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SQL Examples Aggregate Operations "Relational Algebra Part 2
Find students who've taken all classes (division example) AVG, MIN, MAX, SUM, COUNT Find all the professors who are in any of the committee’s professor Piper is in
1) With EXCEPT & NOT EXISTS SELECT ¢ city, count(~ SELECT DISTINCT profname
EE(L;\;:T sndamte FROM cu f FROM Committee
student s . . *
WHERE ntry LIKE this is for checking individual val WHERE commname IN (SELECT
WHERE NOT EXISTS ((SELECT c.name all course names courses GROUP k. chEy 19 [ forehecing individuatvatues FROM Committee
E)R(géﬂp?rlass c) student | L vING count(s HAVING is for filtering sums/maxes/mins etc, WHERE profname = ‘Piper’)
is not icli i
(SELECT e.cname courses student enrolied | ORDER BY count (=) DESC is like a where condition for group by
FROM enrolled e is enrolled in in Null Values tuples can have null values. unknown or doesn’t exist
WHERE e.snum = s.snum)) e canuse IS NULL (IS NOT NULL) in WHERE or others Find all professors who are in at least all those commitees that professor Piper is i
2) Without EXCEPT using NOT EXISTS Nulland 3-valued logic SELECT DISTINCT c.profname
SELECT sname FROM Committee ¢
FROM student s WHERE NOT EXISTS (SELECT commname
WHERE NOT EXISTS(SELECT c.name FROM Commitee a
FROM class ¢ WHERE profname = ‘Piper’)
WHERE NOT EXISTS (SELECT e.snum X ) EXCEPT
FROM enrolled e LIKE is used for string (SELECT commname
WHERE c.name = e.cname matching FROM committee a
and e.snum = s.snum)) * _standsforany one WHFRF a.nrofname=c.nrofname)
Find those majors for which their average age is the minimum over all majors Set operations ;hgrgcter bit. Find all enclosures that were never visited by the visitors born before 2000-01-01
* %is O or more arbitrary : - - ] ;
CREATE VIEW Temp(major, average) AS  SELECT major, average « UNION usually used for or characters SELECT E.id Visitor(visitorID, firstName, lastName, dateofBirth)
SELECT S.major, AVG(s.age) AS average FROM Temp « INTERSECT usually used for and FROM Employee E Visits(passID, enclosurelD)
FROM Student S WHERE average = (SELECT min(average) | * EXCEPT usually used for A but didn’t B EXCEPT Enclosure(id, latitude, longitude)
GROUP BY major FROM Temp) . ‘have not been in’ (SELECTEZid
grouping by major, getting average age  selecting minimum over all majors - ® 5 FROM Visitor v, Visits vs, Enclosure EZ
Natural Join 4 = e c | WHERE v.visitorID = vs.passID AND vs.enclosurelD = ez.id
Get all students using natural join Default is INNER JOIN — only ol AND v.DateOfBirth < Date(2001-01-01’)
SELECT * SELECT * include matches. Nawal  Natural Natwral nawal Find all the animals of species cat that are taken care of by ‘Sam Smith’
FROM Student S NATURAL Inner Join Left outer Join Right outer Join  outer Join
FROM student s, lled FROM Student S NATURAL LEFT OUTER JOIN
WHERES ucent s, enroted e Enrolled E LEFT OUTER JOIN Enrolled £ oooE O _Ii SELECT employeelD
s.snum = e.snum nrofle! mEsn DEEE  EWEE 1% ¢ |FROM TakesCareOf NATURAL INNER JOIN Employee
Find the names of all movie stars who’ve been ina movie | Views wi s & | WHERE animallD IN (SELECT id from Animal WHERE Species="Cat’) AND
SELECT DISTINCT Name Need distinct or else can Relations defined w/ a create table, statement existing in the physical layer firstName = ‘Same’ AND lastName = ‘Smith’
FROM Starsin s, Moviestar m get movie star name * Hide data from users, make queries easier, modularity Find the names of sailors who have reserved at least 2 boats
WHERE s.starsid = m.starid  duplicates! CRSEEQJ:C\'?E‘?}I Ct:urserthialls(dekzpt, course #, mark) AS SELECT s.sname
c.dept, c.course#, mar :
Find the departments that have more then one faculty member P FROM Sailors s, Reserves rl, Reserves r2
; FROM Course C, Enrolled E HERE ri.sid=s.sid AND r2.sid=s.sid AND rLbid <> r2.bid
SELECT DISTINCT fl.deptid seeing if different faculties have same WHERE c.course# = e.course# and mark < 50 . o i X X .
FROM Faculty f1, Faculty f2  department. View updates must occur at base tables. Find the sailor id of the sailors with the highest rating
WHERE f1.fid <> f2.fid AND f1.deptid = f2.deptid « DBMS restrict view updates only to some simple views on single tables SELECT s.sid
Find IDs of MovieStars who’ve been in a movie in 1944 or 1974 (updatable views) FROM sallors: s . .
DROP VIEW <view name> does NOT affect any tuples in underlying relation WHERE s.rating >= (SELECT MAX(s2.rating) FROM Sailors s2)
SELECT Starld W i ds to DROP table for vi Find names of sailors who have reserved all boats whose name starts w/ “typhoon’
FROM Movie M, Starsin S For 1944 and 1974 use INTERSECT D: C:”T:SBSL'gE” CUg‘maQEST;I byt a AeDEO“"eW- yP
WHERE M.MovielD = S.MovielD AND Year = 1944 ) % N blsw le"tth STRICT/CASC .t ELECT s.sname i
UNION ALL keeps duplicates dmp table ;"‘ ess .erf Sda viewon i ‘ . et ROM Sailors s no boat w/ typhoon that we have not reserved
. . .
SELECT Starld equivalent to using rop table & recursively drops any view referencing | HERE NOT EXISTS (SELECT b.bid FROM Boats b WHERE name LIKE “Y%typhoon%”
FROM Movie M, Starsin s year=1944 ORyear=1974  cqp, 156 be written with any/all nstead of exist/not exis EXCEPT
WHERE M.MovielD = s.movielD AND year=1974 SELECT sname, age IR — o (SELECT r.bid FROM Reserves r WHERE r.sid = s.sid))
Find the name & Age of the oldest student(s) FROM Student s2 'd) atlgg e c:n ftion Findth £ the old it
SELECT sname, age Find an s2 where there is no WHERE s2.age >= ANY (SELECT age update ; up_pPr_o ind the name & age of the oldest sailor
FROM Student s2 1 older than th FROM student s1) set Price = Price * 0.9 SELECT s.sname, s.age
slotder than them Or with aggregate operators where PID in FROM Sailor s
WHERE NOT EXISTS (SELECT * SELECT .
FROM student s1 sname, age (select PID WHERE s.age = (SELECT MAX(s2.age) FROM Sailor s2)
WHERE s1. -~ s2.age) FROM Student s2 from Product
s1.2ge>52.288)  \yERE s.age = (SELECT MAX(s2.age) FROM Student S2) where Name = 'Coronary Stent');




