SQL DML (cont)

GROUP BY, HAVING
ODER BY




Valoarea NULL

m [n anumite situatii valorile particulare ale unor attribute
(cAmpuri) pot fi necunoscute sau inaplicabile temporar.

m SQL permite utilizarea unei valori speciale null pentru astfel de
situatii.

m Prezenta valorii null implica unele probleme suplimentare:

m E necesard implementarea unei logici cu 3 valori: true, false si null
(de exemplu o conditie de tipul rating>8 va fi intotdeauna evaluata
cu false daca valoarea campului rating este null)

m E necesard addugarea unui operator special IS NULL / IS NOT
NULL.



COUNT (*)

: COUNT ( [DISTINCT] A)
Operatori de agregare  |o\/ pistiet] A)

AVG ( [DISTINCT] A)

MAX (A)
MIN (A)
\ atribut

SELECT COUNT (*)
FROM Students S
SELECT AVG (S.age) SELECT S.name
FROM Students S FROM Students S
WHERE S.gr=921 WHERE S.age = ANY

(SELECT MAX (S2.age)

SELECT COUNT (DISTINCT S.gr) FROM Students S2)

FROM Students S
WHERE S.name=‘Bob’



GROUP BY / HAVING

For i = 221,222,223,224. . .:

SELECT MIN(S.age)
FROM Students S
WHERE S.gr = 1



GROUP BY / HAVING

SELECT [DISTINCT] target-list
FROM relation-1list

WHERE qualification

GROUP BY grouping-list
HAVING group-qualification




GROUP BY / HAVING

SELECT [DISTINCT] target-list
FROM relation-list

WHERE qualification

GROUP BY grouping-list
HAVING group-qualification

m Un grup este o multime de tupluri care au aceeasi valoare pentru
toate atributele din grouping-list.

m farget-list contine (i) nume de atribute sau (ii) termeni ce utilizeaza
operatori de agregare (e.g., MIN (S.age)).

m numele de atribute (i) trebuie sd fie o submultime a grouping-list.

m Intuitiv, fiecare tuplu din rezultat corespunde unui grup, si toate
atributele vor avea o singurd valoare per grup.



Numarul studentilor cu nota la cursurile cu 6 credite si media
notelor acestora

SELECT C.cid, COUNT (*) AS scount, AVG(grade)
FROM Enrolled E, Courses C

WHERE E.cid=C.cid AND C.credits=6
GROUP BY C.cid

Courses

cid cname credits Enrolled

Algl | Algorithms1 7 sid | cid | grade
DB1 | Databasesl 6 1234 | Algl 9
DB2 | Databases2 6 1235 | Algl 10
Students 1234 [DB1 | 10
sid name email age | gr 1234 | DB2

1234 |John |j@csro |21 |331 1236 |DB1 | 7

1235 | Smith | s@cs.ro | 22 331
1236 | Anne a@cs.ro | 21 332




Enrolled Courses
sid | cid | grade | cid cname credits
1234 | Algl 9 Algl | Algorithmsl 7
1234 | Algl 9 DB1 | Databasesl 6
1234 | Algl 9 DB2 | Databases?2 6
1235 | Algl 10 Algl | Algorithmsl 7
1235 | Algl 10 | DB1 | Databasesl 6
1235 | Algl 10 | DB2 | Databases2 6
1234 | DB1 10 | Algl | Algorithmsl 7
1234 | DB1 10 DB1 | Databasesl 6
1234 | DB1 10 DB2 | Databases?2 6
1234 | DB2 9 Algl | Algorithmsl 7
1234 | DB2 9 DB1 | Databasesl 6
1234 | DB2 9 DB2 | Databases2 6
1236 | DB1 7 Algl | Algorithmsl 7
1236 | DB1 7 DB1 | Databasesl 6
1236 | DB1 7 DB2 | Databases?2 6

SELECT C.cid,
COUNT (*)AS scount,
AVG (grade)Z
FROM nrolled
ourses C

AN

C.credits=6
GROUP BY C.cid

WHERE




Enrolled Courses
sid | cid | grade | cid cname credits
1234 | Algl 9 Algl | Algoritmics 1 7
1235 | Algl 10 | Algl | Algoritmics 1 7
1234 | DB1 10 DB1 | Databasesl 6
1234 | DB2 J) DB2 | Databases2 6
1236 | DB1 7 DB1 | Databasesl 6

