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Formal Relational Query
L anguages

Two mathematical Query Languages form the basis
for ealOlanguages (e.g. SQL), and for
Implementation:

I Relational Algebra: More operational, very useful
for representing execution plans.

' Relational Calculus: Letsusers describe what
they want, rather than how to compute it. (Non-
operational, declarative.)

# Undeastanding Algebrais key tounderstanding SOQL,
# and quey processing!
EEEES 0



Algebra Preliminaries

¥ A query is applied to relation instances, and
the result of aquery isaso arelation instance.

p Schemas of input relations for a query are fixed
(but query will run regardless of instance!)

p The schemafor theresult of agiven query isalso
fixed! Determined by definition of query language
constructs.



Example Instances

¥ (BailorsOand ReservesO sid |sname |rating age

_ S1 ==
rgftlonsfor our examples. 22 dustin | 7 450

31 |lubber | 8 95.5

sid bid day 58 |rusty 10 350
22 101 |10/10/96

58 1103 |11/12/96 s2|sid 'sname rating |age
28 'yuppy | 9 35.0
31 |lubber | 8 55.5
44 guppy @ S 32.0

o8 |rusty 10 35.0
B




Algebra Operations

¥ Look what we want to get from the
following table:

sid |sname rating |age
28 'yuppy | 9 35.0
31 |lubber @ 8 55.5
44 guppy @ S 32.0
28 rusty 10 |35.0




sname rating

Projection yuppy 9
lubber |8

¥ Deletes attributes that are not in guppy |5
projection list rusty 10

¥ Schemaf result contains exactly the
fields in the projection list, with the !
same names that they had in the
(only) input relation.

(&)

sname,rating

¥ Projection operator has to eliminate
duplicates (Why??) s
p Note: real systems typically d@n 35.0
do duplicate elimination unless 55.5
the user explicitly asks for it.
(Why not?) ! age(g)



Selection

¥ Selects rows that g|Sd sname raling |age
satisfy selection 28 yuppy | 9 1350
condition. 31 | lubber 8 95.5

. . 44 | guppy 5 35.0
¥ Noduplicatesin 58  rusty 10 1350
result! (Why?)
¥ Schema of result (S2)=
identical to schema of ' rating>8
(only) input relation.  |sid sname rating age

28 |yuppy |9 35.0
58 rusty 10 32.0




Composition of Operations

¥ Resultrelation can be thimputfor another relational
algebra operation! Qperatorcomposition)

g2 |Sid |sname rating |age
28 'yuppy | 9 35.0
31 |lubber @ 8 55.5
44 guppy @ S 32.0
28 | rusty 10 |35.0

shame rating

yuppy |9
rusty |10

snameatlng( rating >8( 2)=




What do we want to get from two
relations?

R1 sid 'sname rating age

sid bid | day 22 dusin 7 450
22 101 10/10/96 | |o o0 8 esc

08 103 [1V12/9%6 | I5g \usty | 10 350

What about\Who reserved boat 1017

Or: FInd the name of the sailor who reserved boat 101.



B T
Cross-Product

¥ Each row of Sl is paired wit

¥

N each row of R1.

Result schema has one field per field of S1 and
R1, with field names inherited.
sidl |sname |rating |age |[sid2 |bid |day

22 |dustin V4 45.0 22 101 |10/10/96

22 |dustin [ 45.0 58 |103 |11/12/96

31 |lubber 8 555 22 101 |10/10/96

31 |lubber 8 555 58 |103 |11/12/96

58 |[rusty 10 |35.0 22 101 |10/10/96

58 |rusty 10 |35.0 58 |103 |11/ 12/ 96

# Renaming operator (because naming conflict)

#(sid! sidl, Sl) " #(sid! sid2, Rl
I



Why does this cross product help

Query:Find the name of the sailor who reserved boat 101.