Conceptual Design
Entity Set: Collection of entities (ex. All cats)
* Allentities in entity set have same set of attributes
* Allentity sets have keys
Domain: value type (ex. float, date, int)
Key: minimal set of attributes which can identify an entity in entity set.
Primary Key: main key to identify entity in entity set. has to be as minimal as possible.
(ex. cat_id). MUST BE UNIQUE, and NON-NULL.
Candidate key: One more kore keys in a relation
Super key: A key + zero or more additional attributes. (Ex. {sid, name}, or {CWL, major},
or {name, major, age})
Minimal Key: Smallest set of keys to identify entity in entity set
Cardinality ratio: the number of relationships in the set that an entity can participate
in. These are called cardinality constraints:
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Normalization Removing redundancy from data.
First Normal Form (1NF)
Each attribute in a tuple has only one value (can’t be an array).

Codd’s original version allowed multi-valued attributes.

INCORRECT. V&T 124, vis we

Pasls

In INF. var

VES 1WE

Second Normal Form (2NF)

No partial key dependencies.

A relation is in 2NF if it is in INF and for every FD, X -> Y where X
is a (minimal) key and Y is a non-key attribute, then no proper

subset of X determines Y.

e.g., the address relation is not in 2NF:
e House#, street, postal_code is a (minimal) key
X Y

o House#, street, postal_code > Province

Subsc\t_ of X Y
o Postal_code =¥ Province
Not in ZNF

>
Boyce-Codd Normal Form (BCNF)

~ For all non-trivial functional dependencies X->b, X must be a
superkey for a relation to be in BCNF.

" Ex. Whenever a set of attributes R determine another attribute,

it should determine all the attributes of R.

Check if all the left parts of the FD are a superkey. If they are,
then it is in BCNF, and if not, they need to be decomposed.
Third Normal Form (3NF)

A Relation Ris in 3NF if:

If X -> b is a non-trivial dependency in R, then X is a superkey for
R, or B is part of a (minimal) key.

Note: b must be part of a key not part of a superkey (if a key
exists, all attributes are part of a superkey)

Example:

Each CK has 3 attributes but each FD has 2, so it’s not in BCNF.
3NF?

