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Instructions

e Try to answer all the questions using what you have learned in class

¢ When writing a query, write the query in a way that it would work over all possible database
instances and not just for the given example instance!

Consider the following database schema and example instance:

Student Course
cid ‘ dept ‘ credits
CS425 Databases CS 3
CS595 Database Security CS
EE591 Microcomputers EE
EE401 VLSI Design EE
PHYS571 | Radiation Physics | PHYS

sid [EIENE) ‘ dept ‘
001 | Alice CS
002 | Bob EE
003 | Carol CS
004 | David | PHYS

W Wk W

Enroll
cid Sl crade gradepoint

CS425 [ 001 | A 4.0 Prereq
CcS595 | 001 | B 3.0 , ,
CS595 | 002 | A 4.0 cid | pid
EE401 | 001 | A 4.0 CS595 | C5425
EE401 | 002 | B 3.0 EES91 | EE401
EE401 | 004 | A 4.0

PHYS571 | 002 | C 2.0

PHYS571 | 004 | A 4.0

Hints:

o Attributes shown with grey background form the primary key of a relation.

e The attribute cid and sid of relation Enrollis a foreign key to relations Course and Student, respectively.
All the attributes cid and pid (except for the one in Course) are a foreign key to relation Course.

o Attribute gradepoint is converted from the letter grade (4.0 scale).
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Part 1.1 Relational Algebra (Total: 100 + 10 bonus Points)

Question 1.1.1 (6 Points)

Write a relational algebra expression that returns the names of students majoring in CS or PHYS.

Solution

Tname (Udept:CS\/dept:PHYS (StUdent))

Question 1.1.2 (6 Points)

Write a relational algebra expression that returns the title and credits of courses that have CS425 as a prereq-
uisite. Note that the Prereq table stores pairs of courses (cid) and prerequisites (pid).

Solution

Ttitle,credits (COUTse D O pig—c 5425 (Prereq))
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Question 1.1.3 (8 Points)

Write a relational algebra expression that returns the title of the course(s) with the largest number of credits.

Solution

Qm,{mtc — pmamcred('}/magc(a‘edits);(COUT’S@))
Q — 7"-title(c(ourse MXeredits=maxcred Qmawc)

Question 1.1.4 (8 Points)

Write a relational algebra expression that returns the name of student(s) with the largest number of credits
(total credits that students has registered for) among all students.

Solution

qumc <~ Ptotale,sid ('Vsu,m(credits) ;sid (StUdent > Enroll pd%dept (COUTSG)))
Qma.t(: <~ Pmaztot (’Vma:c(totalc); (qumc))
Q — 7'rname(c2mazc Mmaztot:tatulc qumc > StUdent)
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Question 1.1.5 (8 Points)

Write a relational algebra expression that returns the sids of students under probation. A student is under
probation if their GPA is less than 3.0. The GPA is calculated by multiplying the grade points the student has
received in the course with the number of credits for the course, then summing up these numbers and dividing
by the total number of credits the student has taken.

Solution

Qgps — pgps,credits,sid(ﬂ-credits*gradepoint,credits,sid(En’rou > Student Pd<«dept (COU’/’SC)))
Qgpa — pgpa,sid(Wtotalgps/sumcred,sid(ptotalgps,sumcred,sid(A/sum(gps),sum(credits);sid(Qgps))))

Q < 71—sid((jgpa<3.0(6291011))

Question 1.1.6 (8 Points)

Write a relational algebra expression that returns students (sid) that are missing a prerequisite, i.e., that have
taken a course, but have not taken all the prerequisites for the course.

Solution

Qshouldtake — 7Tsid,pid(’rrsid,cid(-En'r‘ou) MPT@T@Q)

Qmissing — 7Tsid(Qshouldtake - ﬂ'sid,cid(EnrOll»
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Question 1.1.7 (8 Points)

Write a relational algebra expression that returns for each course the number of students that have taken the
course. Note: also return courses not taken by any students with a 0 count. For each course, return the cid,
title, department, and number of students that have taken the course.

Solution

Qnottaken < Ttitle,dept,0(Course < (meia(Course) — meia(Enroll)))
Qnumtaken — Ptitle,dept,numtaken (’7count(sid);cid,title,dept(Course > ETLTO”))

Q — Qnumtaken U Qnottaken

Question 1.1.8 (10 Points)

Write a relational algebra expression that returns for each major the student (their sid, name, and GPA) with
the highest GPA and the student with the lowest GPA for that major. GPAs are calculated as in the question
above. You may reuse queries you defined in the previous question for calculating GPAs.