CP=9%sid! sidl, SI)" %sid! sid2, R

Result$ CP))

Snam& sidi=sid2 andbid =101

* Note my use ofdemporarrelation CP.



B T
Union, Intersection, Set-Difference

¥ All of these operations sid sname rating age
take two input relations, 22 |dustin |7 45.0
which must be union- 31 |lubber |8 55.5
compatible: 58 |rusty 10 35.0
5 Same number of fidlds, |** 9UPPY 9 0.0
. A 28 |yuppy |9 35.0
p CorrespondingCrields D
have the same type. N
¥ What Isthe schema of sid 'sname |rating age
result? 31 lubber |8 55.5
sid 'sname rating age ||gg rusty |10 35.0
22 |dustin |7 45.0 QD
dl! R




Relational Algebra (Summary)

¥ Basic operations:

Slection (!') Selects asubset of rows from relation.
Projection (" ) Deletes unwanted columns from relation.
Cross-product (#) Allows usto combine two relations.
Set-difference (-) Tuplesinreln. 1, but not inreln. 2.
Union ( $ ) Tuplesinreln. 1andinreln. 2.

Rename ( %) Changes names of the attributes

¥ Since each operation returns a relatmperationscan be
composel(Algebra isClosed))

¥ Use of temporary relations recommended.

O T O O o O



B T
Natural Join

¥ Natural-Join

Sl >< Rl=
sid |sname rating lage |bid |day

22 dustin |7 45.0 |101 |10/ 10/ 96
58 rusty |10 35.0 103 11/ 12/ 96

¥ Result schemsimilar to cross-product, but only one copy of
each field which appears in both relations.

¥ Natural Join =Cross Product + Selection on common fields +
drop duplicate fields.




Query revisited using natural join

Query:Find the name of the sailor who reserved boat 101.

" /
Result Snamtgi bidlel(Sl >< RD))

Or

" /
Result SnaméSl s bidlel(R]))



Consider yet another query

¥ Find the sallor(s) who reserved all the

red boats.
R1 B
sid |bid day bid color
22 1101 |10/10/96 101 |Red
22 1103 |10/11/96 102 |Green
58 (102 |11/12/96 103 |Red




Start an attempt

¥ who reserved what boat: sd 1bid
22 (101
| —
Sl 'sid,bid(RD 22 103
58 (102
¥ All the red boats: o

=" / =
S2 bid(' color:red(B)) 18:1,)




Division
¥ Not supported as a primitive operator, but useful for
expressing queries like:
Find sailors who have reserved all red boats.

¥ Let Sl have 2 fields, x and y; &2 have only fieldy:
5 Sl = %4>g|forall ly) In R2 (thereexistsxy) in Rl) :

p I.e.,S1/S2contains all x tuples (sailors) such that foreveryy
tuple (redboal) in S2, there is anxy tuple in S1 (i.e, X reserved

y).

¥ Ingeneral, x and y can be any lists of fields; y isthe list of
fieldsin &2, and x$ y isthe list of fields of Sl.



Examples of Division A/B

sno pno
sl |pl
sl |p2
sl [p3
sl |p4
s2 |pl
s2 |p2
s3 |p2
A4 p2
A4 |p4
A

pNo

P2

Bl

SNO

sl

S2

s3

s4

A/Bl
B ..

ONO

N2

ONO

N4

01

B2

N2

p4

SNo

B3

sl

SNO

s4

sl

A/B2

A/B3




Find names of sailors wkie reserved boat
#103

¥ Solution 1: Reserves))> Sailors

/
snamél’ pig=104

$ Solution 2: T 1 R
" bid —103( v )

TemR=Temp@>< Sallors
Result=! . h&TeM)

. o " .
$ Solution 3: ! gnamel hid = 103(Reserv&s>< Silors))



Find names of sailors whre reserved a
red boat

¥ Information about boat color only available

INn Boats; so need an extrajoin:

! " >< > Sailor
snamel( color =t ed,Boats) Reserves>< Sailors)