CD - E CD is not a CK, but E is part of a CK; therefore, 3NF, so fal
DE - B DE is not a CK, but B is part of a CK
Conclusion: 3NF

Key Constraints ~ peesaa U .. |
Key constraints are shown with arrow in ER diagram:  (ene) (one)
one-to-one: entity in A is associated at most once with one entity in B
(ex. A: Student, B: student ID #)

The primary key of R (relation) is Primary Key of A OR Primary Key of B

one-to-many: entity in A is associated with any numb¢ ="~

(ex. A: Mom, B: children) Manages o

One to many (A is one, B is many) is primary key of 8 (0n€) (many)

many-to-one: opposite of one-to-many

One to many (B is one, A is many) is primary key of A - -

many-to-many: entities in A can be associated with m@—

Many to many is Primary Key of AND Primary Key of . (many) (many)

Overlapping Constraints Total + Overlap Total + Disjoint

Overlap constraints: specializations can be - |
e . Musician Actor L

* Disjoint: a superclass entity belongs to no more Musician | Actor

then a single sublass
Has to EITHER be musician or actor, cannot be
both
* Overlapping: subclasses may overlap
Can be BOTH musician or actor
Covering Constraints: Specializations can be
* Total: A superclass entity must belong to some
subclass
* Movieperson be musician or actor
* Partial: some superclass entity may not be in any
subclass
* Some movie people don’t have to be a part of a
subclass
Participation Constraints Whether a relationship has to be populated or not.
Important for updates.
Employees---->[Manages]<-----Departments
Ex. When deleting, a new department must still have a manager

Actor & Musician

Partial + Overlap

Partial + Disjoint
MoviePerson R

Musician Actor

Musician Actor

Actor & Musician

Rule: for all non-trivial functional dependencies in a
relation R of the form X->b, it must be the case that X is
a superkey of R or b is part of a key.

E.g., for “postal code” you can’t have both V6T 174 and V6S 1W6

AB - C AB is not a CK but C is part of a CK; so, 3NF is good so far.

Decomposing
Decomposing into BCNF
Relation: R(ABCD)
Keys?

{a) 7 sobwuem, priverenum (J0B) /' 7T Dverenum (0 sostiam « 301 (JOB) )

select JobNum from Job A

‘where not exists(
(select DriverENum from Job
where JobNum = 301)

FD:B=2C, D>A

A= (A}
B*= {B.C} except

*={C} (select DriverENum from Job

. A‘D} ' where Job.JobNum = A_JobNum)
BD* = {B,D,C.A}

BD is the only key
Look at FD B> C. Is B a superkey? e —
No. Decompose (_ AD@ C)
2(A,B,D) Se—————

Look at !! D-» A. Is D a superkey for R2?

No. Decompose

CRSOATRUOE X

__X>b
@A
Final answer: R1(B,C), R3(D,A), R4(D,B) -

(8
(A, B, C, D, E, F) with the following functional dependencic

Consider the relation &
(FDIYC D — A
(FDY)C. E—R
(FDID.F—=E
(FDA) B — D
(FD5)C = F
STEP 1: Find all candidate keys.

Candidate keys is where you can get every letter.

Ay

= cite {C.E3
.,_: {c,ng
= f, B}
Caliete ken: (CENCOMCE]
STEP 2: Identify all the FDs that violate the BCNF condition.
0e =E BCNF is that for X -> B, it has
B i to be a superkey. Since
R-—=0
- {C, E}, {C, D}, {C, B} are keys,
€= FD1 and FD2 are ruled out,
viclale: BLNFE

meaning only 3 options left.
STEP 3: Decompose R so that everything is in BCNF. Choose FDs in ascending

BENF

FD1 and
you neec

(r €
@ Underlined is primary,

Entity Relationship Diagrams

Entity Entity
Attribute @
Relationship Relationship

Generalization/Specialization

Y.\

Weak Entity M
Aggregation [
Participation Constraints

key constraints ———
ISA relationships If we declare A fj

‘'

ISA B, every A entity is a B entity
Reasons for using ISA:

Aggregation

Having a relationship between relationships is forbidden.

| o |

Aggregation allows us to treat relationship set as entity set, letting us
participate in other relationships. closure is that given a set, what

TAG Employee else can it get?

xercise

evaluationd

The (minimal) key of Evaluates is iid + course# + term.
-

Courses

QG D
Instuctors

Teaches

¢ Add descriptive attributes
specific to subclass
Restrict entities that
participate in relationship

Vacsination
status

EN o=
o>

Sectlons

Key constraints ENEEE -«

Totgl marticinatinn

Weak Entitiesm

Coul Have

(one) {many)

o A weak entity is identified by considering the
primary key of the owner (strong) entity.

