributes in a relation from a database

X » Y, X doesn’t functionally determine Y




R(Model, Shop, Phone)
Model Shop Phone

__________________________________________________________________________________________________________________________________________________________________

__________________________________________________________________________________________________________________________________________________________________

__________________________________________________________________________________________________________________________________________________________________

Dorsche De-Shop  87-33-45

Model = Shop Shop - Phone

Model, Shop — Phone



Axiom of reflexivity
YcX = X-—>Y

Axiom of augmentation
X—=>YVZ = X/ - Y/

Axiom of transitivity
X—->YY>/Z/>X->"7/



Rule of decomposition
X—>Y/ =>X->Y X—->/

Proof

Y/ — Y, based on reflexivity Y C Y/
X — Y, based on transitivity
Y/ — Z , based on reflexivity Z C Y/

X — Z , based on transitivity 4



Rule of composition
A->B,C->D=AC - BD

Proof

A - B=> AC — BC, based on augmentation
C - D= BC — BD, based on augmentation

AC — BD , based on transitivity



Rule of union (notation)
A—->BA->C=>A- BC

Proof

A—->B=>AA > AB=>A - AB
A—- C=AB - BC

A = BC



Rule of pseudo transitivity
X->YY - W=X/->W

Proof

X—>Y=>X/L-> Y/

X/ - W



Rule of self determination
VX, X > X

Proof

X — X, based on reflexivity X C X



Functional Dependency

Ay,,..., A} > {By,...,B, }

=3B, ¢ {A,,...,A)




Model Shop Phone

__________________________________________________________________________________________________________________________________________________________________
__________________________________________________________________________________________________________________________________________________________________

__________________________________________________________________________________________________________________________________________________________________

Porsche  De-Shop  87-33-45

Model, Phone — Model; {Model} C {Model, Phone}

Model, Phone — Shop, Phone;, Phone € {Model, Phone }

Model, Shop — Phone; Phone & {Model, Shop}



Algorithm of Closure

F=1{F,,...,F,}isasetof FDs of relation R
(A—B) eF,

Vi=> A->Y)eF ,VYC{B,,...,B ]
X0 =X
XHD = xOytAl(Y>2)e F,YC XY ACZ)

fF"=G" => F,G are



= A,B,C,D,E, F)

(A,B}* =7

{A,B}" = {A, B}
(A,B}* = {A,B,C)
(A,B}* = {A,B,C,D)
(A,B}* = {A,B,C,D,E)



__________________________________________________________________________________________________________________________________________________________________

__________________________________________________________________________________________________________________________________________________________________

__________________________________________________________________________________________________________________________________________________________________

Porsche  De-Shop  87-33-45

{Model}" = {Model}
{Model}"™ = {Model, Shop)
{Model}"™ = {Model, Shop, Phone}



— (A9B9 C9D9E9F)

AB - D ? /<
IA,BY" ={A,B,C,D, E} AB — D

D— A?

(D}t = (D.E)> D » A



Relation R = (A;,...,A))

Relation S — (Al’ S ’Ak—l’Ak-I-l’ _y ,An)



R — (A9B9 C9D)
Ff=(A > B,B— C,C— D)
S = (A, C,D)




which a role does A “play” @



R(A,A,, ..., A)
K=1{A,A,, ..., A },m<n

K is potential key (candidate key)
if and only if

Irreducibility




K is simple potential key
(simple candidate key) if

K = {A;} has only one attribute

' 7.8 ’ P> T

K is compound potential key
(compound candidate key) if

2, e o o }

Rk e e
e
e - =

has more then one

i i e

-
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Super Key

) & @
K, K5 K

Alternative Keys
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...................................................................................................................................................................

.......................................................

..................................................................................................................................................................

Porsche  De-Shop  87-33-45

{Model}™ = {Model, Shop, Phone

(Model)




RA,,...,A)
{Al’ ¢ oo ,An} —> {An_|_19 ¢ o . 9Ak};

(Al’ .« oy An) is a SuperKey of R if there is a



2 NF

e 1 NF

 Every non-key attribute is functionally
dependent on a subset of the
candidate key(s)



student course grade course fee

Anna  Database 3+ 100

(student, course) is a Candidate key

grade, course fee are Non-primes

student, course — grade




student course grade course fee

Anna  Database 3+ 100

IS a ale key

grade, course fee are Non-primes

course — course fee




student course grade course fee

Petr Database A 100 _________________
van DataMining B 50
""""" Anna  Database B+ 100

student course grade

________________________________________________________________________________________________________________________

Anna Database B+

course course fee

______________________________________________________________________________________________________

Data Mining 150




3 NF

e 2 NF

* All non-prime attributes are directly
(hon-transitively) dependent on the
entire candidate key



order |d date customer emall

.........................................................................................................................................................................................................................

