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Relation Name

STUDENT _ — +— %\ e
- Name Ssn Home_pﬁone Address mOfﬁce_phone ';Age Gpa
Benjamin Bayer | 305-61-2435 (817)3783-1616 | 2918 Bluebonnet Lane | NULL 19 | 8.21
> Chung-cha Kim | 381-62-1245 | (817)375-4409 | 125 Kirby Road NULL 18 | 2.89
Tuples \(—\: Dick Davidson | 422-11-2320 | NULL 3452 Elgin Road (817)749-1253 | 25 | 3.53
Rohan Panchal | 489-22-1100 (§17)376-9821 2656 Lark Lane (781 77)7749-6492 | 28 | 3.93
Barbara Benson | 533-69-1238 | (817)839-8461 | 7384 Fontana Lane NULL 19 | 3.25

Figure 5.1
The attributes and tuples of a relation STUDENT.
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Relation Name

STUDENT o a

Nimig Ssn Hame_phong Address Office_phone  Age  Gpa
Benjamin Bayor  305-61-2435  {817)373-1616 2918 Bluchannet Lana | NULL 19 821
/2 G m 881-62-1245 (317)375-4409 125 Kirby Road NULL 18 289
Tuples ’» Dick Davidson  422-11-2320 NULL 3452 Elgin Road (817)749-1253 25 353
o Rohan Panchal  489-22-1100  {817)878-8821 265 Lark Lane (817}1749-6492 28 3.93
Barbara Bonegon 533-69-1238  (817)839-B461 7384 Fonlana Lang NULL n 19 |3.25
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Figure 5.7
Referential integrity constraints displayed on the COMPANY relational database schema.
EMPLOYEE
Fname | Minit | Lname | Ssn | Bdate | Address | Sex | Salary I Super_ssn | Dno
‘ﬁ‘ |
DEPARTMENT ‘

Dname ] Dnumber ] Mgr_‘ssnw Mgr_stan_dale]
i

DEPT_LOCATIONS

[Gomier | Diocaion |

PROJECT

| Pname | Pnumber | Plocation anum ‘
L

WORKS_ON
Essn [ Pno | Hours ]
L J

DEPENDENT

| Essn | Dependent name | Sex | Bdate | Relationship
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€y C(EMPLOYEE DB On next poaged

\. Imsert <’Cecilia’, ‘F’, ‘Kolonsky’, NULL, ‘1960-04-05’, ‘6357 Windy Lane,
Katy, TX’, F, 28000, NULL, 4> into EMPLOYEE.

violate( entity wiregnty - (NUWLY)

2_ Insert <‘Alicia’, ‘J’, ‘Zelaya’, ‘999887777’, ‘1960-04-05', ‘6357 Windy Lane,
Katy, TX', F, 28000, ‘987654321’, 4> into EMPLOYEE.

vio\ates  Ley coniyainy  (8SNY)

6‘ Insert <‘Cecilia’, ‘F’, ‘Kolonsky’, ‘677678989’, ‘1960-04-05"

, ‘6357 Windswept,
Katy, TX', F, 28000, ‘987654321'’, 7> into EMPLOYEE.

violaves Teferentinl invearity (0ept)
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Figure 5.6
One possible database state for the COMPANY relational database schema.

EMPLOYEE
Fname | Minit | Lname Ssn Bdate Address Sex | Salary | Super_ssn | Dno
John B Smith 123456789 | 1965-01-09 | 731 Fondren, Houston, TX| M | 30000 |3334455556 | 5
Franklin F Wong | 333445555 | 1955-12-08 | 638 Voss, Houston, TX M [40000 |888665555 | 5
Alicia J Zelaya | 999887777 | 1968-01-19 | 3321 Castle, Spring, TX F |25000 |987654321 4
Jennifer S Wallace | 987654321 | 1941-06-20 | 291 Berry, Bellaire, TX F |43000 |888665555 | 4
Ramesh | K Narayan | 666884444 | 1962-09-15 | 975 Fire Oak, Humble, TX | M | 38000 |3334455655 | §
Joyce A English | 453453453 | 1972-07-31 [5631 Rice, Houston, TX F |25000 |333445555 | 5
Ahmad Vv Jabbar | 987987987 | 1969-03-20 | 980 Dallas, Houston, TX | M [25000 |987654321 4
James E |Borg 8886655655 | 1937-11-10 | 450 Stone, Houston, TX | M {65000 |NULL 1
DEPARTMENT DEPT_LOCATIONS
Dname Dnumber Mgr_ssn Mgr_star_date Dnumber Diocation
Research 5 333445555 1988-05-22 1 Houston
Administration 4 987654321 1995-01-01 4 Staiford
Headquarters 1 888665555 1981-06-19 5 Bellaire
5 Sugarland
5 Houston
WORKS_ON PROJECT
Essn Pno | Hours Pname Pnumber | Plocation | Dnum
123456789 1 325 ProductX 1 Bellaire 5
123456789 2 75 ProductY 2 Sugartand 5
666884444 3 40.0 ProductZ 3 Houston 5
453453453 1 20.0 Computerization 10 Stafford 4
453453453 2 200 Reorganization 20 Houston 1
333445555 2 10.0 Newbenefits 30 Stafford 4
333445555 3 10.0
333445555 10 10.0 DEPENDENT
339445688 | 20 | 100 Essn Dependent_name | Sex | Bdate | Relationship
999887777 30 | 300 333445555 | Alice F | 1986-04-05 | Daughter
999887777 10 | 100 333445655 | Theodore M | 1983-10-25 | Son
987987987 10 | 350 333445555 | Joy F | 1958-05:03 | Spouse
987987987 30 5.0 987654321 Abner M | 1942-02-28 | Spouse
987654321 30 | 200 123456789 Michael M | 1988:01-04 | Son
987654321 20 15.0 123456789 Alice F 1988-12-30 | Daughter
888665555 20 NULL 123456789 Elizabeth F 1967-05-05 | Spouse

