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attributes
%m columns)

ID name dept_name salary
10101 | Srinivasan | Comp. Sci. | 65000
12121 | Wu Finance 90000
15151 | Mozart Music 40000
22222 | Einstein Physics 95000
32343 | El Said History 60000
33456 | Gold Physics 87000
45565 | Katz Comp. Sci. | 75000
58583 | Califieri History 62000
76543 | Singh Finance 80000
76766 | Crick Biology 72000
83821 | Brandt Comp. Sci. 92000
98345 | Kim Elec. Eng. 80000
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instructor akl,:Jjlo W

ID nane dept_name salary
22222 | Einstein Physics 95000
12121 | Wu Finance 90000
32343 | El Said History 60000
45565 | Katz Comp. Sci. | 75000
98345 | Kim Elec. Eng. 80000
76766 | Crick Biology 72000
10101 | Srinivasan| Comp. Sci. | 65000
58583 | Califieri History 62000
83821 | Brandt Comp. Sci. | 92000
15151 | Mozart Music 40000
33456 | Gold Physics 87000
76543 | Singh Finance 80000
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e schema: instructor (ID, name, dept name, salary)

e Instance:

ID name dept_name salary
22222 | Einstein Physics 95000
12121 | Wu Finance 90000
32343 | El Said History 60000
45565 | Katz Comp. Sci. 75000
98345 | Kim Elec. Eng. 80000
76766 | Crick Biology 72000
10101 | Srinivasan | Comp. Sci. | 65000
58583 | Califieri History 62000
83821 | Brandt Comp. Sci. 92000
15151 | Mozart Music 40000
33456 | Gold Physics 87000
76543 | Singh Finance 80000

Database System Concepts — 7th Edition 1.6 WWAA - (golos (oo bawgs' yudi 9 4oz i



Luls' &9

(Super Key) SK ods
(Candidate Key) CK o uils uuls
(Primary Key) PK Lol ods
(Alternate Key) AK ;S0 ols
(Foreign Key) FK =, o5

Database System Concepts — 7t Edition 1.7 WWAA - (golos (oo bawgs' yudi 9 4oz i



(Super Key) SK oS o

Obe 4 .ol alllo i.b.gl) 00 yuwS 40 Hlado LSO a5 alaly ylgic dcgozxo jlacgoxo ) 2 M
Ll LS Hlade ol Joleo Jguo saw 90 zod o &5 aluly Glawo G.ol.w| 31 =Sy R 9
b

oo H

.é)‘d&ﬁ)lflb‘\.bg')‘sjl.wkjl.o;)é |

Database System Concepts — 7th Edition 1.8 WWAA - (golos (oo bawgs' yudi 9 4oz i



(Candidate Key) CK wwils w5

.é)‘d )‘J.O.o @L& 3

oiloudl AL g0x0 39 ) “-g.».»S LA> I AL g.0x0 3 ) uT J.aoL’».c 3! GS‘ )f| ey by )ad.’b d...blf
Sl Ableg Hlade S BSO Caols K00

Cowd abayly SLulS pl dsgomo £ 52 (Wil ulS 58 Lol i il wudS LogJ uols” ol 2 W

ol Query s 4o o Jolop,ls B

Database System Concepts — 7th Edition 1.9 WWAA - (golos (oo bawgs' yudi 9 4oz i



(Primary Key) PK ol vulS

S (o0 (B yro e 4 g WS (0 L] 215D oS alal) W uils glaanls I (S W
0,10 (ol uals SO Losi> (ol ally 12 (ol pla ojl0 W ailS vl o Ploo gl alail) ;2 (g2

ol 4 |y Coml Wil Glauads 51 5 ool LB &5 1) wuer civo S 095 zlhb pdlgo bz ;0 B
SIS 0 D o ol adS lgie a1y T g S o Bl

Database System Concepts — 7th Edition 1.10 WWAA - (golos (oo bawgs' yudi 9 4oz i



