Midterm Review

Lecture 8
09/21/26



Midterm Logistics

* Midterm will be held Wednesday Sep 23 from 5:00pm - 6:15pm (during
class time).

* Please arrive early - the exam is going to start at 5:00pm.
« Open notes (no page limit), no electronic devices.
» Contents covered: Lec 2 (SQL |) — Lec 7 (Design Theory |l)

e Past Exam: available on canvas, under Files->Past Exams



SQL



SQL Query

* Basic form (there are many many more bells and whistles)

<attributes>
<ohe or more relations>
<conditions>

Call this a SFW query.



LIKE: Simple String
Pattern Matching

DISTINCT: Eliminating
Duplicates

ORDER BY: Sorting the Results
(ascending by default)

*

Products
PName LIKE ‘%gizmo%’

DISTINCT Category
Product

PName, Price
Product
Category=‘gizmo’
ORDER BY Price, Pname
10;




Joins

Gizmo $19 Gadgets GWorks
Powergizmo | $29 Gadgets GWorks |- GWorks 25 UaL
. - Canon 65 Japan
SingleTouch f$149 \Photography | Canon | | P
|1 Hitachi 15 apan
MultiTouch \$203 ¥ Household | Hitachi
PName, Price
Product, Company
Manufacturer = CName
AND Country=‘Japan’
AND Price <= 200 SingleTouch $149




An example of SQL semantics

R.A Output

R, S —
R.A=S.B

A
1 A B|C
Cross 11213 ﬁ Apply
3 Product (302 Apply Projection
j> Selections /
B | C 113|5 Conditions C
2 |3 3123 [; 4
314 3134 c
315 313|5




An Unintuitive Query

R,S, T

R.A=5.A OR R.A=T.A

R.A

Computes RN (SU T)

But what if S = ¢?

Go back to the semantics!



INTERSECT

SELECT R.A
FROM R,S
WHERE R.A=S.A
INTERSECT
SELECT R.A
FROM R, T
WHERE R.A=T.A

UNION

SELECT R.A
FROM R,S
WHERE R.A=S.A
UNION

SELECT R.A
FROM R, T
WHERE R.A=T.A

EXCEPT

SELECT R.A
FROM R, S
WHERE R.A=S.A
EXCEPT

SELECT R.A
FROM R, T
WHERE R.A=TA

Q,




Nested queries: Sub-queries Returning Relations

c.city
Company c
c.name [N (
pr.maker
Purchase p, Product pr
p.product = pr.name
AND p.buyer = ‘Joe Blow’)

“Cities where
one can find
companies that
manufacture
products bought
by Joe Blow”



Nested Queries: Operator Semantics

ALL

name
Product
price > ALL(X)

ANY

Price must be > all entries
IN multiset X

name
Product
price > ANY(X)

Price must be > at |east
one entry in multiset X

EXISTS

name
Product p1
EXISTS (X)

X must be non-empty

*Note that p1 can be
referenced in X (correlated

query!)




Nested Queries: Operator Semantics

ALL

name
Product
price > ALL(
price
Product
maker = ‘G’)

Find products that are
more expensive than all
products produced by “G”

ANY EXISTS
name name
Product Product p1l
price > ANY( EXISTS (
price *
Product Product p2
maker = ‘G’) p2.maker = ‘G’
AND pl.price =
p2.price)

Find products that are more
expensive than any one
product produced by “G”

Find products where there
exists some product with the
same price produced by “G”




Correlated Queries

title
Movie AS
year <> (
year
Movie
title = m.title)

Find movies whose
title appears more
than once.

Note the scoping
of the variables!



Simple Aggregations

bagel 10/21 1 20
banana 10/3 0.5 10
banana 10/10 1 10
bagel 10/25 1.50 20
SUM(price * quantity)
Purchase > 50 (=1*20+ 1.50*20)
product = ‘bagel’




Grouping & Aggregations: GROUP BY

product, SUM(price*quantity) Find total sales after
Purchase 10/1/2005, only for
date > 10/1/2005’ products that have
product more than
HAVING SUM(quantity) > 10 10 total units sold

HAVING clauses contains conditions on aggregates

Whereas WHERE clauses condition on individual tuples



Order of Operations

1. FROM
product, SUM(price*quantity) 2. WHERE
Purchase 3. GROUP BY

date > ‘10/1/2005’
product 4. HAVING
HAVING SUM(quantity) > 10
5. SELECT
HAVING clauses contains conditions on aggregates 6. ORDER BY

Whereas WHERE clauses condition on individual tuples...