$ A more efficient solution:

/ / / " '
' snamel’ g d((. nid  color = red’ Boats) > Res)>< Sailors)

# A query optimizer can find this given the first solution!



EEN oaaaaaa.
Find sailors wh@e reserved a red or a gre

boat

¥ Can identify all red or green boats, then find

sallorsw
Temp

Result=!/

ho®e reserved one of these boats:

snamé

poats” Boat
color=red' Color:'green( 3

empboats< Reserves>< Sailorg

$ Can also define Tempboats using union! (How?)

s What happensif ! isreplaced by ! inthisquery?



Find sailors wh@e reserved a reshd a
green boat

¥ Previous approach won@work! Must identify
sailors whoQre reserved red boats, sailors
whoQe reserved green boats, then find the
Intersection (note that sid isa key for Sailors):

" /
Tempred- N d((. color="re d,(Boat3)>< Reserves)

Result=" ¢y m&(Tempred Tempgreep< Sallorg



Find the names of sailors wie reserved al
boats

¥ Uses division; schemas of the input
relations to / must be carefully chosen:

Tempsids(/ d(R&serves))/ (! bi d(Boats))

sid,bi
Result! ¢ mélempsids< Sailorg

s To find sailorswho®ereserved all OnterlakeChoats:

..... " [
/ bid(' bname:'lnterlaké(Boats)
B A



Summary

¥ Therelational model has rigorously defined query
languages that are ssimple and powerful.

¥ Relational algebrais more operational; useful as
Internal representation for query evaluation plans.

¥ Several ways of expressing agiven query; aquery
optimizer should choose the most efficient
version.



Relational Calculus

¥ Comesintwo flavours. Tuplerelational calculus (TRC)
and Domain relational calculus (DRC).

¥ Calculus has variables, constants, comparison ops, logical
connectives and quantifiers.
p TRC Variables range over (i.e., get boundttales
p DRC. Variables range ovelomain element&= field values).
p Both TRC and DRC are simple subsets of first-order logic.

¥ Expressionsin the calculus are called formulas. An
answer tuple is essentially an assignment of constants to
variables that make the formula evaluate to true.




First-Order Predicate Logic

¥ Predicate: is a feature of language which you can use to
make a statement about something, e.g., to attribute a
property to that thing.

b Peter istall. We predicated tallness of peter or attributed tallness to
peter.

b A predicate may be thought of as akind of function which applies
to individuals and yields a proposition.
¥ Proposition logic is concerned only with sentential
connectives such asd, or, not.

¥ Predicate Logic, where a logic is concerned not only with
the sentential connectives but also with the internal
structure of atomic propositions.



First order predicate logic

¥ First-order predicate logic, first-order says we consider
predicates on the one hand, and individuals on the other;
that atomic sentences are constricted by applying the
former to the latter; and that quantification is permitted
only over the individuals

¥ First-order logic permits reasoning about propositional
connectives and also about quantification.
b All men are motal
D Peter isaman
b Peter ismortal



A logic language consists of semantics and syntax

Semantics: What the sentences mean.

Syntax: How sentences can be assembled.



B 000020 ..
Propositional Logic: Syntax |

Vocabulary
A set ofpropositionalsymbols
P,Q RE.

A set of logical connectives
&1 I 1A ’ ( ’ )
& (and)' (or) A(not)( (implication)) (equivalence)

Parenthesis (for grouping)

()

Logical constants
True , False



B 000 T
Propositional Logic: Syntax ||

Each symbol P, Q, R etc is a (atomic) sentence
Both True andFalse are (atomic) sentences

A sentence wrapped in parentheses is a sentence

If * and+ are sentences, then so are

¥* &+ conjunction
¥* '+ disjunction
¥A* negation
¥*( + Implication
¥* ) o+ equivalence

The above are complex sentences

PrecedenceisA , & ,' ,( , )
EEES 4 T



Truth Tables

¢ Conjunction (»)

+ Disjunction (v)

o B ovp
false | false | false
false true true
true false | true
true true true

+ Negation (—)
oL -
false | true
true false

o | B | oanB
false | false |false
false |true |false
true false | false
true true true

¢ Implication (—)

o B o—P
false | false |true
false |true |true
true false | false
true true true




Sample Sentences

P (P&AQ)( R
True (P&Q)) (Q&P)
(P& Q) (P' R)

What do the sentences mean?