Insert

INSERT INTO Enrolled
SELECT 51135593, name
FROM Class

WHERE fid = 90873519

Delete

DELETE FROM Student
WHERE name = ‘Smith

Update

Ex. CREATE TARLE Dtrected - Movie [
MIO INTEGER, w
Hitle  CHAR (20),
B, B8
E (]
FORETGA) KEY (MPID) MEFERENCLES

SET NULL
CASCAOEY)

LTP vs. OLAP UPDATE Student

on
ON UPDATE

OYEATETARLE ( E
Eouniry -nant. Mg?» FRIMARY KEY,

caprtal’- name. 200,
UNTaVE caprlal- pame)

Concurrent usirs)

ta Fistorscal, Mostly read-onfy

My concurrenn querics
| Moy reads, writes o ipdates
[ Apslication criented

| Long. Complex

T Few queries

| WMostty reads

T Subject cmented

[ 5t or snowtiahe. sevema
Folas T8

TERmoda, RDIMS
[ Gften a0
I

=
|
~
Foem
=
bn | Comcurrency Contrel, Gras, [ oot reaiy neaded
Racovary

By to day eperstion | Dwcision sepport

SETage=age +2 ]
Gear | Basiclly Eeryora oy WHERE age < 88

« Owner entity set and weak enlity set participate in a one-
to-many identifying relationship set.
» Weak entity set has total participation.

s of Yedundancy

R 49
g by (WepEs S

IRV

-7

key. make sure to
underline middle item.

RCAD, LY

Decompose into minimal cover

Given the relation A(P, Q. R, 8. T, U, ¥, W) and sct of FUs:

PO—=T Cross or cartesian product is denoted by X * Y and returns a
u ! v.w relation on tuples, whose schema contains all fields of X
R—S followed by all fields of Y.

O—UV Natural join is denoted by ‘. It is applicable only when there is
'[_ U— WV at least one attribute common to R and S.

STEP 1: Put FDs into standard form.

e e gt Standard form: split output into individual FDs.
P.Q =7 Cx' =7 J v, U->AB gets turned into V,U -> A and V,U -> B.
m.? (3 —>\f P,Q->TgetsturnedintoP->T,Q->T.

p= v

VA VU=V J
\, = W i

D .5 ¢ vou==2V

7S
STEP 2: Minimize the LHS (left-hand-side) of FDs.
S U=y Y U= con koome U=

kC aNe

i = o =V Look for areas that can be changed to make LHS

rR==1 & N small as possible. the “V” in V,U -> W is useless.
-_— ) =

5 _',;\:J VoL U=ovwy ) VU7 minsaed e U

R—5 U_-;V j\ =2 it s V=2
STEP 3: Delete Redundant FDs.

Siwe Vo) Y i drivid, gan rempe F
Sie QU and U=V, Q3 s redmawdt ond  con BE remo®d

T
Q-==V

Einal
Tt paaT Statements which are proven by other

U e =3/ statements can be removed.
) =2 e ==
R->¢ D<=/

<
Reflexivity: If ¥ c X, then X=3Y
€.g., city,major->city
Augmentation: If X > Y, then XZ3>YZ foranyZ
e.g., if sid->city, then sid,major - city, major
Transitivity: If XY and ¥ > Z, then X>2Z
sid = cily, cify= areacode implies sid= areacode
Union: If XY and X-Z, then XY Z
e.g., if sid>acode and sid->city, then sid>acode,city
Decomposition: If XY Z, then XY and X>Z
e.q., if sid>acode,city then sid-racode, and sid-»city

Functional dependency: one attribute
determines another.

Ex. Department determines Address
but not Name, we say that there’s a
functional dependency from
Department to Address. But
Department is NOT a key.

Show that {sname, p#) is a superkey of 1a1: - sname 2 €y Normal Form, and
SupplierPart(sname city status.p# pname,gty) | [42:  city 5 status proving
Proof has two parts: fd3: p# 2 pname S
iy " decompositions
8. Show: sname, p is a (superikey fdd:  sname, p¥ = qty
1. sname, pi - sname, pH ' reflex
2. sname < city fd1
3. sname - status 2, 1d2, rrans
4. sname,p# = city, p# 2, aug
5 sname,p# 3 stalus, p# 3, aug
6. sname,p# = sname, p#, status 1, 5, union
7. sname,p# 2 sname, p#, status, city 4, B, union
8 sname,p# = sname, pd, status, city, gty 7, fd4, union
4. sname,p¥ ¥ sname, p#, status, city, gly, pname 8, fd3, union