Solution

Qgps < Pgps,credits,sid,name,dept (Tereditsxgradepoint,credits,sid,name,dept (ENroll x4 Student <1 p g gept (Course)))
Qgpa A pgpa,sid,nam,e,dept(ﬂ-totalgps/sumcred,sid(ptOt(llg;DS,Sumcred,SidJLGME,dEPt (’Ysum(gps),sum(credits);sid,name,dept(Qgps))))
Qlowestgpa — Tgpa,sid,name,dept (pgpa,dept (’ymin(gpa);dept (Qgpa)) > Student)
thgehstgpa <~ Tgpa,sid,name,dept (pgpa,dept (Wmaz(gpa);dept(Qgpa)) > Student)
Q <~ Qlowestgpa U thghestgpa
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Question 1.1.9 (10 Points)

Write a relational algebra expression that calculates the credit distribution of students as follows. For each
student calculate the number of credits the student has taken. Then for each number of credits return the
number of students that have this many credits.

Solution

Qtotcred — ptotc,sid(lysum(credits);sid(EnTOll > CO’U/I’S@))

Q + Ptotc,numst (7count(sid) itote (Qtotcred ) )

Question 1.1.10 (10 Points)

Write a relational algebra expression that returns for each department the total number of credits taken by
students from this department. Also return the number of credits students from the department have taken
within their own department.

Solution

Qtotcred — Ptote,dept (Vsum(credits);dept (Enroll > COUTSé))
Qtotdc’r‘ed — ptotcin,dept (’Vsum(credits) ;dept (ETLTO” > COU’I"S@ > StUdent))

Q < Qtotcred > Qtatdcred
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Question 1.1.11 (8 Points)

Write a relational algebra expression that returns for each student the department the student has taken courses
with.

Solution

Q < Tsid,dept (EnrollaCourse)

Question 1.1.12 (10 Points)

Write a relational algebra expression that checks whether there are circular prerequisite dependencies. You have
to only consider cycles of length up to 3 (e.g., CS100 — CS201 — CS100 would be a cycle of length 3). If there
are circular dependencies, then the query should return {(1)} and the empty set otherwise.

Solution

Q2hop < Teid,sid(Peid, fpid(Prereq) X ppid spia(Prereq))
QShop — 71—cid,sid(pcid,fpid(QQhOp) prpid,spid(Prereq))
Qcycle — M (Jcid:sid(QZhop U QShop))
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Question 1.1.13 (BONUS QUESTION) (10 Points)

Write a relational algebra expression that returns pairs of courses such that the first course is a direct or indirect
prerequisite of the second. Indirect prerequisites are chains in the prereq table of a length less than or equal to
64. For instance, if CS480 is a prerequisite of CS580 and CS580 is a prerequisite of CS680, then CS480 is an
indirect prerequisite of CS680 (chain of length 2).

Solution

Q2hop < Teid,sid(Peid, fpid(Prereq) > p¢pia spid(Prereq))
Quhop  Teid,sid(Peid, fpid(Q2hop) P fpid,spid(Q2rop))
Qshop < Teid,sid(Peid, fpid(Qanop) > P fpid,spid(Qanop))
Q16hop < Teid,sid(Peid, fpid(Q8hop) > P fpid,spid(@Qshop))
Q32hop  Teid,sid(Peid, fpid(Q16hop) PP fpid,spid(Q16hop))
Qup2hop + Q2nop U Prereq
Qupthop < Qupzhop U Teid, sid(Peid, fpid(Qup2hop) > P fpid,spid(Q2hop))
Qupshop — Qupahop U Teid,sid(Peid, fpid(Qupahop) > P tpid,spid(Qanop))
QuplGhop <~ QupShop U Wcid,sz‘d(pcid,fpid(QupShop) prpid,spid(Qshop))
Qup3zhop < Qupi6hop U Teid,sid(Peid, fpid(Qupi6hop) > P fpid,spid(Q16hop))
Qup6ahop < Qupszhop YU Teid,sid(Peid, fpid(Qups2hop) > P fpid,spid (@32h0p))
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