SELECT C.cid,

COUNT (*) AS scount,
AVG (grade)AS average

FROM

GROUP BY

Enrolled E,
Courses C
WHERE E.cid=C.cid

C.credits=6
. C10




sid | cid | grade | cid cname credits
1234 | DB1 10 DB1 | Databasesl 6
1234 | DB2 DB2 | Databases2 6
1236 | DB1 7 DB1 | Databasesl 6
cid | scount |average
DB1 2 8.5
SELECT —
COUNT (count , DB —+——9~
AVG (grade)AS average
FROM Enrolled E,
Courses C
WHERE E.cid=C.cid

AND

C.credits=6
GROUP BY

HAVING MAX (grade) =

10




Sortarea rezultatului interogdrilor

m ORDER BY column | ASC | DESC] |, ...]

SELECT cname, sname, grade
FROM Courses C
INNER JOIN Enrolled E ON C.cid = E.cid
INNER JOIN Students S ON E.sid S.sid
ORDER BY cname, grade DESC , sname



Sortarea rezultatului interogdrilor

m Rezultatul e sortat dupa orice camp din clauza
SELECT, inclusiv expresii sau agregdri:

SELECT gr, Count(*) as StudNo
FROM Students C

GROUP BY gr

ORDER BY StudNo



Rafinarea structurii
bazelor de date

(Dependente functionale)

3



Structura bazei de date

Structura relatiilor
+

Constrangeri



Exemplu: relatia MovieList

Title Director Cinema Phone | Time

The Hobbit Jackson Florin Piersic | 441111 | 11:30

The Lord of the Rings 3 | Jackson | Florin Piersic | 441111 | 14:30

Adventures of Tintin | Spielberg Victoria | 442222 |11:30

The Lord of the Rings 3 | Jackson Victoria | 442222 | 14:00

War Horse Spielberg Victoria | 442222 |16:30
Constrangerti:

m Fiecare film are un regizor

m Fiecare cinematograf are un numar de telefon

m Fiecare cinematograf incepe proiectia unui
singur film al un moment dat




Proiectare defectuoasa!

Title Director Cinema Phone | Time

The Hobbit Jackson | Florin Piersic | 441111 | 11:30

The Lord of the Rings 3 | Jackson | Florin Piersic | 441111 | 14:30

Adventures of Tintin | Spielberg Victoria | 442222 |11:30

The Lord of the Rings 3 | Jackson Victoria | 442222 | 14:00

War Horse Spielberg Victoria | 442222 |16:30

Anomalie de inserare
Anomalie de stergere
Anomalie de actualizare




Rafinarea unei structuri defectuoase

prin descompunerea In mai multe structuri “bune”

Movies Screens
Title Director Cinema Time Title
The Hobbit Jackson Florin Piersic | 11:30 | The Hobbit
The Lord of the Rings 3 Jackson Florin Piersic | 14:30 | The Lord of the Rings 3
Adventures of Tintin Spielberg Victoria 11:30 | Adventures of Tintin
War Horse Spielberg Victoria 14:00 | The Lord of the Rings 3
Victoria 16:30 | War Horse
Cinema
Cinema Phone \/ Anomalie de inserare
Florin Piersic | 441111 ‘/ Anomalie de stergere
Victoria 442222

\/ Anomalie de actualizare




Cum determinam
daca o structura este
“buna” sau "defectuoasda”?

Cum transformam
o structura defectuoasa
intr-una buna?



Teoria dependentelor functionale furnizeaza o
abordare sistematica a celor doua intrebari

Introdusa de
Edgar Frank Codd in:

“A relational model for large shared data banks”,
Com. of the ACM, 13(6), 1970, pp.377-387.



Dependente functionale

oa—f
a, B sunt submultimi de atribute ale R
“o determind functional p”

sau
“B depinde functional de a”



Definitie dependente functionale

Dependenta functionald a — 3 este satisfdcuta
de R daca si numai daca

pentru orice instantd a lui R,

oricare doua tupluri ¢, si ¢, pentru care
valorile lui o sunt identice

vor avea de asemenea valori identice pentru p.



O dependentd functionald
a— [
este triviala dacd

a>op.