The meaning depends on user defined semantics. If P is defini
Ot is hoO and Q is defined &3t is rainind) then

P means it is hot
P'" Q means either it is hot or it is raining (or both)
AQ means that it is not raining
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An inference procedure for proposition logic

Suppose we want to progdP & Q) ( (A P)' (AQ)

Ex. "It isnot the case that Tom isrich and famous." istrueif and
only if "Tom is not rich or he is not famous."

P Q | =(PAQ) | —=Pv—-Q —(PAQ)— —Pv—=Q
false | false | true true true
false | true | true true true
true | false | true true true
true | true | false false true

Construct a truth table, K(P& Q) ( (A P)' (AQ) is true for
all values of P and Q, then we have proved it.

For any sentence, no matter how complex, we can always prove
or disprove it this way. In other words, truth table construction
IS complete



So far the news is good. We can represent facts in Propositional
Logic, and we have a sound and complete procedure for
Inference. But Propositional Logic has some weaknesses...

¥The size of the truth tables grows exponentially. So we may
run out of space and time before we can answer a question.

Suppose | want to encode the fact that all men are mammals, |
have no choice but to list that fact for each individual man in my

knowledge base

P means Paul isamammal

Q means Quentin isamammal
R  means Robert isamammal
S means Steve isamammal

Etc etc
What we really need is a compact way represent these kinds of
factE .



Limitations of Propositional Logic
¥Hard to identify individuals (terms). E.g., Mary, John, 17, Canada

(Propositional Logic is good fdacts notindividualg

¥Can't directly talk about properties of individuals or relations
between individuals. E.g., how to represent the fact that John is ta

We could try a variabldohnisTall, but suppose we then want to encode a rule that tall
people are good at basketbalgliPeople( GoodAtBasketball Given a knowledge base
that consists of

JohnlsTall
TallPeople( GoodAtBasketball

We have no way to conclude that John is good at basketball!

¥Generalizations, patterns, regularities can't easily be representec
E.g., all triangles have 3 sides



L ets expand our view of the world. Before the world
consisted of facts (Propositional Logic), now we consider the
world of First Order Logic (FOL), which consists of

Terms (objects)
¥People, Numbers, Cars, Bicycles, Books, Events, Places...

Functions (Statements that return Terms)
¥MotherOf, DivisorOF, CountryOfOriginOf

Predicates(Statements that return True or False)
¥Male, Prime, Stick-Shift, 18-speed, Hardback, Religious, Nato Member...

Connectives
¥ &-1 I ’ A ’ ( ’ )

Quantifiers
¥ _



Terms (Atermis an expression that refers to an object).

Either
¥A symbol
¥ A function application

Symbols can be constants: John, Mary, 17, 56
or variables: F name, L name, X, Y

Function applications are usually writtenSasnethingf
(note: in this lecture we@e concerned with First Order Predicate logic, so
don@ worry too much about functions)

MotherOfJohn)
AgeOf(Mary)
EyeColorO{MotherOfJohn))



I
Thereisan important difference between

Predicates and Functions

Predicates
¥Male, Prime, Stick-Shift, 18-speed, Hardback, Religious, Nato Member...

(mapping from terms to truth values)

Male(Joe), Male(Sue), Prime(10), Prime(7)
T F F T

Functions
¥MotherOf, DivisorOF, CountryOfOriginOf

(mapping from things to things)
M otherOf (John), CountryOfOriginOf (Eamonn)

NVary Ireland
I



Atomic Sentences(an atomic sentence is a predicate
with its Grgument§) it has a True/False value).