(Alternate Key) AK y99 &S

D10 oL ;500 wals (Lol uuls 5 juf (s ilS ulS o

el 4 3l 00 g (B e w41 Lol alS 395 3 g alayly WAl Glaanls don ST
Sl % @ a5 0590 w il wlS Wz haild g 09l (o0 (B pre ol uuls SO gl i o Ll W
Mgl (0 (5o ;U

Database System Concepts — 7t Edition 1.11 WWAA - (golos (oo bawgs' yudi 9 4oz i



(Foreign Key) FK (& 41> oIS

o5 R1 abayly j0 a5 R2 aluyl) ©lao 5l acgoo 1) 32 o 5o (o0 15 ;3 5 R2 g RI alasly g0 W

09y 0 0 b akuly b Ldgue glgil (o Olbld )l puled glp 2yl oals @

3,5 waplas by Sumols aclgd ol yod 4y [y (Reference) glo,l g oo, olS 55 Jol5 oy B

Database System Concepts — 7t Edition 1.12 WWAA - (golos (oo bawgs' yudi 9 4oz i



olwats 0018 ol Jlo

O3S e oolasw! pudlin plod (4018 yLiG (gl oLGIS 0810 oSG 3l o o (! ;0 W
Jols W

(Students) b gxidls @
(Instructors) v 0o ©
(Classes) b M5 ©
3l oyg0 alip Jlo W
a2 b ()0 9 plw e (pligmiils (39331 @
O (92l o Syl g o (30 (5l f3g0T o L e @
obgmiils Wlyei cud @
ginild 4ol )5 s lw g (GPA) Juxo acwlxo ©

Database System Concepts — 7th Edition 1.13 WWAA - (golos (oo bawgs' yudi 9 4oz i



Schema Diagram for University Database

advisor

8 id
i

I Database System Concepts — 7t" Edition

1.14

e sfudent
I p LD it}
couyse id Ha e
E———M o depl_name
semester mtiereg
Py
grade
section CONEIE
W cowrse id ¥ — __E coyrse id department
L S0 id o title D
dept Hame
— femeder e dept_name [ —» i
M rear ' fime slof credits wass
| building — budget
room _aumber Hime slot id
Hme slot id day
Sart e
end_time
rereq instrLictor
classroom L ourse id o
L Duilding revey dd Hame
L room_pumber dept_name
capecity feqehes salary
I
coyrse id
oo dd
semester
ey

IWAA - solos g bawgi juudi g dos 5



(Relational Query Languages) ! 4ty 592 9 v 9 b

(declarative) ~awogs b (non-procedural) gl 44,0 blio ;o (Procedural) gl 4y, M
<! 49, — (Relational algebra) ¢l akuly o ®

! 49,0 — (Tuple relational calculus) LU ol akuly Gl @
<! 49,6 — (Domain relational calculus) <wls ¢l akuly Gl @
ol il 398 (4L aw o (Flowlro ©Hu3
Sl alagly S 35 o] Jolo g 09 o0 Jlosl alaly 51 diged Sy 929 oy SO
bl (o0 Call 92 g ) S 4 (5999 ally Lo @
sl gl 38 922 9 oy Ky 31 ol ally (glons @

Sl gl alaly oo 2 35 pod' Jad (p] o W
o (pilo SOy 90 Jolro @

Ll gl b Slos F Jolls @

Database System Concepts — 7th Edition 1.15 WWAA - (golos (oo bawgs' yudi 9 4oz i



(Relational Algebra) ! ksl y >

Olgne a1y alaly 90 b SO JSlos 2 45 090 (0 Klos goluai Jolds .coml gl gy by o M
WS (0 ddel ol 29y lae A wsae adaly) S g L0 (69959
4?’L?" s’l EIRS .

adasly S (b yhaw) LU 51 A gomo y §j S i 35 1(0) Selection b asoxs (s 35 ®
(Jgu)