© vibha’s notes 2021
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Il Update the salary of the EMPLOYEE tuple with Ssn = ‘999887777’

to 28000.
occeprnae
Q. Update the Dno of the EMPLOYEE tuple with Ssn = ‘999887777’
to 7.
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violares L, referentinl integrityy , vejected
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Figure 9.1
The ER conceptual schema diagram for the COMPANY database.
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2. Gross- Reference / Relaionthip Relaon Approach
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Step 7: Magpping of N-ory Relah nships

* Relatiswip Relaxion

(a)

Figure 9.4
Mapping the n-ary
relationship type
SUPPLY from
Figure 3.17(a).

SUPPLIER

~~{ Sname [ ... |

PROJECT

| Proj namel ]
4

PART
| Part_nol |

SUPPLY

—| Sname | Proj_name| Part_no] Quantity
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Table 9.1 Correspondence between ER and Relational Models

ER MODEL RELATIONAL MODEL

Entity type Entity relation

1:1 or 1:N relationship type Foreign key (or relationship relation)
M:N relationship type Relationship relation and two foreign keys
n-ary relationship type Relationship relation and » foreign keys
Simple attribute Attribute

Composite attribute Set of simple component attributes
Multivalued attribute Relation and foreign key

Value set Domain

Key attribute Primary (or secondary) key

RAATIONAL ALLEBRA % RELATIONAL CALLULUS

— Relationa) ﬁ\gsebm

.

Procedura\
Optimise Queries

— Relational  Calculus

.

Implemented n SQL
Next wnit

Higher 1eve( declarahive lav\\o)mse
RL-vno ovder of opevations

Relokional ﬁlaebm

Uosed operarint  input o velation awnd produce o wview velakion

\)vxon‘& opevations
Set Hhesryy opevations
Binary operatiovs
Additional operatiens
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Schewa,

Figure 5.7
Referential integrity constraints displayed on the COMPANY relational database schema.

EMPLOYEE

[ Fname I Minit | Lname | Ssn | Bdate | Address | Sex | Salary | Super_ssn[ Dno I
[ Aﬁ ]

DEPARTMENT
I Dname I Dnumber I Mgr_ssn ] Mgr_start_datel

DEPT_LOCATIONS
l Dnumber l Dlocation ]
L

PROJECT

I Pname | Pnumber I Plocation ‘ Dnum

WORKS_ON

[Essn | Pno [ Hous |
|

DEPENDENT
[ Essn [ Dependent_name I Sex ] Bdate ] Relationship ]

(1) UNARY OPERATIONS

1.\ Selelr oPeRATION

Unarp (&) = 6 onairiony (R~ Sigma

Taput: relalion, Output: relation with same Sthema (attribwtes)

Choose O Subgey of twplet in the velation R bosed an a
wndihion

.

€3' Ogpiary > avoop CEMPLOYEED

a’s notes 2021

© lan wse  combination of logieal  opefatrs C AND, DR, NOTY



) 66 rDl\c =2 AND Sa\A% ? 20000 (EMPLOY EE)

+ CommutaXive operation

* (nscade of 5= opevations (an be replaced with 0 Sirpe
0" opera¥ion with condifons  owbined wivw  ANDg

.2 PROJELT OPERNIION

" T owribwresy O T P

» Display subset of all arribures wiwh al  unique smpes (<
fuplet “in ovipinald

© e TLame, taloy, sex (EMPLOYEE)

