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Relational Algebra |

* Select
~ G<selection condition> (R)
* Project
— Teauribute list> (R)
* Rename
~ P<new schema> (R)
* Union
-RUS

Relational Algebra Il

Intersection
-RNS
Difference
-R-S

Cross Product
-RxS8S

Join

-RK <join condition> S

Relational Algebra lll

¢ Natural Join
-RxS

¢ Division
—-R=+S

» Grouping
- ¥xa(R)

Selection & Projection

branch | salary
20000
25000 Selection
32000
Game=*Andersson” (R)
28000
35000
name branch | salary salary
20000 Andersson_| 20000
25000 Projection 25000
32000 32000
25000 Toame, satary (R) B
35000 35000

“Horizontal” decompositions

“Vertical” decompositions

Outer Join Operators

R1
R2
name branch branch | satary
N 3 20000
3 4 25000
Lars: i
branch | salary
20000
R1 M gy R2 3 20000
Larson | 1 Nul salary
20000
R1x R2
FULL 20000
branch | salary Null
Null 25000
3 20000
R1 X pigur R2 z
2 20000
4 25000




Q1

BOOKS (Docld, Title, Publisher, Year)

Write a relational algebra expression that lists the year and title of each
book.
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Q2

STUDENTS (Stld, StName, Major, Age)

Write a relational algebra expression that lists all information about
students whose major is CS.

Q3

BOOKS (Docld, Title, Publisher, Year)
STUDENTS (Stld, StName, Major, Age)

Write a relational algebra expression that lists all students with the books
they can borrow.

Q3.5

BOOKS (Docld, Title, Publisher, Year)
STUDENTS (Stld, StName, Major, Age)
BORROWS (Docld, Stld, Date)

Write a relational algebra expression that lists each student with the books
s/he has borrowed.

Q4

BOOKS (Docld, Title, Publisher, Year)

Write a relational algebra expression that lists all books published by
McGraw-Hill before 1990

Q5

AUTHORS (AName, Address)

Write a relational algebra expression that lists the name of those authors
who are living in Davis.




Q6

AUTHORS (AName, Address)

Write a relational algebra expression that renames “Aname” attribute in
the relation AUTHORS to “Name”

Q8

‘Wards (number, numBeds)

Patients (pid, name, year, gender)
PatientInWard (pid, ward)

Tests (pid, testTime, temperature, heartRate)

Write a relational algebra expression that finds the temperature and heart rate
measured in each test carried out on patients born before 1950.

@) Oiemperature hearRate(Tyear<—1950(Patients) X Tests)

b)  Miemperature hearRate(Oyear<—10s0(Patients) X Tests)
€) Tiemperature heartkate(Gyear<19s0(Patients) i Tests)

d) Otemperature.heartkare(Tyear<19so(Patients) M Tests)
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Q7

STUDENTS (Stld, StName, Major, Age)

Write a relational algebra expression that lists the name of students who are
older than 30 and who are not studying CS

Q9

Departments (deptName, location)
Employees (empld, name)
‘WorksIn (employee, dept, location, percentage)

Write a relational algebra expression that finds the employee name and department
name of employees who are assigned to work more than 50% in a department in
Stockholm.

a) Gempld,depNnme(EmplOyeeS M empld-employee (Gpercenmge>50 AND location= Stockhotm (WOrksIn)))
D) Tempid deptName(EMPLOYEES DI (Tercentage=50 AND location= Stockhoim (WOIksIn)))
©) Tempid.depName(EMPlOyees X (Gpereentage=50 AND location= stockholm (WOrksIn)))

d) Memptd,depvame( EMPIOYEES X cinpid-employee (Gpercentage=50 AND location= Stockholm (WOTkSIN)))

&

=

Kz

d

Q11

Exams (course, examDate, examTime)
Students (studentld, name)
registeredFor (student, course, examDate)

Write a relational algebra expression that finds the names of students who have
registered for the exam in course "TDA357" on *2010-12-18".