(Jgo2) aluly S5 5l ol slaygiw Gl :(LDProjection b g5 5 @

.

abuly 90 cuS 5 ol (X)) Cartesian-product b Cross-product b :p 3,5 Gpo ©®
(Jgu=)
(J992) alasly Ky 31 P slogygin Shalas :()Set-difference b Jolis ©
(J392r) abaly Sy 3l o5 b oygins Gialed () Union | glosa!
(0) renaming b oL So b ol i ©
bSlas ;5p0 B
(N) Intersection L &' xsl (=) division b puwds (P> ) Join b wign ©

Database System Concepts — 7th Edition 1.16 WWAA - (golos (oo bawgs' yudi 9 4oz i



elect Operation) LRSI b Wwosd ¢ s ¥ Shos

03,91 » |y (Selection predicate U selection condition) ice ;5 by &5 o yaw olxsl B
QoS

® Notation: o p(r)
B pis called the selection predicate

(Physics) oG 38 09,5 guac (wydwo a5 oy lod Ol 1y instructor sl 51 oo :Jle ©
ol

B Example: select those tuples of the instructor relation where the instructor is in
the “Physics” department.

Query o

ID name dept_name salary
22222 | Einstein Physics 95000
12121 | Wu Finance 90000 O __ . s(instructor
32343 | El Said History 60000 dept_name="Physics ( )
45565 | Katz Comp. Sci. | 75000
98345 | Kim Elec. Eng. | 80000 D nane dept_name Sa!ary
76766 | Crick Biology 72000 —— :
10101 | Srinivasan | Comp. Sci. | 65000 22222 Einstein Physics 95000
58583 | Califieri History 62000 .
83821 | Brandt Comp. Sci. | 92000 33456 Gold Physics 87000
15151 Mozart Music 40000
33456 | Gold Physics 87000
76543 | Singh Finance 80000
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Select Operation (Cont.)

We allow comparisons using

in the selection predicate.

We can combine several predicates into a larger predicate by using the connectives:
A (and), v (or), — (not)
B Example: Find the instructors in Physics with a salary greater $90,000, we write:

AN > 90,000 (instructor)

O dept name= “Physics "/ salary

B Then select predicate may include comparisons between two attributes.

e Example, find all departments whose name is the same as their building name:

¢ O-dept_name=building (department
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(Project Operation) g 9 JShos

Fy Comd jo a5 b yeiw .cwwl (Unary) S Slee Sy g5 B
Ngls o0 BA> (29,5 50 dl

> .05 Qi |y (duplicates) b s, S5 Wb o5 JSloc B
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B Notation:
I1 ApApAz Ay ()

where 4,, A, are attribute names and r is a relation name.
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Project Operation (Cont.)

B Example: eliminate the dept name attribute of instructor

H Query:
l_[ID, name, salary (instructor )
B Result:
D name salary
10101 Srinivasan 65000
ID name dept_name salary 2121 W 90000
22222 | Einstein Physics 95000 15151 Mozart 40000
12121 | Wu Finance 90000 92222 Einstein 95000
jgzgz El ?aid gistorYS _ ‘;(5’888 32343 | ElSaid 60000
atz omp. Sci.
98345 Klm E¥ec. Eng. 80000 iiizg (Izgzd 3;888
76766 | Crick Biology 72000
10101 | Srinivasan | Comp. Sci. | 65000 58583 | Califieri 62000
58583 | Califieri | History 62000 76543 | Singh 80000
83821 | Brandt Comp. Sci. | 92000 76766 Crick 72000
15151 | Mozart Music 40000 83821 Brandt 92000
33456 | Gold Physics 87000 08345 Kim 20000
76543 | Singh Finance 80000