* TFoneof oftributes is o Superkey, no.of tuples will be the
Same

* No¥ commutative

Figure 8.1
Results of SELECT and PROJECT operations. (2} O(no=4 AND Salan>25600) OR {Ono=5 AND Salar>30000) (EMPLOYEE),
(b) T pame, Frizme, S:'.I::I'«(EMpLOYEE)- (€) M3 5 nr',(EMPLOYEE)-
(a)
Frname | Minit | Lname | Ssn Bdate Address Sex | Salary | Super_ssn |Dno
Franklin T | Wong | 833445556 | 1955-12-08 638 Voss, Houston, TX M | 40000 | BB8EB5S555 | ©
Jennifer | S | Wallace | 987654321 | 1941-06-20 | 201 Berry, Bellaire, TX F | 43000 |8B8665555 | 4
Ramesh K Narayan | 666884444 | 1862-09-15 | 975 Firo Oak, Humble, TX| M | 38000 [3334455655 | 5
(b) (c)
Lname Fname | Salary | Sex | Salary
Smith John 30000 M | 30000
Wong Franklin | 40000 M | 40000
Zelaya Alicia 25000 F 25000
Wallace | Jennifer 430001 F 43000
Narayan | Ramesh | 38000 M | 38000
English | Joyce 25000 M | 25000
Jabbar Ahmad 25000 M | 55000
Borg James | 55000 ‘ - ‘
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Relafional Alaelora  Eadpress ins

* Can either stove intermediote vesults 6 write o tinge
stoyement

: ?.6'. R e— o
Dno =S

— )
Resuly Tlm e} Utz (R

. Siv\de. line:

Reguir «— T( (o o (BN

Fname, Lname ™ “0no-

(a)

Fname | Lname | Salary
John Smith 30000
Franklin | Wong 40000
Ramesh | Narayan | 38000
Joyce English | 25000

(b)

TEMP

Fname | Minit | Lname Ssn Bdate Address Sex | Salary | Super_ssn |Dno
John B Smith 123456789 | 1965-01-09 | 731 Fondren, Houston, TX | M | 30000 | 333445555 | &
Franklin T Wong 333445555 | 1955-12-08 | 638 Voss, Houston, TX M 40000 | 88B665555 | 5§
Ramesh K | Narayan | 666884444 | 1962-09-15 | 975 Fire Oak, Humble,TX | M | 38000 | 333445555 | &
Joyce A English | 453453453 | 1972-07-31 | 5631 Rice, Houston, TX F 25000 | 333445565 | 5
R

First_name | Last_name | Salary

John Smith 30000

Franklin Wong 40000

Ramesh Narayan 38000

Joyce English 25000

Figure 8.2

Results of a sequence of operations. () Trname, Lname, Salary (Gono=s(EMPLOYEE)).
(b) Using intermediate relations and renaming of attributes.
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1.3 RENAME OPERATION

: ﬂcg\,p_,B;,...,Bv\) (R +o rename R 4o § opnd¥he ottribures
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) thovdgs  column name Al 1o @)

: fcm—- &)

*  https://towardsdatascience.com/a-quick-guide-to-relational-algebra-operators-in-dbms-1ff2ddecaad?7

* on we wirh set W opYORNS Y0 waale waore waeaninaful
eory op )

(2 Ser THEORY OPERATIONS

21 UNON OPERATION

RV §

Londihions: union tompatible
- d%cee (s some (same wno. of akiribure)

- domawn & tame

€9: SSN of ol employees who either woe i depatiment
S o directly supervise an employee WWO werks in  department
$

Resultony  velahion oabftribwtes of @ LY defow\t Cfirst  velation)



DEPS-EMP — O

onosg LEMPLOYEED

RESVLTL &= T, LOEPS _EmPS)

RESULTYL (DEPS_EMPS)

essny  Msupertsw

RESULT €— RESVULTI VU RESULTL

RESULT1 RESULT2 RESULT Figure 8.3
Result of the UNION aperation
Sen Ssn Ssn RESULT « RESULT1 w RESULT2

123456789 333445555 123456789
333445555 888665555 333445555
666884444 666884444
453453453 453453453

888665555

‘Asa single retational alosbra expression, this becomes Result « mto., (6))-—n (EMPLOYEE) ) L
Msuper_sor (Opae—s (EMPLOYEE)).

QA INTERLELTION OPERMTION

R N S
Union awd intexgechion 0re  commutative

Some dimendont ; resultomt velation oartribwres of R gy chefaulk
Cfirst  velation)

Q-2 8T DIFFCERENCE 0DOPERATION

R-8

RNS=((RUS) - (R-S)) — (S - R)



Figure 8.4

The set operations UNION, INTERSECTION, and MINUS. (a) Twao union-compatible relations

