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TUTTIKES ZXEOIOKES TAWOOEC

®m Relational Algebra
® Tuple Relational Calculus
®m Domain Relational Calculus

6.2



- T xeolakn AAyeBpa

® Procedural language
m 'E¢I Baoikég Npaceic (operations)

EmmiAoyry/select: ©

[MpoBoAr/project: T

‘Evwaon/union: v

Alagopd 2uvolwv/set difference: —
KapTteolavo Nvouevo/Cartesian product: x
MeTtovouaaia/rename: p

® O Tapatmdvw TTPAacelc Aaupavouv otnv €icodo Jia r; dUo OXECEIC
(Trivakeg) Kal divouv w¢ aTTOTEAECUA Wia vEQ oxEon
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Select Operation — Napadeiypa

®m Relationr

A D
ax 7%
a 7
3

DT IS

NS a0

10

" Gp=grpss(h)
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Select Operation

®  2upBoMNIoHOG: o (r)
B p KaAgital selection predicate
m Opioudc:

op(r) ={t|t e rand p(t)}

To p uTTOpPEI VA €ival pia cUVOETN €EKPpPacn XPNOIUOTTOIWVTAG OPOUG
terms ouleuyuEVOUG PE TOUG TEAEOTEG © A (and), v (or), — (not)
Kdabe 6pog term eivai:

<attribute> op <attribute> or <constant>

OTTOU 0p €ival KATTOIOC TEAEOTAG: =, #, >, 2. <. <
m  [lapddeiyua:

O dept_name=“Ph ysics”(I nstructor)
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Project Operation — Napadsiypa

®m Relationr:

A|B|C
a(10]1
a [20] 1
b 130] 1
B [40] 2
= [lac (1) AlC AllC
all all
all|l = |P|1
Bl1 |2
B2
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Project Operation

B 2UJBOAIOUOC:
[1 ALAS A (I’)
OTTOUA,, A, TO OVOUATA XOPAKTNPIOTIKWY OTn aXEon r

® To ammotéAeoyua gival pyia oxéon Je K OTAAEG TTOU TTPOKUTITOUV
AQAIPWVTAG TIG N ETTIAEYUEVEG OTNAEG

B AITTAEC YPANUES a@alpoUVvTal ATTO TO ATTOTEAEOUA, A@POU Ol OXEoN Eival
éva oUvoAo

m [lapadeiyua:
1_[ID, name, salary (instructor)
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Union Operation — Mapadsiypa

B Relationsr, s:

B rus:

A
o
o

p

— N =TT

¥

N3

=™ 8 S

W = N =g
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Union Operation

2UMBOANIOMOG: T U S
Oplioudc:

rvs={t|terorte s}
[la va gival n évwon r U s Eykupn.

1. r, s TpéTTel va €xouv Tov idlo BaBuo arity (idlo apiBuod atrd
XAPOAKTNPIOTIKA)

2. Ta media TIHWV TWV XapaKTNPIOTIKWY va gival cupBard/compatible
(Tr.X.: 2" OTAAN TNG I TTPETTEI VA €XEI TOV D10 TUTTO (KO AoyIKn) JE TRV 20
OTNAN TNG S)

[Mapadeiyua: find all courses taught in the Fall 2009 semester, or in the

Spring 2010 semester, or in both

[eourse_id (O semester="Fall” A year=2009 (SECtION)) ©

1_[course_id (o semester="Spring” A year=2010 (section))
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Set differencel/ Aia@opd Auo ZxEoswv

B Relationsr, s:

Al
o
o

A
al2
b

— N =TT

5

p
»
B r-S: Al B

=
ok

6.10



..-, Set Difference Operation

e

2UMBOAIOUOG: r—S
OpIoNOC:
r-s ={t|terandt ¢ s}

B Hmpdgn mpétrel va yivel oe dUo cuupartéc compatible oxéoelc.
r Kal S MITPETTEl VA €XOUV ToV idI0 BaBud/same arity

Ta Tedia TINWV TWV XAPAKTNPICTIKWY Va gival cupBaTtd

m [lapadeiyua: find all courses taught in the Fall 2009 semester, but
not in the Spring 2010 semester

[Teourse_id (0 semester="Fall” A year=2009 (S€CtION)) -~
Meourse_id (O semester=“spring” A year=2010 (S€CtioN))
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B Relationsr, s;

B rxs:

A|B C|D|E
a1 a |10| a
B2 B |10] a
p120|b
v [10]| b
S
A[B|C|D|E
x| 1|all0] a
al1|p[10|a
a|l1|p|20]|b
a|1|vy|10[b
Pl2|ax]10]a
2P [10]a
B2]|P|20|b
Bl2]y]|10|Db
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Cartesian-Product Operation

B 2UMBOANICMOG: rX S
m Oploudc:
rxs={tq|terandg e s}

B YT1oBEToupe OTI Ta XapakTnpIoTIKA r(R) and s(S)
Oev gival kova . (dnAadn, R N S = ©).