Database System Concepts — 7t" Edition
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ID name dept_name salary
22222 | Einstein Physics 95000
12121 | Wu Finance 90000
32343 | El Said History 60000
45565 | Katz Comp. Sci. | 75000
98345 | Kim Elec. Eng. 80000
76766 | Crick Biology 72000
10101 | Srinivasan | Comp. Sci. | 65000
58583 | Califieri History 62000
83821 | Brandt Comp. Sci. | 92000
15151 | Mozart Music 40000
33456 | Gold Physics 87000
76543 | Singh Finance 80000

(a) The instructor table

dept_name | building budget
Comp. Sci. | Taylor 100000
Biology Watson 90000
Elec. Eng. Taylor 85000
Music Packard 80000
Finance Painter 120000
History Painter 50000
Physics Watson 70000

(b) The department table o '
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Cartesian-Product Operation

4 550 adul) 5l o 2 b alaly) SO 5w po oS col (binary) 9990 Slos S B
oS (o0 Sl a6k U b sz ©yge
210 ald SO b abuly 40 ol o ol @ as ol jo W
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Og 0000 gwles XL W

B Example: the Cartesian product of the relations instructor and teaches
is written as:

instructor X teaches
Naol ablo S ol oL b gudd aluly g0 )S1: 5105 W
instructor.ID o

teaches.ID o
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The instructor X teaches table

InstructorIlD} | name dept_name | salary |teachesID | course_id | sec_id | semester | year
10101 Srinivasan| Comp. Sci. | 65000 10101 (8-101 1 Fall 2017
10101 Srinivasan | Comp. Sci. | 65000 10101 (CS-315 1 Spring | 2018
10101 Srinivasan | Comp. Sei. | 65000 [ 10101 | C8-347 1 | Fall 2017
10101 Srinivasan| Comp. Sci. | 65000 12121 FIN-201 1 Spring | 2018
10101 Srinivasan| Comp. Sci. | 65000 15151 MU-199 1 Spring | 2018
10101 Srinivasan| Comp. Sci. | 65000 22222 PHY-101 1 Fall 2017
12121 Wu Finance 90000 10101 CS-101 1 Fall 2017
12121 Wu Finance 90000 10101 S-315 1 Spring | 2018
12121 Wu Finance 90000 10101 (CS-347 1 Fall 2017
12121 Wu Finance 90000 12121 FIN-201 1 Spring {2018
12121 Wu Finance 90000 15151 MU-199 l Spring | 2018
12121 Wu Finance 90000 22222 PHY-101 1 Fall 2017
15151 Mozart Music 40000 10101 C8-101 1 Fall 2017
15151 Mozart Music 40000 10101 (’S-315 1 Spring | 2018
15151 Mozart Music 40000 10101 CS-347 1 Fall 2017
15151 Mozart Music 40000 12121 FIN-201 1 Spring | 2018
15151 Mozart Music 40000 15151 MU-199 l Spring |2018
15151 Mozart Music 40000 22222 PHY-101 1 Fall 2017
22222 Einstein | Physics 95000 10101 CS-101 1 Fall 2017
22222 Einstein | Physics 95000 10101 CS-315 1 Spring | 2018
22222 Einstein | Physics 95000 10101 (S-347 1 Fall 2017
22222 Einstein | Physics 95000 12121 FIN-201 1 Spring {2018
22222 Einstein | Physics 95000 15151 MU-199 1 Spring | 2018
22222 Einstein 95000 22222 PHY-101 1 Fall 2017

Physics

Database System Concepts -

A= oolos (gogeo bawgi pki g Aoz )5



(Join Operation) Wgw JShos

B The Cartesian-Product

instructor X teaches

associates every tuple of instructor with every tuple of
teaches.

® Most of the resulting rows have information about
instructors who did NOT teach a particular course.

B To get only those tuples of “instructor X teaches “ that
pertain to instructors and the courses that they taught, we
write:

O — teaches.iq (instructor X teaches))

instructor.id

e We get only those tuples of “instructor X teaches” that
pertain to instructors and the courses that they taught.