(b) STUDENT U RUCTOR. {c) STUDENT m INSTRUCTOR. (d) STUDENT =~ INSTRUCTOR.
(2) INSTRUCTOR — STUDENT

(@) STUDENT INSTRUCTOR
l Fn_ | In l Fname 1 Lname (b) Fn Ln
r Susan | Yao [ John Smith Susan Yao
Ramesh | Shah | Ricardo | Browne Ramesh | Shah
L Johnny ‘ Kohler ‘. Susan | Yao Johnny | Kohler
‘ Barbara | Jones ‘, Francis | Johnson Barbara | Jones
Amy | Ford | Ramesh | Shah Amy Ford |
| Jimmy ,ﬂ& Jimmy Wang_J
Emnest Gilbert Emest Gilbert
John Smith
Ricardo | Browne
Francis | Johnson
(c) Fn Ln | @ /| Fn | Ln ® | Frname | Lname |
Susan Yao Johnny Kohler John Smith
Ramesh | Shah Barbara | Jones Ricardo | Browne [
Amy Ford Francis | Johnson
Jimmy Wang
| Ernest Gilbart

CARTES\IAN  PRODVCT

Combine fuples from 4wo relations fogedner

ROAY, ALy ...y BR) X S(B\,B2,. .. Bw)

Resudt & & (ALRYL, ..., AN, B\, R2, ... ,Rm)

One tuple for eath combinakion of +uples

No. of fuples in B = n0.0f tuples in A * no.of tuples in 8
Not o very wxe.aninsfui operation

Tuplet  way wno¥ always ave W\eaniﬂa

P % combinaton of Pke fom eadh participating  velation

© vibha’s notes 2021



STUDENT
Sid
|
2
3

&

STUDENT %X DEPARTMENT
Nawme

id

FFFRRWRWOL L=

Nawme

coo N NRPPRPpp P

Ono

Ono

DEPARTMENT

Ano
A
de
Ay

dname

cs
Ts
cC
cS
s
cc
cS
1s
cc
¢S
18
cc

New relation: Singers-Roles

dname
¢S

s
€c

SP\Ariov\s

)m?\es

Relation: Singers
Singer-id Singer-name Address Age
0126 Helen Drummond 1 Thorley Street 42
0243 Katerina Christou 12 High Road 37
0247 Desmond Venables 27 Long Lane 55
0253 Anne Freeman 5 Tower Hill 40
0554 Alphonse Trieste 20 Longchamps 34
0628 Tamanna Patel 9 Crown Hill 23
0855 Swee Hor Tan 4 Long Lane 54
0876 Panos Constantinou 32 Mallet Road 48
Relntion: Roles
Role-id Role-name
0101 Figaro
0175 Mimi

Singer-id | Name Address Age | Role- | Role-name
id
0126 Helen Drummond 1Thorley Street | 42 0101 | Figaro
0126 Helen Drimmond 1Thorley Street | 42 0175 | Mimi
0243 Katerina Christou 12 High Road 37 0101 | Figaro
0243 Katerina Christou 12 High Road 37 0175 | Mimi
0247 Desmond Venables 27 Long Lane 55 0101 | Figaro
0247 Desmond Venables 27 Long Lane 55 0175 [ Mimi
0258 Anne Freeman 5 Tower Hill 40 0101 | Figaro
4259 Anne Freeman 5 Tower Hill 40 0175 | Mimi
0594 Alphonse Trieste 20 Longchamps 34 0101 | Figaro
0594 Alphonse Trieste 20 Longchamps 34 0175 Mimi
0528 Tamanna Pate! 9 Crown Hill 23 0101 | Figaro
0628 Tamanna Pate! 3 Crown Hill 23 0175 | Mimi
0855 Swee Hor Tan 4 Long Lane 54 0101 | Figaro
0855 Swee Hor Tan 4 Long Lane 54 0175 | Mimi
0876 Panos Constantinou 32 Mallet Road 49 0101 | Figaro
0876 Panos Constantinou | 32 Mallet Road 45 0175 | Mimi
© vibha’s notes 2021




Q: Cownsvder ¥we (‘o\\owiv\@ relational OB  schema considring of iwe
four relahion  schemas:

possenser (pid, prawe, poender, peiw
ewy Caoid, onawme, ociiw)

fliont  (£id, fdate, +ime, sec, dest)

‘ooo\!.ivxﬁ(pid, oid, fid, fdared

Pncwer e Following - gumediioms

() Ger cowplete detaile of all flipats +o New Dethi

o (G\@«)

dest= New Delhi

() Get cowplete detaili of all fitjats frowi Cnewnai +o New Delint

6;;$f4|0¢v0 Oelhi Gnd Uhewnni CQ\wﬁpk)

@) Get towplete detail of all fiipars Sthedwed on both dates
oyufioo  owd 0212010 ok 16200

(O;M‘ = 0\/\2]2020 AND +ime =16200 C-G\(%\nﬂ) (\(S.F-Mg = 02/12)2020 AND ¥ime= \c,'.océ \‘%hﬂw

@) Get complete details of all “‘b‘““ sthedwled own either of tine
doves of bo¥a dates oyujimo awd  02]n]20r0 ok 16100