General form of Grouping and Aggregation
S
Ry, R
G,
dq,...,dg
G
Evaluation steps:
1. Evaluate - apply condition C, on the attributes in
Rs,....R,
2. the attributes ay,...,a,

3. Apply HAVING condition C, to each group (may have aggregates)
4.  Compute aggregates in , S, and return the result

17



General form of Grouping and Aggregation

S
Ry,...R
C1
ay,..,ay
C2

n

« S = Can ONLY contain attributes aq,...,a, and/or aggregates over other attributes
« C, =is any condition on the attributes in Ry,...,R,
« C, =is any condition on the aggregate expressions



Practice Questions

« 1. SQL Writing

« 2. SQL Reading
¢ 2.1
¢« 2.2



E/R Diagram



Entity Set

Product

A key is a minimal set of attributes that uniquely identifies an entity.



Relationship

A relationship is between two entities
Represented by diamonds

-

—  Product —‘— Company




What is a Relationship?

GizmoWorks Gizmo Electronics $9.99 GizmoWorks  Gizmo Electronics $9.99
Gizmolite  Electronics §7.50 GizmoWorks  GizmolLite  Electronics §7.50

GadgetCorp
Gadget Toys $5.50 GizmoWorks  Gadget Toys $5.50
GadgetCorp Gizmo Electronics $9.99

GadgetCorp Gizmolite Electronics §7.50

@ @ GadgetCorp Gadget Toys $5.50
Product Company

A relationship between entity sets Pand C is a GizmoWorks Gizmo
subset of all possible pairs of entities in P and C, GizmoWorks  GizmoLite
with tuples uniquely identified by P and C's keys

GadgetCorp Gadget
23



Modeling something as a relationship
makes It unique

Q: What does this say?

a

Product

’

Person

A: A person can only buy a specific product once (on one date)
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Modeling something as a relationship
makes It unique

Q: What about this way?

e o

A: Now we can have multiple purchases per product, person pair!

Person

25



Multiplicity of binary relationships

One-to-one: 6‘1
~ Indicated using
drrfoOws
Many-to-one:

AN L

One-to-many:

Many-to-many:

$9¢9




Participation Constraints: Partial v. Total

 Partial participation (single line): Some entities may exist without being

associated with the relationship.
 Total participation (double line): all entities must be associated with at least

one instance of the relationship.

Student <_ Enrolls Course

» Every student must enroll in at least one course
« Some courses might not have any students.



Cardinality ratio vs Participation constraints

Cardinality ratio: at most how many? ‘

 The number of entity instances that can be on each side of a
relationship.

« For one instance of Entity A, what is the maximum number of instances of Entity B
that can be associated with it

« Types: 1:1, 1:N, N:M

Participation constraints: at least how many?
 The number of entity instances that must be on each side of a
relationship

« For an instance of Entity A to exist, does it need be associated with at least one
instance of Entity B

« Types: partial (minimum=0), total (minimum=1)

28



Weak entity set

Entity sets are weak when their key comes from other
classes to which they are related.

“Football team” v. “The
Team | — University GT Football team” (E.g.,
UGA has a football team

t00)

)
3
¢))

number is a partial key.
Total participation: every weak entity must have an owner.
Each weak entity has exactly one owner through that identifying relationship

29



Practice Question

« 3. ER Design



Relational Algebra



Relational Algebra (RA)

« Five basic operators:
1. Selection: o

2. Projection: I1 RDBMSs use multisets, however
3. Cartesian Product: x in relational algebra formalism
4. Union: U we will consider sets!

5. Difference: -

 Derived or auxiliary operators:
* Intersection, complement
« Joins (natural,equi-join, theta join, semi-join)
* Renaming: p
« Grouping: y




Selection (o)

* Returns all tuples which satisfy a
condition

* Notation: o, (R)
 The condition c can be =, <, >, <>

SQL:

gpa > 3.5;

RA:
Ogpa >3.5(Students)



Projection (II)

« Eliminates columns, then SQL:
removes duplicates
* Notation: TIT 4 an(R) {sgr;)z;me,
RA:

Nsname,gpa (Students)



Renaming (p)

» Changes the schema, not the 5QL:

INstance e

- . . Si studld,

e A ‘specllal operator- neither basic sname AS name.

nor derived gpa AS gradePtAvg
* Notation: p gy, gn (R) Students;
» Note: this is shorthand for the RA:

proper form Pstudld,name,gradePtAvg (Students)

* P A1>B1....An>Bn (R)



Natural Join ()

* Notation: R, xR,

 Joins R, and R, on equality of all shared
attributes
 |f Ry has attribute set A, and Rﬁhas attribute set