ISprimg12)

Isprimgx)
Male(Joe)

Complex Sentencesatomic sentence with logical
connectives).

Isprimgx) ' isDivisibleByTwqx)
AMale(Joe)
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Since we now have a way to represent objects, we need a way

to represent properties for classes of objects.

Suppose | want to represent the fact that all Irishmen are
European. We what we have learned to this point | could
represent that fact like this

Irish(Eamonn) ( Europearitamonr) &
Irish(LiamNeesoh ( European(iamNeesoh&
Irish(Bono) ( EuropeanBono &
Irish(PierceBrosnap ( EuropearniierceBrosnan& E .

However FOL allows a shortcut, thimiversal qualifier -

- X Irish(x) ( European(x)

Read as. For all x, Irish(x) implies European(x)



B 000020 ..
FOL allow us to make statements about the existence of objects

Suppose | want to represent the fact that there are non-Irish Europeans. | could
do this by stating

Europeartgob) & Alrish(bob)’
Europearjoe) & Alrish(oe)
Europeartom) & Alrish(tom)' E .
However FOL allows a shortcut, the Existential qualifier

. X European(x) & Alrish(x)

Read as: There Exists x, such that European(x) ! Alrish(x)



I
Some examples of qualification |

There is an number that is both prime and even
, X prime(x) & evenx)

Every integer is odd or even (note: should really be xor)
- X integer(x) ( evenx) ' odd(x)

There is a man who is brother to bétarpoand Groucho
. X brother(X , Harpg & brother(X , Grouchq

Everybody loveslackie
- X Loves(X,Jackié

Everybody who lovedackie ishappy
- X Loves(X,Jacki¢ ( Happy(x)



I
Some examples of qualification Il

There i§ no number that is both odd and even
A, X  odd(x) &evenx)

Not all gats have tails
A- X cat(x) ( hasTail(x)

John does not have a younger brother
A, X  brother(x , John & younger(x, John)

All Jackie Chan movies make more that 10 million
- X JackieChanmovig) ( greaterthatboxOffice(x), 10,000,000 )

>

function



EEE 20
Qualifiers can be nested |

If A Is taller than B, then B is shorter than A

- X -y taler(x,y) ( shorter(y,x)
or - X,y tdler(x,y) ( shorter(y,x)
There exists a pair of numbers that differ by one, and are both prime

, X,y primex) & prime(y) & equals(x, y-1)
or , X, ¥ primex) & prime(y) & equals(x, y-1)



N
Qualifiers can be nested Il

Everybody loves somebody
- X,Y loves(xy)

There is somebody that everybody loves
, Y - X loves(x,y)

So order matters!!!!



Relational Calculus

¥ Comes in twdlavours Tuplerelational calculugTRC)and
Domain relational calculug¢DRC).

¥ Calculus hasariables, constants, comparison ofsyical
connectivesnd quantifiers
p TRC: Variablesrange over (i.e., get bound to) tuples.
p DRC: Variablesrange over domain elements (= field values).
p Both TRC and DRC are simple subsets of first-order logic.

¥ EXxpressions in the calculus are callednulas An answetupleis
essentially an assignment of constants to variables that make th
formula evaluate torue.




B 4 T
Tuple Relational Calculus

¥ Query hastheform: {T | p(T)}

P p(T) denotes aformulain which tuple variable T
appears.
¥ Answer Isthe set of all tuples T for which
the formula p(T) evaluates to true.

¥ Formula isrecursively defined:

$ start with ssmple atomic formulas (get tuples
from relations or make comparisons of values)

$ build bigger and better formulas using the logical
connectives.