.......................................................................................................................................................................................................................

4/2020 2020-01-18 Sergey s@mail.ru

IS a key
date, customer, email are Non-primes

order id — date

order 1d — customer



mailto:anna@mail.ru
mailto:petr@mail.ru
mailto:s@mail.ru

order |d date customer emall

.........................................................................................................................................................................................................................

.......................................................................................................................................................................................................................

4/2020 2020-01-18 Sergey s@mail.ru

IS a key

date, customer, email are Non-primes

customer = email



mailto:anna@mail.ru
mailto:petr@mail.ru
mailto:s@mail.ru

‘orderid  date  customer  email
_________ 1/2020 ~ 2020-01-15 ~ lvan  ivan@mail.ru
.2/2020  2020-01-16 ~~ Anna anna@mail.ru | ==
3/3030  2020-01-17  Petr petr@mail.ru
4/2020 = 2020-01-18  Sergey s@mail.ru
______ order id  date  customer
. 1/2020  2020-01-15 van
_________ 2/2020  2020-01-16  Amna [)4
_________ 3/3030  2020-01-17  Petr
4/2020 = 2020-01-18  Sergey
_______ customer ~  email
__________________ van ~ ivan@mail.ru |
~_Anmna anna@mail.ru
__________________ Petr  petr@mail.ru
Sergey s@mail.ru



mailto:anna@mail.ru
mailto:petr@mail.ru
mailto:s@mail.ru
mailto:anna@mail.ru
mailto:petr@mail.ru
mailto:s@mail.ru

BCNF

e X — Yisatrivial FD (¥ C X)
e X is a a Super Key for relation R



Author Nationality Book Genre pages

..............................................................................................................................................................................................................................................

Errors

SQL Performance
M.Winand ~ Austrian = =g, Jlained Textbook 200
J.Ullman Amerlcan  AFirst Gourse in iTex’[book 500

Database Systems

A First Course in |
J.Widom IAmerlcan Database Systems. Textbook 000

1S

author — nationality

book — genre, pages



IS

Author Natlonallty

_______________________________________________________________________________________________

_______________________________________________________________________________________________

IS

N Errors ________________________________________________________
SQL Performance 'Textbook 200
Explained

A First Course in
Database Systems TethOOk o00

____________ JUlman  Amercan
J.Widom  American
Author Book

_______________________________________________________________

N MWinand |

_______________________________________________________________

__________________________________________________________________________________________________________________________

SQL Performance IS
Explained

A First Course in
Database Systems

A First Course in
Database Systems




S, T are decomposing of R, if

R=SNXT



Hez’s Theorem
R = (A, B, C)

HA—i'B:R:ﬂA,BRNﬂA,CR



Dependency-preserving
decomposition

R=8SNXT
FR:(FSUFT)



R=(A,B,C,D)

R = R\(A, B, C) X Ry(C, D)
R, : (A} =(A)
(C}"={C,AR




— (A, B, C, D)

R = Rl(A,B, C) X R,(C, D)
{C}
(C,D}*




R=(A,B,(C,D)

R = R,(A, B, C) X R,(C, D)

Fo UF, =(C— A,AB > C,BC —» A,C — D)
1 2

Fp#F R, U I g, = hot dependency-preserving



R = Employee(id, nationality, dept, dept_type, dept_phone)

1st iteration

R,(id, nationality)
R,(id, dept, dept_type, dept_phone)

2nd iteration
R,(id, nationality)
Rx(dept, dept_type, dept_phone)
Ry(dept, id)



R(id, nationality, dept, dept_type, dept_phone)
R,(id, nationality)

Rx(dept, dept_type, dept_phone)

R,(dept, id)



Multivalued Dependency - a describes the
relationship between two subsets inside a relation

X > Y, X multivalued determines Y

______ X Y zZ
________ 1 1 3
_______ 2 1 2
_______ 2 2 3
________ 1 2 3
_______ 2 1 3
_______ 2 2 2
3 1 2




Multivalued Dependency - a describes the
relationship between two subsets inside a relation