Tame(Students X (Ccourse=TDA357 AND exambata=2010-12-15° (registeredFor)))
Thame(Students M yugentia-student (Gcourse="TDA3IST AND examData=-2010-12-18° (T€gisteredFor)))
Toame(registeredFor M gugentid-student (Seourse="TDA3S?" AND exambata=2010-12-1* (Students)))

Toame(Students M gugentid-sudent (Seourse="TDA3S? OR exambata="2010-12-15° (registeredFor)))

Exams (course, examDate, examTime)
Students (studentId, name) Q 1 2
registeredFor (student, course, examDate)

Write a relational algebra expression that finds the average number of students who have
registered for the exams in each course (for example, if there have been three exams in
course "TDA357” and 100 students registered for the exam on the first occasion, 150
students registered for the second occasion and 80 students registered for the third

occasion, then the average number of students registering for an exam in course "TDA357"
would be 110).

The result should contain the course code and the average number of students registered for
exams in that course, and the results should be sorted by course code.

a)  Teourse (YAVGrst) — avest (Yeourse, exambate, COUNT(student) — nrst (registeredFor)))
b)  Teourse (Yeourse, AvGnrst) — avest (Yeourse, COUNT(student) — mise (TegisteredFor)))
c)

Teourse (Yeourse, AVG(nrst) — avest (Yeourse, examDate, COUNT(student) — Students (registeredFor)))

d

Teourse (Yoourse, AVG(nrst) — avest (Yeourse, examDate, COUNT(student) — nrst (T€gisteredFor)))




Q13

Employees (empld, name, year, salary, entitlement, branch)
ParentalLeave (employee, startDay, startYear, endDay, endYear)

‘Write a relational algebra expression that finds the names of employees who had a
period of parental leave that started in 2007.

&

Toame (EMployees M emptd-employee (Tstarvear—2007 (ParentalLeave)))

£

Gpame (EMployees X empia-empioyee (Cstartyear—2007 (ParentalLeave)))

L

Toame (EMPployees M emptd-employee (Ostarrvear-2007 (ParentalLeave)))

d

Tyame (EMPloyees X empra-empioyee (Ostartyear—2007 (ParentalLeave)))
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Q14

Employees (empld, name, year, salary, entitlement, branch)
ParentalLeave (employee, startDay, startYear, endDay, end Year)

Write a relational algebra expression that finds the employee(s) in each branch who have
the highest salary in their branch. The result should contain the employee’s name, the
branch and the salary, and the result should be sorted by branch name.

Thranch (nnamc.bmnch.ahlury (Gsumry:mux&«l (Employees X (mench,MquMlzryHmusal(Empl(’yeCS)))))
Thranch (“namc.salary (Gsalary:maxSal (Employees X (Vbranch;MAX(salary7~>xxmxSaI(EmplOyees)))))
Thranch (nn:mc.bravvch.s:!ary (o (Employees X (ybravvch.MAX(sahry)ﬂmaxSa\(Elnployees)))))

Toranch (Tname pranch salary (Gsatary-maxsal (Yoranch MAX(salary) —~maxsal(Employees))))

Q15

Doctors (person_number, health_centre)
Appointments (appointment_id, patient, doctor, day, month, year)
doctor — Doctors.person number

Write a relational algebra expression that computes then names of the health centres,
sorted in alphabetical order, where the patient with identification number ‘6006064444’
had appointments in year 2000 or more recently.

@) Thealth_centre (Thaalth_contre(DOCTOTS M person number-doctor (Gparient=+6006064444" AND year 2 2000(APpOintments))))
b)  Theattn_centre (Tcaltn_cenire(APPOINEMENES X person number=doctor (Tpatient=6006064444" AND year  2000(DOCtOrS))))

C)  Thealth centre (Theath_contre(DOCLOTS D (Mpaticni=-6006064444 AND year 2 2000(AppOIntments))))

d)  Theatn_centre (Theattn_centre(DOCLOTS DM person_ mumber-doctor (Spatient=6006064444” AND year 2 2000(Appointments))))

Q16

Doctors (person_number, health_centre)
Appointments (appointment_id, patient, doctor, day, month, year)
doctor — Doctors.person number

Write a relational algebra expression that computes, for each health centre, the total
number of appointments at that health centre in each month of 2007.