B T
TRC Formulas

¥ An Atomic formula is one of the following:
R. Rel
R.aopShb
R.a 0p constant
opisoneof <>=!,"#
¥ A formula can be:
b an atomic formula

bBAp p! g p" q wherep and g are formulas
D | R(p(R)) Where variable Risatuple variable
b ! R(p(R)where variable Risatuple variable




B T
Free and Bound Variables

¥ Theuse of quantifiers! Xand! Xinaformulaissad
to bind X in the formula.

b A variable that ishot boundisfree
¥ Let usrevigit the definition of a query:

D{T|p(N}

¥y Thereis an important restriction

N the variable T that appears to the left of *| Omust be
the only free variable in the formula p( 7).

N in other words, all other tuple variables must be
bound using a quantifier.



Selection and Projection

¥ Find all sailors with rating above 7
{S|S. Salors &Srating > 7}

b Modify this query to answer: Find saillors who are
older than 18 or have arating under 9, and are called
@obO

¥ Find names and ages of sailors with rating above
7. {S| ,Sl. Salorsg(Sl.rating > 7
& S.sname= Sl.sname
& S.age= Sl.age)}
Note, here S is a tuple variable of 2 fields (i.e. {S} Is a

projection of sailors), since only 2 fields are ever mentioned
and Sis never used to range over any relations in the query.




I
Joins

Find sailors rated > 7 who(re reserved boat #103

{S| S Salors&Srating>7&
, R(R. Reserves & R.sid = S.sid
& R.bid = 103)}

Notetheuseof , tofind atuplein Reservesthat joins
withCthe Sailors tuple under consideration.
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Joins (continued)

Cind sailors rated > 7 who®e reserved boat # 103

{S| S Sailors& Srating>7&
, R(R. Reserves & R.sid = S.sid
& R.bid = 103)}

Cind sailors rated > 7 who®e reserved a red boat

{S| S Sailors& Srating>7&
, R(R. Reserves & R.sid = S.sid
&, B(B. Boats & B.bid = R.bid
& B.color = @ed )}

¥ Observe how the parentheses control the scope of each

ﬂﬂiiﬁﬂﬁ Ri nﬂinﬂ. ‘ﬁ milﬂ ia ﬁL!I
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Division (makes more sense here???)

Find sailors who®e reserved all boats
(hint, use ")

{S| S Sallors&
- B. Boats(, R. Reserves
(S.sid = R.sid
& B.bid = R.bid))}

¥ Find all sailors Ssuch that for each tuple B In
Boats there is atuple in Reserves showing that
sallor Shasreserved It.



EEm—— ossssa——
Division Datrickier exampleE

Find sailors who ®e reserved all Red boats

{S| S Sailors&
- B. Boats(B.color = @ed(
, R(R. Reserves & Ssid = R.sid
& B.bid = R.bid))}

Alternatively E

{S| S Sailors&
- B. Boats(B.color/ @dO'
, R(R. Reserves & Ssid = R.sid
& B.bid = R.bid))}



a( bisthe same asha' b

b ¥ If aistrue, b must be
T = true for the
implication to be true.

If aistrueandbis

a T - false, the implication
evaluatesto false.
E| T T ¥ If aisnot true, we
don@ care about b, the
expression is always
true.




Domain Relational Calculus

¥ Query has the form:
§<xlx2,...,xn>| pfg<xlx2,...,xn>%;

$ Answer includes all tuples <X:LX2’---’X”> that

make the formula p§<x],x2,...,xn>§ be true

$ Famulaisrecursively defined, starting with
simple atomic formulas (getting tuples from
relations or making comparisons of values),
and building bigger and better formulas using
thelogical connectives.