Title Director Cinema Phone | Time
The Hobbit Jackson Florin Piersic | 441111 | 11:30
The Lord of the Rings 3 |Jackson | Florin Piersic | 441111 | 14:30
Adventures of Tintin | Spielberg Victoria | 442222 |11:30
The Lord of the Rings 3 | Jackson Victoria  |442222|14:00
War Horse Spielberg Victoria  |442222|16:30

Dependente functionale pentru relatia MovieList:

1. Title — Director

2. Cinema — Phone

3. Cinema, Time — Title




Fie r instanta unei relajcii R

m Spunem cd r satisface DF o — f dacd
pentru orice pereche de tupluri
t; sit, din r astfel incat  (t;) = 7 (t,),
este de asemenea adevarat cd i (1) = 74 (£,).

sau
Vit ther
T (t) = 7o) = g (t) = “B(tz) *

* 1, (t) este proiectia atributelor o pentru tuplul t



Fie r instanta unei relajcii R

m 0 DF f este satisfacuta pe R dacd si numai daca
orice instantd r a lui R satisface f

m  nu respecta o DF f dacd r nu satistace f.

m 7 este o instanta legala a lui R daca r satistace
toate dependentele functionale definite pentru R.



Exemplu: Movie(Title, Director, Composer)

Title Director Composer
Schindler’s List Spielberg Williams
Saving Private Ryan Spielberg Williams
North by Northwest Hitchcock Herrmann
Angela’s Ashes Parker Williams
Vertigo Hitchcock Herrmann

m DF composer — director nu este respectatd de relatia Movie

m 7 satisface DF director — composer

Acest lucru nu inseamnad ca director—composer e respectat de Mowvie!




Problema implicatiei

Putem deduce cd o DF f e respectata de R
pe baza unei multimi de DF F ?

Exemplu: in MovieList, avem
F ={ Title > Director
Cinema — Phone
Cinema, Time — Title }

— Time — Director este respectata?

- Dar Cinema, Time — Director?



F implica logic pe f
notat prin

F=>f

daca fiecare instantd r a relajciei R
ce satisface F
satisfice si f



F & G : multimi de dependente functionale
f : dependeta functionala

F implicd logic G

notat prin

F=G

dacd F = ¢ pentru fiecare g € G



Inchiderea lui F
(notata prin F)
este multimea tuturor DF implicate de F

Fr={f|F=f]



F si G sunt echivalente
(notat prin F = G)

daca
Ft =Gt

(adicd F = G s1 G = F)



Axiomele lui Armstrong

Fiea, B, y< R

Reflexivitate: Daca B < o, atunci a —
Augmentare: Daca o — 3, atunci ay — By
Tranzitivitate: Daca a — 3 si f—y, atunci a— vy



Sistemul axiomelor lui Armstrong
este

Corect

(Orice FD derivata este implicata de F)

&

Complet
(Toate DF din F* pot fi derivate)



Exemplu: Fie R(A, B, C, D, E) cu multimea
F={A—>C B—>C CD — E}
ArataticaF = AD - E

Solutie:
1. A — C (dat)
2. AD — CD (augumentare cu (1))
3. CD — E (dat)
4. AD — E (tranzitivitate cu (2) si (3))



Reguli de inferentd aditionale

Reuniunea:

Daca o — 3 si oo — v, atunci a — By

Descompunerea:

Dacd o — 3, atunci oo — p’ pentru orice " < f3



Exemplu: Aratatica{A - BCD}={A—>B;A—> C A —> D}
Fie F = {A — BCD}
FieG={A—>B,A—>C A—>Dj
Prin regula de descompunere avem
F= A — B,
F=A->C(C, si
F=A->D
Prin urmare F = G
Din regula reuniunii avem
{A—>B,A—>C}=A —>BCsi
{A—>BC A—>D}=A—>BCD
Prinurmare G = F, deciF=G



Superchel, chel & atribute prime

m O multime de atribute o reprezinta o supercheie a
relatiei R (avand multimea de DF F) daca

F=a—>R
m O multime de atribute a e o cheie a relatiei R daca
(1) o este o supercheie, si
(2) nici o submultime a lui o nu e supercheie
(adicd, pentru fiecare c a, B > R ¢ F)

m Un atribut A € R se numeste atribut prim dacd A
face parte dintr-o cheie a lui R; in caz contrar, A se
numeste atribut neprim.



m Considerdm din nou relatia
MovieList (Title, Director, Cinema, Phone, Time)
cu DF

(1) Cinema, Time — Title
(2) Cinema — PPhone
(3) Title — Director

m {Cinema, Time} este singura cheie a relatiei MovieList.
m Cinema si Time sunt singurele atribute prime din MovieList.

m Orice multime ce include {Cinema; Time} e supercheie
a MovieList.