(ﬁdw\’n = 04/123020 AND +ime =16-00 C(\(@\ﬂ) U (S.F-MQ, = 02/12)2020 AND *iwe =\e'.océ “3““3

£ioy)

"(mus 0l/12)3020 ok fdute= 02/12]2010) AND +ime =16:00
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() RINRRY RCELATIONAL OPERATIONS

3.1 JOIN ©PeRATION

* Pecfsrms  tortesion Pfod\ud’ £ollowed oy sdedk In o ting\e

Step

+ Thera Pn RS

A, BB from S
from R operader L=,>=¢=, <> k)
oY eypression with  AND, OR , NOT

wioin R 8§
e S e

© Tuples fo  whith pIn attribwie are NULL do not appear in

3.2

Yae vesut
Figure 8.6
Result of the JOIN operation DEPT_MGR « DEPARTMENT # w_‘35,;3‘,,‘EMPLOYEE.
DEPT_MGR
Dname Dnumber Mgr_ssn e Fname | Minit | Lname Ssn

| Research 5 333445555 NNy Franklin T Wong 333445555
| Administration 4 987654321 *** | Jennifer S Wallace | 987654321
| Headquarters 1 8886665565 | *** | James E Borg 888665555

NATURAL JOIN

One ottribure name wwtyr Le omwmm ‘o both  velations

tqwijoin followed by project Cremove redundowy columns pg
ond @

R« ¢

can yoin / natural yoin as many times

© vibha’s notes 2021



(a)

PROJ_DEPT
Pname Pnumber Plocation Dnum Dname Mgr_ssn Mgr_start_date

ProductX 1 Bellaire 5 Research 333445555 1988-05-22
ProductY 2 Sugarland 5 Research 333445555 1988-05-22
ProductZ 3 Houston 5 Research 333445555 1988-05-22
Computerization 10 Stafford 4 Administration | 987654321 1995-01-01
Reorganization 20 Houston 1 Headquarters | BBBB665555 1981-06-19
Newbenefits 30 Stafford 4 Administration | 9876564321 1995-01-01

(b)

DEPT_LOCS

Dname Dnumber Mgr_ssn Mgr_start_date Location
Headquarters 1 8886655565 1981-06-19 Houston
Administration 4 987654321 1995-01-01 Stafford
Research 5 333445555 1988-05-22 Bellaire
Research 5 333445555 1988-05-22 Sugarland
Research 5 333445555 1988-05-22 Houston
Figure 8.7

Results of two natura! join operations. (2) proj_dept «— project * dept.
(b) dept_locs « department * dept_locations.

Complere Set of Relatimo\ Operations
* oM, 0, <, P, X
© Py operoXimy can be expressed ot o cowbination oF Yaese 6

© Notwvral yoin ¥ V\s\nﬁ nls  set: f—-—> X > 0 =T

3.3 DWISION OPERKTION

.

For Speciol queries -yeq: “Ferdh wnawmes of  emplogess who Work
on O Xhe projedks Ywak Rowan Swamy  workg  en”

* R XD where X C2

© vibha’s notes 2021



c Y=2-X = 7=z XVY

- Retuiy = TLY) Yot includes o fuple & & duples tp appear
n R owith £ 1Y) =4 owh with DTzt fov every

tuple k¢ & $

© Voles W & waust oppear in R in Cowbination with every

m?\e n &

* Sequeace oF M, X, —

§: Retrieve the names of employees who work on all the projects
that ‘John Smith’ works on.

SMITH « GFname=John' AND Lname="smith{(EMPLOYEE)
SMITH_PNOS ¢ Ttp,(WORKS_ON ™ g.er_gs:SMITH)

SSN_PNOS ¢ Teye, pno(WORKS_ON)

SSNS(Ssn) ¢~ SSN_PNOS + SMITH_PNOS

RESULT ¢ Mepame. Lnamel SSNS * EMPLOYEE)

Figure 8.8

The DIVISION operation, (2) Dividing SSN_PNOS by SMITH_PNOS, (1) T+ R+ S
(b)

(a)

SSN_PNOS SMITH_PNOS
Essn Pno Prio

123456789 | 1 1

123456789 2 2

666884444 | 3

453453453 1

453453453 | 2 SSNS

333445555 | 2 Ssn

333445555 | 3 123456789

333445555 | 10 453453453

333445555 | 20

999887777 | 30

999887777 | 10

987987987 | 10

987987987 | 30

987654321 | 80

987654321 | 20

888865555 | 20

S
A B
‘a1 | b al
a2 b1 a2
a3 b1 ald
ad b1
al | b2 T
a3 b2 B
a2 b3 b1
a3 b3 b4
a4 b3
al b4
a2 b4
a3 b4
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6 Retwwn  depr detailt ¥k contvol the project