B Av UTTAPXOUV KOIVA XOPAKTNPIOTIKA TTPETTEI VA
Yivel yeTovouaaoia
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2uvleon MNpagswyv

m  XpAon TToAAWYV TTPALEWY O€ Jia oxEon

B [lopadelyua: cu_(r X s)

" XS A[BICIDIE
all|a|10] a
ol 1P |10] a
ol 1P |20| b
a|1]|Y|10| b
B|2|a|l10] a
Bl2|P[10] a
Bl2|B|20| b
Bl2|Y|10| b
B o, c(rxs) A|BIC|DI|E
|l |a|l10| a
Bl2|p[10] a
B12|pP 20| b
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Npdagn Metovoupacoiag/Rename

B Aivoupe €va dvoua, TO OTTOI0 JTTOPOUME OTN OUVEXEI va avaPePBoUpE
KAl va TO XPNOIUOTTOINOOUNE O€ dia GAAN TTPAEN

® Eival duvatod va avagepboupe o€ hia oxéon JE TTapatTavw atro Eva
ovopaTa

m [lapadeiyua:
P x (E)

EMOTPEPEI TNV EKPpaon E ye To dvopa X
B Av n ékppaon E €xel BaBud n, 161€

Px(AL A, AL (E)

ETTIOTPEPEI TO ATTOTEAEO A TNG E pe dvopa X, Kal JE Ta XAPAKTNPIOTIKA
éxoviag ovopara tTa Ay, Ay, L, A,
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_ya. MNapdadeiypa EpwWTANATOC
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B Find the largest salary in the university

Brina 1: find instructor salaries that are less than some other
instructor salary (i.e. not maximum)

using a copy of instructor under a new name d

’ 1—[instructor.salary (Ginstructor.salary < d.salary
(instructor x pq (instructor)))

BAua 2: Find the largest salary

» Isalary (INStructor) —

1_[instructor.salary (o instructor.salary < d.salary
(instructor x pyq (instructor)))
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Mapadsiypata EpwTnUHATWY

® Find the names of all instructors in the Physics department, along with the
course_id of all courses they have taught

Epwtnua 1

1_[instructor.ID,course_id (Gdept_name=“Physics” (
G instructor.ID=teaches.ID (INStructor x teaches)))

Epwtnua 2

1_[instructor.ID,course_id (Ginstructor.ID:teaches.ID (

G dept name="Physics’ (INStructor) x teaches))

6.17



—_ - ‘!

. Tumikoi Opiocuoi

- ==

B Mia Baoikf EKppaon TNG OXEOIOKAC AAYERpac attoTeAEiTal ATTO :
Mia oxeon Tng BA
Mia oxéon otaBepa

B 'Eotw E,; kail E, ek@pAoeig TNG OXECIOKNG AAYyERPAG uTTOPOUUE va
EXOUME TIG TTOPAKATW EKPPACEIG:

Ei-E,
Eq XEs
% (E4), P is a predicate on attributes in E

[15(E4), S is a list consisting of some of the attributes in E4

P« (E1), x is the new name for the result of E4
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AAAgg MNpageig

B Set intersection

m Natural join / Puoiki Z0vdeon
®  Assignment
m Outer join
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Set-Intersection Operation

2UMBOAIOMOG: 'S
m Oploudc:
rns={t|terandtes}
® YToBioslg:
r, s €xouv idlo Babud/arity
2UUBATA XapOKTNPIOTIKA
B 2nueiwon:rns=r—(r—-s)
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# Set-Intersection Operation — NMNapadsiypa

m Relationr, s: A B A B
ol 1l |2
ol 2 |3
pl1 S
¥
B rns A B

>
N
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Natural-Join Operation/@uoikn Zuvdeon

®m 2upBoAiouds: riXs

B 'EOTw r Kal S oX£o€IC oTa oXNUaTa R kal S avriaToixa.
Tote, r Xs eival gia oxéon o1o oxnua R U S 1Tou dnuioupyeital wg £€NG:

OewpnoTe KABe Ceuydpl TTAEIGOWV t, OTTO TNV I KAl tg TNG S.