Inchiderea atributelor

Fie oo < R s1 F o multime de DF satisfacute pe R

m Inchiderea lui o (cu respectarea multimii F de DF),
notatd cu a”, este multimea de atribute ce sunt
determinate functional din a pe baza dependentelor
functionale din F; adica

o ={AeR|F=a—> A}

m Se observa ca F = a — B daca si numai daca
B < a*(cu respectarea DF din F)



Algoritm pt deteminarea inchiderii atributelor

Input: o, F
Output: o' (w.r.t. F)

Compute a sequence of sets of attrs o,
oy, .. O, Oy as follows:

= o; U Yy such that there 1s some FD
B—>y € F and B < a;

Terminate the computation once

o, = o, for some k

Return o,



Input: o, F
Output: a" (w.r.t. F)

Compute a sequence of sets of attrs oy, Oy, ... Oy, O,
as follows:

o, = o

;,; = O; U y such that there 1s some FD

B—>y € F and B < a,
Terminate the computation once a,,; = o, for some k
Return o,

Exemple: Fie F = {A - C;B - C,CD — E}, aratati ca F = AD—E

i oy FD folosit
0 AD dat

1 ACD A—-C
2 ACDE CD - E
3 ACDE -

Deci AD*= ACDE. Deoarece E e AD*, rezulta ca F = AD—>E



Descompunerea relatiilor

Descompunerea unei relatii R
este o multime de (sub)relatii

Ry, R,, ..., R }

astfel incat fiecare RcR si R=U R,

Daca r este o instantd din R,
atunci r se descompune in

{ry, Toyeer, o},

unde fiecare r; = 1y (1)



Proprietatile descompunerii relatiilor

1. Descompunerea trebuie sa pastreze informatiile

m Datele din relatia originald = Datele din
relatiile descompunerii

m Crucial pentru pdstrarea consistentei datelor!

2. Descompunerea trebuie sd respecte toate DF

m Dependentele functionale din relatia originald = reuniunea
dependentelor functionale din relatiile descompunerii

m Faciliteaza verificarea violarilor DF



1. Descompunerea trebuie sd
pastreze informatiile

Cu alte cuvinte:
putem reconstrui r
prin jonctiunea proiectiilor sale

{ry, 1, ..., 1.}

Observatie: dacd {R;, R,, ..., R} e 0 descompunere a R,
atunci pentru orice instantd r din R, avem

I C Tipy(1) @ TRy(1) ® ... @ 1y (1)



Descompunerea relatiilor

{ M, = (Cinema, Time)
M, = (Time, Title),
M, = (Title, Director),
M, = (Cinema, Phone)}

eo descompunere d.

MovieList(Title, Director, Cinema, Phone, Time)



Exemplu: relatia MovieList

Title Director Cinema Phone | Time

The Hobbit Jackson | Florin Piersic | 441111 | 11:30

The Lord of the Rings 3 | Jackson | Florin Piersic | 441111 | 14:30

Adventures of Tintin | Spielberg Victoria | 442222 |11:30

The Lord of the Rings 3 | Jackson Victoria | 442222 |14:00

War Horse Spielberg Victoria 442222 116:30
Constrangerti:

m Fiecare film are un regizor

m Fiecare cinematograf are un numar de telefon

m Fiecare cinematograf incepe proiectia unui
singur film al un moment dat




MovieList(Title, Director, Cinema, Phone, Time)

M1
Cinema Time M?2 .
Florin Piersic | 11:30 Time Title

Florin Piersic | 14:30 11:30 | The Hobbit
Victoria 1130 14:30 | The Lord of the Rings 3
Victoria 14:00 11:30 | Adventures of Tintin

Victoria 16:30 14:00 | The Lord of the Rings 3
16:30 | War Horse

M3

Title Director M4
The Hobbit Jackson Cinema Phone
The Lord of the Rings 3 Jackson Florin Piersic | 441111
Adventures of Tintin Spielberg Victoria 442222
War Horse Spielberg