EMPLOYEE

[ Fname I Minit [ Lname | Ssn I Bdate l Address [ Sex | Salary I Super_ssnl Dno ]

DEPARTMENT
[ Dname I Dnumber I Mgr“ssnl Mgr_start~date| V

DEPT_LOCATIONS
[Dnumber | Dlocation |

PROJECT
I Pname | Pnumber ] Plocation ‘ Dnum |k‘

WORKS_ON
| Essn | Pno | Hours |

Figure 5.5
DEPENDENT Schema diagram for the

l Essn. | Dependent_name | Sex | Bdate | Relationship ‘

PrOJecCT fw - mmt.oevmfmmr)
UG -y

[\

sPeLif\A al  column
nanage oy tesX

Join Suecﬁvﬁg

- ©tpected sive of join cesutt . _[O, noxng]

moximum Size Ne* Ng

© Rabo &)\

© vibha’s
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Table 8.1

Operations of Relational Algebra

OPERATION
SELECT

PROJECT
THETA JOIN

EQUUOIN

NATURAL JOIN

UNION

INTERSECTION
DIFFERENCE
CARTESIAN PRODUCT

DIVISION

QUERY TREE

PURPOSE

Selects all tuples that satisfy the selection
condition from a relation R.

Produces a new relation with only some of the
attributes of R, and removes duplicate tuples.

Produces all combinations of tuples from R,
and R, that satisfy the join condition.
Produces all the combinations of tuples from
R, and R, that satisfy a join condition with
only equality comparisons.

Same as EQUUOIN except that the join attributes
of R, are not included in the resulting relation;
if the join attributes have the same names, they
do not have to be specified at all.

Produces a relation that includes all the tuples
i R, or R, or both R, and Ry R, and R, must
be union compatible.

Produces a relation that includes all the tuples
in both Ry and Ry; R and R, must be union
compatible.

Produces a relation that includes all the tuples
in R, that are not in Ry; R, and R, must be
union compatible.

Produces a relation that has the attributes of
Ry and R, and includes as tuples all possible
combinations of tuples from R, and R,.
Produces a relation R(X) that includes all tuples
t[X] in R,(Z) that appear in R, in combination
with every tuple from Ry(Y), where Z=X U Y.

NOTATION

O <sefection condition> (R)
Tanribute ot (R)

Rl L <joln canditions RZ

Ry <join condition> RZ' OR
R1 b {<join attnbutes 1),
(<jom attributes 2> ) RP.
Rl’qoln conditians R

OR Ry* («join attributes 15,

(<join attributes 2)

Rz OR Rl * RZ
Ry UR,

leRg

Rg XR:

Ri(Z) + Ry(Y)

* Representotion of relakional algebmic  Structure

© Taput relotions:

leaf nodes

9: For every project located in ‘Stafford’, list the project number, the
controlling department number, and the department manager’s
last name, address, and birth date.

Lreate  query +ree Psr the  aboove O wery

© vibha’s notes 2021



QMQ}:

DEPTS e p (0EPARTMEND)® 6 piocation = Stadford C PROTECTD

Onhumber= Dnum

L & fcgﬂ_’Mr’W\(ew\pw\(e@ % DEPTS

RESU & ALL)
> T‘Pmmbe\*,bmm ,Lname | wddvess, Rdate ‘

EMPLOYEE
Fname | Minit | Lname | Ssn I Bdate | Address ] Sex l Salary [ Super_ssn[ Dno I

DEPARTMENT
Dname | Dnumber | Mgr ssn = Mgr start dale]

DEPT_LOCATIONS
Dnumbar ~ Dlocation

PROJECT
Pname | Pnumber | Plocation l Dnum I

WORKS _ON
Essn Pno | Hours

DEPENDENT

Esan I Dependent name | Sex | Bdate Relationship

P Pnumber,P.Dnum,E.Lname,E.Address,E.Bdate

(3)
. D.Mgr_ssn=E.Ssn

v
@

™ P.Dnum=D.Dnumber E EMPLOYEE

1

(1)

9 P.Plocation= ‘Stafford' DEPARTMENT

|

Figure 8.9
Query tree carresponding

" to the relational algebra
PROJECT expréssionforz, notes 2021



(4) ADDITIONAL RELATIONAL OPERATIONS

4.\ ewwaLizeD PROJECT

Requicement & fo penerate o repstt on o relation

As an example, consider the relation
EMPLOYEE (Ssn, Salary, Deduction, Years_service)
A report may be required to show

Net Salary = Salary — Deduction,
Bonus = 2000 * Years_service, and

Tax = (.25 * Salary
Then a generalized projection combined with renaming may be used as follows:

REPORT ¢ p(Ssn, Net_salary, Bonus, Tax)(nSsn, Salary - Deduction, 2000 * Years_service,
0.25 » Salary(EMPLOYEE)) /(