X » Y, X doesn’t multivalued determine Y




Rule of complementation

X>»>Y=>X->»>R-—-Y

Rule of augmentation

X>»Y, LZCW=XW-> Y/

Rule of transitivity

X>»>Y, VYo>W=ssX>W-Y



X:{Xl ..... Xn}, Y:{Yl ..... Yk},XgR, YQR

Rule of replication

X—=>Y=>X->»Y

Rule of coalescence

X-> Y, AW WnY=0.W —> Z;
/CY=>X->Y

Rule of transitivity

X>»>Y, Y > W= X>W-Y



Multivalued Dependency

Ay, ..., A} » {By,...,B, }

= {B,,...,B,} C{A,,..., A



Fagin Theorem
R(A, B, C) can be decomposing into
R,(A, B)
RyA,C) A > B

If and only if there is a MVD OR
A->»C



4 NF

e X > Y is a nontrivial MVD
e X is a a Super Key for relation R



_____________________________________________________________________________________________________________________________________________________

_____________________________________________________________________________________________________________________________________________________

_____________________________________________________________________________________________________________________________________________________

Petr  Database  tennis

Student - Course

Student - Hobby



Student Course  Hobby

_______________ van  Database footbal

_______________ van  Database basketball

_______________ van  Java  footoal = =

_______________ van  Java  basketball
Petr Database tennis
Student Course Student Hobby
_______________ van  Database Mg van football
van  Java | van  basketball

Petr  Database Petr tennis




5 NF

~ PJ/NF (Projection-Join NF)

* For every non-trivial join
dependency is implied by the
candidate keys



Join Dependency
*(X,Y,...,Z)onrelatonR = (X, Y,...,Z)

if and only if R can be restored without
lose data by join all projections for every

X, Y,...,.Z



'Employee Dept  Project
~ lanov T Dataanalyse
~ Ianov | F__ nance Java integration =
~ Sidorov T Javaintegration

lvanov T Java integration
Employee Dept = Dept Project
vanov | T (| Finance. Java integration
lvanov | Finance T Data analyse
Sidorov T T Java integration

Employee PrOject

_________________________________________________________________________________________________

_________________________________________________________________________________________________




Fagin Theorem
R(A, B, C) satisfies * {AB,AC}

A->»>B|C=*{AB,AC}
A->DB
If and only if there is a MVD OR
A->»C



Principle of full normalization (PoFN)

INF

2NF

3NF
BCNF



R = College(Name, City, cntStudents, avg Point)

R, = CollegeCity(Name, City)

R, = CollegeStudents(Name, cntStudents)

R; = CollegePoint(Name, avgPoint)




Principle of full orthogonal design (POOD)

AUB = {A,B)

A
ANB=0
A—B=A



ID Company EStatusé

-------------------------------------------------------------------------------------------------------------------------------------------------------------------

___________________________________________________________________________________________________________________________________________________________________

___________________________________________________________________________________________________________________________________________________________________

321 Company #5 5 EI\/Ioscovv




Huge Table | Partition




Kazan

Moscow
Murmansk :

N. Novgorod

N. Chelny

St. Petersburg

Irkutsk
Samara
Novosibirsk i

....................................

....................................

....................................

....................................

....................................

....................................

: >
data distribution

by Range

from

January

to April

from

May
to August :

from
September
to December

....................................

....................................

....................................

....................................

....................................

....................................

....................................

: >
data distribution

|
| >
data distribution




by Range-Hash

from
January
to April i

from
May :
to August :

from
September :
to December :

Kazan i
Moscow
Murmansk :

N. Novgorod
N. Chelny :
St. Petersburg

Irkutsk
Samara
Novosibirsk

by List-Range

January to April

May to August

September to December




CREATE TABLE test.list @
(id BIGINT, |

name VARCHAR)
PARTITION BY LIST(id); e

‘0
) CREATE TABLE test.list 1
PARTITION OF test.list
FOR VALUES IN (1,2,3,4,5).

\J

CREATE TABLE test.list 2
PARTITION OF test.list
FOR VALUES IN (6,7,8,9,10);



ID Company EStatusé

-------------------------------------------------------------------------------------------------------------------------------------------------------------------

...................................................................................................................................................................

456 Company #2 30 Kazan

ID Company

___________________________________________________________________________________________________________________

________________________________________________

____________________________________________________________________________________________________________________________________________________________________

456 ;Company #2 30 Kazan




Many designs possible

Some of them are more better than others

Which design is more convenient for you?



COMMIT;