B, and they share attributes ANB = C, can also
be written? Ry ™ ~ R;

 Our first example of a derived RA operator:
* Meaning: Ry ™ Ry = Iayg(cc=p(Pc-p(Ry) x Ry))
* Where:

The rename[o _,p renames the shared attributes in
one of the relations

* The selection o checks equality of the shared
attributes

« The projection I, g eliminates the duplicate
common attributes

SQL:

ssid, S.name, gpa,
ssn, address

Students S,
People P
S.name = P.name;

RA:
Students ™ People




Theta Join ()

* A join that involves a predicate
*R1 ™y R2 = 04 (R1xR2)
* Here 6 can be any condition

Note that natural join is a
theta join + a projection.

SQL:

Students,People
0;

RA:
Students Mg People




Converting SFW Query -> RA

Ry,...,R

A, A

m

¢, AND ... AND ¢;

114

100

You should also be
able to convert RA ->

SQL query.

Remember to add the
DISTINCT keyword

An(o-c1 ---Uck(Rl D eee X Rm))

The selections should happen

before the projections



Practice Question

4. Relational Algebra
. 4.1ii)
. 4.2 i)



Design Theory



Data Anomalies

Student | Course | Room
Mary CS145 |BO1
Joe CS145 |BO1
Sam CS145 |BO1

Student | Course
Mary CS145
Joe CS145
Sam CS145

Course Room
CS145 BO1
CS229 Cl12

Eliminate anomalies by
decomposing relations.

« Redundancy

* Update anomaly
* Delete anomaly
* |Insert anomaly



Functional dependency (FD)

Definition: if two tuples of R agree on all the attributes A4, A, ..., A,
they must also agree on (or functionally determine) B4, B, ..., B,

Denoted as A/A, ... A, — BB, ... B,

B’s

>
w
y__

A->B means that
“whenever two tuples agree on A
then they agree on B.”

PR (I I s

____-_-__-A

" Iftandu ' they
agree must
here, agree 42

hArA



FInding Functional Dependencies

Equivalent to asking: Given a set of FDs, F = {f,,...f },
does an FD g hold?

Inference problem: How do we decide?

Three simple rules called Armstrong’s Rules.
1. Reflexivity,
2. Augmentation, and
3. Transitivity...



Closure of a set of Attributes

Given a set of attributes A,, ..., A, and a set of FDs F:
Then the closure, {A,, ..., A} is the set of attributes Bs.t. {A,, ..., A,} 2 B

Example:  F= |{name} = {color}
{category} = {department}
{color, category} =2 {price}

Examp/e {name}* = {name, color}

Closures: {name, category}* =
{name, category, color, dept, price}

{color}* = {color}




Closure algorithm

Start with X=1{A,, ..., A} and set of FDs F.
Repeat until X doesn’t change; do:
if {B, ..., B,} =2 Cis entailed by F
and {B,, ..., B,} € X

then add C to X. Closure

Return X as X*

Initial set of
attributes

45



Keys and Superkeys

A superkey is a set of attributes A, ..., A, s.t. e all attributes are
for any other attribute B in R, functionally determined
we have {A,, .., A} 2> B oy & SUpErey

Meaning that no subset of

A key is a minimal superkey a key is also a superkey



Computing Keys and Superkeys

Let A be a set of attributes, R set

» Superkey?
P Y of all attributes, F set of FDs:

« Compute the closure of A

e Seeifit = the full set of IsSuperkey(A, R, F):
attributes

A*= ComputeClosure(A, F)
Return (A*==R)?

* Key? | IsKey(A, R, F):
« Confirm that A is superkey If not IsSuperkey(A, R, F):
* Make sure that no subset of return Ealse
Als a superkey For B in SubsetsOf(A, size=len(A)-1):
) %’gﬁggﬂﬁ check one if IsSuperkey(B, R, F):

return False

return True




Boyce-Codd Normal Form

BCNF is a simple condition for removing anomalies from relations:

A relation R is in BCNF if:

if {A,, ..., A} = Bis a non-trivial FD in R

then {A,, ..., A} is a superkey for R

Equivalently: V sets of attributes X, either (X* = X) or (X* = all attributes)



Example

BCNFDecomp(R):
* Find an FD X — Y that violates BCNF
(Xand Y are sets of attributes)
« Compute the closure X+
e letY=X"-X, Z=(X"C
decompose R into R{(X U Y) and Ry(X U Z)
» Recursively decompose R, and R,