T(‘:\ NN (R) funtbion T OYGW

4.2 ALLRELATE PUNLTIONS AND LROVPING

© 7 Suript FoSywbol
w0

Coroup Otvibowtes ? 3 Oupfedpte funckion 1isk )

t-1-1_Pparesate
- W sotary (EMPLOYEE)

MAX, Min, averaoe , Sum, tount

4.1.2 (roupino
v U

© Ltk of  attrivuves |
© vibha’s notes 2021



Do 3 COUNT Ssn, AVERAGE Salary(EMPLOYEE)

R
@ | Do No of employees Average_sal ®) | pro Count_ssn Average_salary
5 4 33250 5 4 33250
4 3 31000 4 3 31000
1 1 55000 1 1 55000

(€} | Count_ssn

Average_salary

8

35125

Figure 8.10
The aggregate function operation.

a. PpiDne, N6 of employées. Avsrage sall{Dno S COUNT Ssn, AVERAGE Salary (EMPLOYEE)).
b. prs 3 COUNT Ssn, AVERAGE Salary{ EMPLOYEE)
€. 3 COUNT Sen, AVERAGE Salary(EMPLOYEE).

* Duplicares are not eliminated when u%uy«‘\'ed
NULL valnes Qe not  (owtidered
« fel- of opavepotion s o relation

Tn SAL, We can eliminate duplicates  wwile Opplyying  oooyrespte
funcrions

6: (ownsider Xae Go\\owiv\a gohemo

Soflove (sid: intener, tname: iving ,  COKAN: inteopr, Ouye:real)
Roads (bid: inkeaer, bname: string, Colov: etving)
Reserves ( sid: \nteger, bid: inteser, day: date)

| Qetrieve towt LOffCSPmM\N\& a1 expery Crw\{t\sb 2) Sailevs

G,

g (YO



2. Retvieve rotiog ok each gaileY

n roxing, sid Cloilovs)

3. Retrieve ope of 2ailey

T name, age LSO

k. Refrieve wnwawe owd m'h‘l\a.c of v\\&v\\b voked soinloye

G eont (SoalersY
SNOME, mkil\é rotag? \ ?

S. Find noames of toilers Who Wove vesevved ‘ooot (03

n (Sailors ¢ 07 _ 105 (Reserves))

Snome

(- Find wames of Saile wowo have reserved o Yed ooy

“smmc 5 tolor=ved (Roats) » Resecves ¥ Lailove)

7. Find oot of boals vesecved h\a Luobeyr

v, CSaliovs) ¥ Reserves % Books)

L toloy ( tname = Lubber

8. Find nawmes of SollorS wwo have resewved ok \eatt one bLoot

“mo.wxe (Soilors ¥ Reserves)

9. Find Yae names of gailovs oo hove vewerved o ved oF a green
boot

Wonke))

ooy Resevves
ﬂmam(s ALAL T s % ((‘,o\w:rd OR. (olor= green



o Find YWe names of Sailovs oo have veerved o ved and a green
boot only $ids

e (S5510ve % (1) (Resooves x &2 (BowkcI)
1. (kescwes K- (%oo&ﬂ\)
id Lolor 6f‘¢'\ /)

-
NoTg: onlwy s{d<S

Tonawe (1078 2 R0 1 (610t B () O o (B0
C _
I
Wil ojve emphy Set

(S WRONGI

\l. Find sids of Soilorr witn ope over 20 wWho Wave wot  veserved
0 red ooat

Toiq COape 220 C8ailore)) = Ty (Copy . pa(BOAK) % Reserves x Sailers)

Note:
N LG‘%” qg LSailove) % Resevves ¥ o~ eolor < fed Roaks))
1S WRONG Sailoye who Wove notr  vesecved

cma boatt of ol WM be excluded

Q- Find e wames of cailevs Who hwave veserved OU e boaks

1 (Cm,,, Ly CReservesy = M, CBoote)) * Saileve)

twawe bid si
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3. Eind the names of  failors who Wave vesevved all books called
Tntordae

Tname © TV oia 5id ERE5EVED) Ty (S0 pme siverlate (Boac) # Sorilors )

.2 RECRSIVE (LOSURE

. Ela-. QMP\OY)QCS mvervisinﬁ oiher cw\?\ot‘us
Self -Join  Where Haere & o recurtive velotionship

G: Return ol ¥he SSN: of people direckly Supervised y  Tohn
it and tuper vited b\») Switn 'S  Suourdlinates

JoHN SN &— 1 (O, Sotn st LEMPlogeed)

-88
VRS & ’ﬂs‘n('\SOHN S N“ 1?:4&9“%{“ EM?\otsee)

SUBSURS &— T\Ssn (sves A EGS“P“““ Emy\o‘oee)