Title Director Cinema Phone | Time
The Hobbit Jackson | Florin Piersic | 441111 | 11:30
The Hobbit Jackson Victoria 442222 | 11:30
The Lord of the Rings 3 | Jackson | Florin Piersic | 441111 | 14:30
Adventures of Tintin | Spielberg | Florin Piersic | 441111 | 11:30
Adventures of Tintin | Spielberg Victoria 442222 | 11:30
The Lord of the Rings 3 | Jackson Victoria 442222 | 14:00
War Horse Spielberg Victoria 442222 1 16:30




Descompunere cu jonctiune fdra pierderi
(Lossless - Join Decomposition)

O descompunere a R (avand DF F) in
{RLR,,..., R}
este O

descompunere cu jonctiuni fara pierderi

cu respectarea multimii F
dacd
Tr1(1) ® TRy (1) @ ... @ Mg () =1

pentru orice instantd r din R ce satisface F.



Fie descompunere lui R(A,B,C)

in {R;(AC), R,(BC)}
r,®r,
r r r
1 2 P B
A : A B C aq b,
o bl a, b, C a, b,
o 2 a, b, C Ay b,
a, | by 2, b,

m Deoarece r c r; ® 1,, descompunerea nu
este cu jonctiuni fard pierderi
(lossy decomposition)



Intrebarea 1

Cum determinam daca {R,, R,}
este o descompunere cu jonctiuni fara
pierderi a lui R?

Intrebarea 2

Cum descompunem R in {R,, R,} astfel
incat aceasta e
cu jonctiuni fara pierderi?



Intrebarea 1

Cum determinam daca {R,, R,}
este o descompunere cu jonctiuni fara
pierderi a lui R?

Teorema: Descompunerea lui R (cu mulfimea F de
DF) in {R,, R,} este cu jonctiuni fara pierderi cu
respectarea multimii F daca s1 numai daca :

F=R, N"R, >R,
sau
F=>R, NnR, >R,



Intrebarea 2

Cum descompunem R in {R,, R,} astfel
incat aceasta e
cu jonctiuni fara pierderi?

Corolar: Daca a—f3 este satisfacuta pe
R si a N B =, atunci descompunerea
lutR1in {R- 3, a}} este o
descompunere cu jonctiuni fara pierderi.



Teorema
Daca
{R{, R,} este o descompunere cu jonctiuni fara pierderi a lui R,
si daca
1R1 1, Ry} e 0 descompunere cu jonctiuni fird pierderi a lui R,
atunci

{R1 1, R, Ry} e 0 descompunere cu jonctiuni fird pierderi a R:

/\
/\

1,1 1,2



MovieList

Title Director Cinema Phone | Time
The Hobbit Jackson Florin Piersic | 441111 | 11:30
The Lord of the Rings 3 | Jackson Florin Piersic | 441111 | 14:30
Adventures of Tintin Spielberg Victoria 442222 | 11:30
War Horse Spielberg Victoria 442222 | 14:00
The Lord of the Rings 3 | Jackson Victoria 442222 | 16:30

Cinema-Screens

Movie Cinema Phone | Time Title

Title Director F. Piersic | 441111 | 11:30 | The Hobbit
The Hobbit Jackson F. Piersic | 441111 | 14:30 | Lne Lord of the

: : Ri
The Lord of the Rings 3 Jackson Ings 3
. : Victoria | 442222 | 11:30 | Adventures of Tintin
Adventures of Tintin Spielberg
) Victoria | 442222 | 14:00 | War Horse

War Horse Spielberg

The Lord of the

Victoria | 442222 | 16:30 | .
Rings 3




Cinema-Screens

Cinema Phone | Time Title
Movie F. Piersic | 441111 | 11:30 | The Hobbit
Title Director F. Piersic | 441111 | 14:30 IT{I.‘e L";d of the
ings
The Hobbit Jackson 5
Victoria 442222 | 11:30 | Adventures of Tintin
The Lord of the Rings 3 Jackson
Victoria 442222 | 14:00 | War Horse
Adventures of Tintin Spielberg The Lord of th
: ) e Lord of the
War Horse Spielberg Victoria | 442222 | 16:30 Rings 3
Screens
Cinema Time Title
Cinema F. Piersic | 11:30 | The Hobbit
' P
Czrfemz? fone F. Piersic | 14:30 | Saving Private Ryan
F .Plel‘S.IC 441 Victoria | 11:30 | Adventures of Tintin
Victoria 142222 Victoria | 14:00 | War Horse
Victoria | 16:30 | Saving Private Ryan
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