B The result of this expression, shown in the next slide
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Join Operation (Cont.)

B The table corresponding to:

WWAA - golos oo byl ydd g dor

O instructor.id = teaches.id (instructor X teaches))
InstructorID | name dept name | salary |teachesID | course id| sec_id | semester | year
10101 Srinivasan| Comp. Sci. | 65000 10101 CS-101 il Fall 2017
10101 Srinivasan| Comp. Sci. | 65000 10101 CS-315 I | Spring | 2018
10101 srinivasan| Comp. Sci. | 65000 10101 CS-347 1 Fall 2017
12121 Wu Finance 90000 12121 FIN-201 | Spring | 2018
15151 Mozart Music 40000 15151 MU-199 | Spring | 2018
22222 Einstein | Physics 95000 22207 PHY-101 il Fall 2017
32343 El Said History 60000 32343 HIS-351 | Spring | 2018
45565 Katz Comp. Sci. | 75000 45565 CS-101 1 Spring | 2018
45565 Katz Comp. Sci. | 75000 45565 CS-319 I Spring | 2018
76766 Crick Biology 72000 76766 BIO-101 il Summer| 2017
76766 Crick Biology 72000 76766 BIO-301 | Summer| 2018
83821 Brandt Comp. Sci. | 92000 83821 CS-190 il Spring | 2017
83821 Brandt Comp. Sci. | 92000 83821 CS-190 2 | Spring |2017
83821 Brandt Comp. Sci. | 92000 83821 CS-319 2 | Spring | 2018
98345 Kim Elec. Eng. | 80000 98345 EE-181 | Spring | 2017
Database System Concepts — 7t" Edition 1.26




Join Operation (Cont.)

The join operation allows us to combine a select operation and am
Cartesian-Product operation into a single operation.

Consider relations r (R) and s (S)

Let “theta” be a predicate on attributes in the schema R “union” S.
The join operation r xy s is defined as follows:

rXgs=oap(r X s)

®m Thus
O nstructor.id = teaches.id (inStr UCtOf X teaCheS ))

m Can equivalently be written as

in S tr u CtOf > Instructor.id = teaches.id teaCh es.

Database System Concepts — 7t Edition 1.27 WWAA - golos (o by ki 9 4o



(Union Operation) Slo>! Shos

B The union operation allows us to combine two relations
® Notation: r Us

B For r U s to be valid.

1. r, s must have the same arity (same number of attributes)

2. The attribute domains must be compatible (example: 2"d
column
of r deals with the same type of values as does the 2"
column of s)

B Example: to find all courses taught in the Fall 2017 semester,

or in the Spring 2018 semester, or in both

Ylcourse id (O semester="Fall” A year=2017 (section)) ©

Ylcourse id (O semester= ‘Spring ” A year=2018 (section))
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Union Operation (Cont.)

B Result of:

Hcourse_id (o semester="Fall ” A year=2017 (section)) v

Hcourse_id (o semester="Spring " A year=2018 (section))

course_id

C3-101
CS8-315
CS-319
CS-347

FIN-201
HIS-351
MU-199

PHY-101
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(Set-Intersection Operation) 1 sw! Shos

B The set-intersection operation allows us to find tuples that
are in both the input relations.

B Notation: rNs

B Assume:
® r, s have the same arity
e attributes of r and s are compatible

B Example: Find the set of all courses taught in both the Fall
2017 and the Spring 2018 semesters.

Yeourse id (O semester="Fall” A year=2017 (section)) N
Llcourse id (O semester= ‘Spring " A year=2018 (section))

® Result

course id
CS-101
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(Set Difference Operation) Jol& hos

The set-difference operation allows us to find tuples that are in one
relation but are not in another.