RESULTE— &UBS U SURSURS

G: Return ol ¥he SSNr of people d‘ureo\'\\a tupervised oy Jowmes
%01‘6 and  Super yited by fvitnS  Suloovdinates

BORG_SSN < nSsn(O-Fname:‘]ames’ AND Lname:‘B()rg‘(EMPLOYEE))
SUPERVISION(Ssn1, Ssn2) < Tlissn’super_ssn(EMPLOYEE)
RESULT1(Ssn) < T (SUPERVISION X g, _5e,BORG_SSN)

RESULT2(Ssn) ¢ Ttgen (SUPERVISION X g p_ss,RESULT1)
RESULT « RESULT2 U RESULT1



RESULT1

333445556
087664321
(Supervised by Borg)

&.% OUTER JoIN

Ssn

SUPERVISION
(Borg's Ssn is 8886655565)
(Ssn) {Super_ssn)

| Ssnt J Ssn2
123466789 | 333445655

| 333445555 | 888665565
990887777 | 987654321

987654321 | BBBBBS556

| 666884444 | 333445555

453453453 | 333445565

987987987 | 987654321
888665565 | null

RESULT2
Ssn
1723456789 i
699887777
ﬁ5884444 l
453453453
| 08798&&

(Supervised by
Borg's subordinates)

RESULT
San

| 123456789
999887777

| 666884444
453453453

| 987987987

| 333445585
987654321

(RESULT1 U RESULT2)

So far, &l joing have bgen inner join

Figure 8.11

A two-level recursive

query.

Exdudes tuplet Yaok do not waktn the owdihon and h«y\es
Yok have NULL voalues ‘v Hae 30'\(\'\\1\0 okiouwte

€g: details of au employees amd  Haeic  depewdents, if Haere
are dependents
- (amnot ute inner oin as Faose with NULL ore extwded
- Muse how o\l ewployees omd thow NULL  fur  dependents

Cpmdo\iv\a wirh  NUL Values)

"€ KD

SN = estn

— \eft outer ‘\)o'm

- RS — ﬁ&h\* owter join

G



- R 314: § — ful outer join

\

6: List of ol ewmplogesr and if twew wanage o depariment,
the wowme of the department

Figure 8.12 RESULT

gbeTEéUijTfNaO;E;ion. Fname Minit | Lname Dname
John B Smith NULL
Franklin T Wong Research
Alicia J Zelaya NULL
Jennifer S Wallace | Administration
Ramesh K Narayan | NULL
Joyce A English NULL
Ahmad \ Jabbar NULL
James E Borg Headquarters

TEMP ¢— (EMPLOYEE ™ s_pgr ss7DEPARTMENT)
RESULT « nFname, Minit, Lname, Dname(TEMP)

6:
T, Ty
i R A R C |
1o o 5 \o | b (4
13 b | 8 a | c | 3
as | & |6 o | b |5
w T, ™ T,
P =P
P 6 K&K A & ¢
o o % 10 b 6
b o S 10 b ¢
Q5 . ¢ as ¢ 3
s b 8 NUW NUWL NULL
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Cb) T\ QD-% T'L

P & R A & ¢
\s b o b G
IS L 8§ o b §
MW N e 26 ¢ 2
© T\ V(N Tq_

Q=19

P 6§ R A & c
\s b o b (A
1S L § o b &§
N WL oL 26 ¢ 2

o o 5  NUW NV NULL
I\ 6 NV VL UL

W T 90‘-491,'
P § R A & C
l o % 10 b 6
lo o~ s 10 b S
3 oo ¢ as ¢ 3
@ T, VT,

| &)

n\
CrPoP6 e P
NP ew NP



4. OUTER VUNWON

If tobles are partiolly ompativie

- MwWo  velations X, Y) and  SCX,2D

Ea-. STUDENT (Name, Ssn, Department, Advisor)
INSTRUCTOR (Name, Ssn, Department, Rank)

STUDENT_OR INSTRUCTOR(Name, Ssn, Department, Advisor, Rank)

68: Find Yhe nameg of dwe eonplowgec  who  WeYk on
pro)ectt contyol\ed oy de?\' s

EMPLOYEE
Fname I Minit l Lname ] Ssn [ Bdate | Address | Sex l Salary l Super_ssnl Dno I

DEPARTMENT
Dname I Dnumber | Mgr_ssnl Mgr_start_date|

DEPT_LOCATIONS

| Doumber | Dlocation |

PROJECT
Pname l Pnumber I Plocation ‘ Dnum |
p——
WORKS_ON
Essn. | Pno. | Hours |
- Figure 5.5
DEPENDENT Schema diagram for the

COMPANY relational

Essn | Dependentname | Sex | Bdate | Relationship | i labilione

Tf& ( ew\?\obe (W owus - proy eck))

S50 = “‘" 288, dnum P"" P'\“Nlo&r

© vibha’s notes 2021