{A} 2 {B,C}
{C} > {D}




Lossy vs. Lossless

Gizmo [19.99| Gadget
OneClick | 24.99 | Camera
Gizmo |[19.99| Camera
-~ N Gizmo | 19.99 | Gadget
OneClick | 19.99 Camera
Gizmo | Gadget 19.99 Gadget OneClick | 24.99 Camera
OneClick | Camera 24.99 Camera Gizmo 19.99 Camera
Gizmo | Camera 19.99 Camera Gizmo 24.99 Camera




Lossy vs. Lossless

Gizmo [19.99| Gadget
OneClick | 24.99 | Camera
Gizmo |19.99 | Recorder
N
Gizmo | Gadget 19.99 Gadget Gizmo |19.99| Gadget
OneClick| Camera 24.99 Camera OneClick | 24.99 | Camera
Gizmo | Recorder | [ 19.99 | Recorder Gizmo |19.99| Recorder

51



Lossless Decompositions

N

= the projection of R on

= the projection of R on

A decomposition R to (R1, R2) is lossless
f R =R1Join R2




Lossless Decompositions

N

It A, ..., A, 2 B4, ..., B, Note: don't need

Then the decomposition is lossless A A2 Gy, L, G

BCNF decomposition is always lossless.

53



A Problem with BCNF

{Unit} 2 {Company}
{Company,Product} = {Unit}

We do a BCNF decomposition

on a “bad” FD:

{Unit}* = {Unit, Company}

{Unit} 2 {Company}

We lose the FD {Company,Product} 2 {Unit}!!

54



Third normal form (3NF)

A relation Ris in 3NF if:

For every non-trivial FD A4, ..., A, = B, either
* {A, ..., A } isasuperkey for R

Example:
o The keys are AB and AC

o B — Cis a BCNF violation, but not

a 3NF violation because C is prime AC- B
(part of the key AC) B C




BCNF vs 3NF SNF

BCNF

« Given a non-trivial FD X — B (X is a set of attributes)

BCNF: X must be a superkey
3NF: X must be a superkey

« Use 3NF over BCNF if you need dependency preservation
« However, SNF may not remove all redundancies and anomalies



MVD

-xample

Movie_ Star (A) Address (B) Movie (C)

Matt Damon Boston The Martian

Matt Damon Boston Interstellar

Matt Damon New York The Martian

Matt Damon New York Interstellar

Anne Hathaway Los Angeles The Devil Wears Prada
Anne Hathaway Los Angeles Interstellar

Anne Hathaway New York The Devil Wears Prada
Anne Hathaway New York Interstellar

 [Independence: The set of
addresses is independent of
the set of movies for a given
movie star.

« Redundancy: Notice how each
movie is repeated for every
address that the star lives in,
and vice versa.



MVD

-xample

Movie_ Star (A) Address (B) Movie (C)

Matt Damon Boston The Martian

Matt Damon Boston Interstellar

Matt Damon New York The Martian

Matt Damon New York Interstellar

Anne Hathaway Los Angeles The Devil Wears Prada
Anne Hathaway Los Angeles Interstellar

Anne Hathaway New York The Devil Wears Prada
Anne Hathaway New York Interstellar

Matt Damon
Matt Damon

Anne Hathaway

Anne Hathaway

Matt Damon

Matt Damon

Anne Hathaway

Anne Hathaway

Boston
New York
Los Angeles

New York

The Martian
Interstellar

The Devil Wears
Prada

Interstellar



MVDs: Movie Star Example

Star - Address

Movie_ Star (A) Address (B) Movie (C)

[Matt Damon ] [ Boston } The Martian

[Matt Damon ] [ Boston } [Interstellar ]
Matt Damon New York The Martian

[Matt Damon ] [ New York J [ Interstellar J

Anne Hathaway Los Angeles The Devil Wears Prada
Anne Hathaway Los Angeles Interstellar

Anne Hathaway New York The Devil Wears Prada
Anne Hathaway New York Interstellar

More formally, we write {A}
-» {B} if for every pair of
tuples t4,t, s.t. t;[A] = t,[A],
there exisits a tuple t; s.t.

* t3[A] = 4[A]

* t3[B] = t4[B]

« and t;5[R\B] = t,[R\B]

Where R\B is “R minus B”
l.e. the attributes of R not in
B



Multi-Value Dependencies (MVDs)

One less formal, literal way to phrase the definition of an MVD:

The MVD X — Y holds on R if for any pair of tuples with the same X
values, the tuples with the same X values, but the other
permutations of Y and A\Y values, is also in R

Ex: X ={x}, Y = {y}

1 0 1 >

For X -» Y to hold
must have...

N
R, O B, O
R, O O B,



Practice Question

* 5. Design Theory
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