B Notationr—s

Set differences must be taken between compatible relations.
e r and s must have the same arity

e attribute domains of » and s must be compatible

B Example: to find all courses taught in the Fall 2017 semester, but

not in the Spring 2018 semester

Hcourse_id (O semester= ‘Spring ” A year=2018 (section))

course id

Hcourse_id (O semester="Fall” A year=2017 (section)) —
(CS-347

PHY-101 .
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The Assignment Operation

B [Itis convenient at times to write a relational-algebra expression
by assigning parts of it to temporary relation variables.

B The assignment operation is denoted by <— and works like
assignment in a programming language.

B Example: Find all instructor in the “Physics” and Music
department.

Physics <= O o5t name= »(instructor)

“Physics

Music <= O 4,5t name=“Music» (instructor)

Physics \U Music

B With the assignment operation, a query can be written as a
sequential program consisting of a series of assignments
followed by an expression whose value is displayed as the result
of the query.
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The Rename Operation

B The results of relational-algebra expressions do not have a
name that we can use to refer to them. The rename operator,

P, is provided for that purpose

B The expression:

P, ()

returns the result of expression E under the name x

H Another form of the rename operation:

Pr1,42, .. An) (E)
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Equivalent Queries

B There is more than one way to write a query in relational algebra.

B Example: Find information about courses taught by instructors in
the Physics department with salary greater than 90,000

Query 1

o dept_name=“Physics ”’\ salary > 90,000 (instructor)

B Query2

(o S instructor
ry > 90.000

sala

o dept_name= "Physics

B The two queries are not identical; they are, however, equivalent --
they give the same result on any database.
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Equivalent Queries

There is more than one way to write a query in relational algebra. 0

Example: Find information about courses taught by instructors in the
Physics department

Query 1

O:Jept_name= “Physics ( instructor instructor.ID = teaches.ID teach es)

® Query?2

(O-dept_name= “Physics” (In structor, )) ™ instructor.ID = teaches.ID teaches

® The two queries are not identical; they are, however, equivalent -- they
give the same result on any database.
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Examples of Division A/B

Database System Concepts — 7t" Edition
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Select Operation — Example

m Relationr

® Gp=prp>5(M)
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Project Operation — Example

Relation r: -

e [E
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Union Operation — Example

Relations r, s:

r

B rus:
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Set Difference Operation — Example

Relations r, s:
A | B A | B
a | 1 o
a | 2 g | 3
g1 s
:
W r-—s:
A | B
a | 1
L1

IWAA - solos g bawgi juudi g dos 5
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Cartesian-Product Operation — Example

Relations r, s:
A | B C|D|E
a a | 10| a
L1 10| a
B2 L 120 b
r y | 10| b
S
rXs:
A| B | C|D|E
al|l 1| a| 10| a
al| 1|4 |10 a
al| 1| 20| b
a| 1| |10 b
p| 2| a|10]| a
gl 2| |10 a
gl 2| 20| b
g1 2] y1101 b
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Composition of Operations

Can build expressions using multiple operations

B Example: 6,_o(rxs)

W orxs A|B|C|D|E
a| 1| a|10]| a
a| 1| |10]| a
a| 1| p1]120| b
a| 1|y |10 b
p| 2| a|10]| a
gl 2| |10 a
1l 2| p4]20] b
g1l 2 y110] b

B Gp(rxs)

>
vy
O
O
m

a | 1| a| 10| a
12| 6|10 a
B l2| 6|20 b
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Set-Intersection Operation — Example

Relation r, s: A B A .
o | 1 o | 2
; : B | 3
r S
ros A | B
o | 2
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= N& tural Join Operation — Example

B Relationsr, s

S
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Division Operation — Example

® Relations r, s: -
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Another Division Example
4]alcfo]e]  [o]e
.

HHH
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® Relations r, s:




L Oiter Join — Example

B Relation loan
m Relation borrower
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ter Join — Example

® Inner Join

loan X Borrower

m Left Outer Join
loan _Tx| Borrower
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fiter Join — Example

® Right Outer Join
loan XU borrower

®m Full Outer Join

loan _X_ borrower
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