DRC Formulas

¥ Atomic formula;
P <XZLX2,...,XH>! Rname | orXY, or Xooconstant
isoneof <>=1" H#

¥ Formula:
p an atomic formula, or
p AP P! g P q,wherepandqgareformulas, or
p | X(p(X)),wherevariable X isfreein p(X), or
p | X(p(X)),wherevariable X isfreein p(X)



Free and Bound Variables

¥ The use of quantifiers | Xand ! X inaformula
Issaid to bind X.

p A variablethat is not bound isfree.
¥ Let usrevidit the definition of a query:

' ! $t

§<xlx2,...,xn> | pﬁ<xlx2,...,xn>%

$ Thereisan important restriction: thevariables
x1, ..., xn that appear to the left of | Omust be

the only free variablesin the formulap(...).




Find all sallors with arating above 7
PLNTALLNTAL salors” T>7;

¥ The condition <| , N,T,A>! Sailors ensuresthat the
doman variables|, N, T and A are bound to fields of the
same Sailorstuple.

¥ Theterm (I,N,T,A to theleft of *|Gwhich should be
read as such that) says that every tuple <I , N,T,A> that
satisfies T>7 isin the answer.

¥ Modify this query to answer:

p Find sailors who are older than 18 or have a rating under 9, ¢
are calledJoeO



Find sailorsrated > 7 whoe reserved boat #103

gI,N,T,A>
l |r,Br,D f<

<I,N,T,A>" Sallors#T>7#
r,Br,D> " Reserves# Ir=1# Br=103).

¥ Wehaveused ! Ir,Br, D (...) asashorthand for

(1 Br (! D (.. )))

¥ Notetheuseof ! tofindatuplein Reservesthat
“joins withGthe Sailors tuple under consideration.



Find sailors rated > 7 who(e reserved ared boat

§§<I’N’T’A>I<I,N,T,A>! Sailors" T>7"
| Ir,Br,D{Ir,Br,D " Reservesi# Ir=1#

| B,BN,CE%B,BN,CV Boats# B= Br#C:'red"%'%Z

¥ Observe how the parentheses control the scope of
each quantifier@ binding.



Find saillors whoQe reserved dll
boats

g§|,N,T,A>|<|,N,T,A>! Sailors "
| B,BN,C%A%B,BN,Q " Boatsg #
5 &

*

¢l Ir,Br,D §<Ir,Br,D>" Reserves# | =Ir # Br:B'g'%%;
7 % (((:

¥ Find all sailors | such that for each 3-tupleB,BN,C)
either it Isnot atuple in Boats or thereisatuplein
Reserves showing that sailor | has reserved It.



EEm e
Find sailors whoe reserved all boats

(again!)
“I,N,T,A|/I,N,T,A! Sailors"
: | )

| <B,BN,C> " Boats

" <Ir,Br,D># ReservesT=Ir$Br=B*
& ).

&

¥ Simpler notation, same query. (Much clearer!)
¥ Find sailors whoQre reserved all RED boats:

----- C=red" #Ir,Br,D $ Reservefl =Ir %Br=B;
e
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Unsafe Queries, Expressive Power

¥ , syntactically correct calculus queries that have an
Infinite number of answers! Unsafe queries.

Peg. S| AiS! Sailors:

P Solution???? Ddido that!

¥ EXxpressive Power:

b every query that can be expressed in relational algebra car
expressed as a safe query in DRC / TRC,; the converse is ¢
true.

¥ Relational Completeness. Query language (e.g., SQL)
can express every query that is expressible in relational
algebra/calculus. (actualy, SQL is more powerful, as
we will seek )




Summary

¥ The relational model has rigorously defined query langubiges
simple and powerful.

¥ Relational algebra is more operational
b useful asinternal representation for query evaluation plans.

¥ Relational calculus is non-operational

D usersdefine queriesin terms of what they want, not in terms of how to
compute it. (Declarative)

¥ Several ways of expressing a given query
P aquery optimizer should choose the most efficient version.

¥ Algebra and safe calculus have sameressivepower
b leadsto the notion of relational completeness.



Recommended Exercise

¥ Redo all examplesin the book, expressin
relational algebra, TRC, and DRC