Employees
name branch | salary Q 1 7
Andersson | 3 20000
Johnsson 3 25000
Larsson 3 32000
Persson | 2 28000 ‘Write two different relational algebra expressions that evaluate to:
Svensson 2 35000
name city
Branches Larsson London
p— o Svensson Paris
1 Stockholm
2 Paris.
3 London
4 Berlin
s Rome

1) one of these relational algebra expressions must use the Cartesian product operator.

2) one of these relational algebra expressions must not use the Cartesian product operator.

@) Thealth_centre, month, count(*) — numApps (Doctors M person_number-doctor (Gyear-2007(Appointments)))
b)  Ohealth_centre, month, count(*) — numapps (DOCOTS X hercon number-doctor (Gyear-2007(Appointments)))
€)  Thealih centre, month, count(*) — numapps (DOCLOIS M person number=doctor (Oyear—2007(Appointments)))
d)  Vhealth centre, month, count(*) — numapps (DOCYOTS M ercon number=doctor (Gyear—2007(Appointments)))
Employees
name branch | salary Q 1 8
Andersson | 3 20000
Johnsson 3 25000
Larsson 3 32000
Persson__| 2 25000
Svensen | 2 =il Write a relational algebra expression that computes the
average salary at each branch, and sorts the results in
Branches increasing order of the average salary.
number city
1 Stockholm
2 Paris
3 London
4 Berlin
s Rome
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Q19
Offices (city, supplement)

Departments (city, dname, departmentHead)
Employees (empld, name, salary, dept, city)

Write a relational algebra expression that finds the employee identifier, name and total
monthly salary of all employees (recall that the total monthly salary for an employee can
be calculated by adding the city supplement to the employee’s basic monthly salary). The
results should be sorted by employee name.

@) Tuame (Tempidname,supptement (Employees X Offices))
b)  Thame (Templdname,satary (Eployees b Offices))
) Toume (Mempld.name salary supplement (Employees i Offices))

d)  Toame (Mempia, satary+supptement (EMployees i Offices))

a)

b)

d)

Q20
Offices (city, supplement)

Departments (city, dname, departmentHead)
Employees (empld, name, salary, dept, city)

Write a relational algebra expression that finds the names of cities where there is a sales

department and, for each of these departments, the average basic salary of the employees

in that department.

Yeity, AVG(salary)—avgSalary (Gdcpl:":alca" (Employees))
Y AVG(salary)—avgSalary (cd«:p!:"sxlcs" (Employees))
Yeity (Gaepi--sates” (Employees))

Yeity, AVG(salary)—avgSalary (o(Employees))

Q21

Translate the following relational algebra expression to an SQL query:

T FirstdepatureTime,Second.arivaiTime ((Girst (FIIGNES)) Dlfirtdestnationirport = Sccond Departureaiport (secona(Flights)))

SELECT first.departureTime, second.arrivalTime
a) FROM flights AS first JOIN flights AS second
ON first.destinationAirport = second.departureAirport;

SELECT first.departureTime, second.arrivalTime
b) FROM flights AS first, flights AS second
WHERE first.destinationAirport = second.departureAirport;

SELECT departureTime, arrivalTime
c) FROM flights JOIN flights
ON destinationAirport = departureAirport;

&

b,

d)

Q22

Words (string, lemma, class, description)

Write a relational algebra query that returns those strings whose class is
ambiguous, i.e., can have two or more different values. An example is /acker,
which is both the present tense of the verb /acka (“leak”) and the singular real
form of the adjective latker (“delicious”).

TCA string OA string=B.string AND A class<B.class (c4Words x oz Words)

TCA string OA string-B.string AND A class<B.class (PAWords X pgWords)

Tlyiring Ostring-string AND class<class (WOrds x Words)

O siring A string=B.string AND A.class<B.class (PA Words x pgWords)

Q23

BOOKS (Docld, Title, Publisher, Year)

Write a relational algebra expression that finds the title of the oldest book.