Eav t, kal tg €xouv TnVv idla TINA 0€ KABE £va XAPAKTNPIOTIKO TNV TOUN
R N S, totroB€éTnon TNV TTAEIAdA OTO ATTOTEAECUA, OTTOU

» LEXEN TNV i0Ia TIUA OTTWG . OTNV T
» T ExEI TNV idIA TINA OTTWCG tgomnvs
m [lapadeiyua:
R=(A, B,C,D)
S=(E, B, D)
Result schema = (A, B, C, D, E)
r <|'s opIouOG:
Il rB rc rD sEOCrB=sBArD=sD( X S))
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Natural Join NMNapdad&siypa

B Relationsr, s:

A
X
B
'Y
X
5

N = = N =T
<% R
oo oo ol

m rXs

o S 9 9
N = == S
)

oo o o ol
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f‘ Natural Join ka1 Theta Join

- ==

® Find the names of all instructors in the Comp. Sci. department together with
the course titles of all the courses that the instructors teach

[T hame, title (O dept_name=*Comp. Sci.” (instructor X teaches X course))
® Natural join is associative

(instructor x| teaches) x| course IS equivalent to
instructor X (teaches [ course)

® Natural join is commutative

instruct X teaches IS equivalent to
teaches X instructor

B The theta join operation r X »s is defined as

r Mys =G,(r X S)

6.24



Assignment Operation/Avadson

m H1pdgn TG avaBeong («—) TTapExel Evav pnXaviouo yia Ty
ONAWON CUVBETWYV EPWTNHUATWY

‘Eva epwtnua JTTOPEI va ypagei oav Eva TTPOYPANUA TTOU
atroTeAgiTal atrd

» Mia ogipa atmd avaBéoelg
» AKOAouBoUueveC atTd Jia EK@paon

O1 avaBeoeIg TTPETTEl va YivovTal O€ dia TTpOCWPIVI) METABANTH
oXeong
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Quter Join

An extension of the join operation that avoids loss of information.

Computes the join and then adds tuples form one relation that does not
match tuples in the other relation to the result of the join.

Uses null values:

null signifies that the value is unknown or does not exist

All comparisons involving null are (roughly speaking) false by
definition.

» We shall study precise meaning of comparisons with nulls later
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-‘ Quter Join — MNapadsiypa

e

B Relation instructorl

ID name dept_name
10101 Srinivasan Comp. Sci.
12121 Wu Finance
15151 Mozart Music

m Relation teachesl

ID course_id
10101 CS-101
12121 FIN-201
76766 BlIO-101

6.27
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® Join

instructor X teaches

Quter Join — MNapad&iypa

ID name dept_name| course id
10101 Srinivasan Comp. Sci.| CS-101
12121 Wu Finance FIN-201

m Left Outer Join
instructor _ x| teaches

ID name dept_name| course id
10101 Srinivasan Comp. Sci. | CS-101
12121 Wu Finance FIN-201
15151 Mozart Music null

6.28




QOuter Join — Example

® Right Outer Join

instructor X_ teaches

ID name dept_name | course_id
10101 Srinivasan Comp. Sci. | CS-101
12121 Wu Finance FIN-201
76766 null null BIO-101
® Full Outer Join
instructor _X[_ teaches
ID name dept_name | course id
10101 Srinivasan Comp. Sci. | CS-101
12121 Wu Finance FIN-201
15151 Mozart Music null
76766 null null BIO-101
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Outer Join using Joins

m Quter join can be expressed using basic operations
M.x. X s can be written as

(r} s) U(r—T1g(r xis) x{(null, ..., null}
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Null Values

It is possible for tuples to have a null value, denoted by null, for some
of their attributes

null signifies an unknown value or that a value does not exist.
The result of any arithmetic expression involving null is null.
Aggregate functions simply ignore null values (as in SQL)

For duplicate elimination and grouping, null is treated like any other
value, and two nulls are assumed to be the same (as in SQL)
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— - Null Values

m Comparisons with null values return the special truth value: unknown
If false was used instead of unknown, then not (A <5)

would not be equivalent to A>=5
B Three-valued logic using the truth value unknown:
OR: (unknown or true) = true,
(unknown or false) = unknown
(unknown or unknown) = unknown
AND: (true and unknown) = unknown,
(false and unknown) = false,

(unknown and unknown) = unknown
NOT: (not unknown) = unknown

In SQL “P is unknown” evaluates to true if predicate P evaluates to
unknown

m Result of select predicate is treated as false if it evaluates to unknown

6.32



Division Operator

Given relations r(R) and s(S), such that S ¢ R, r =+ s s the largest
relation t(R-S) such that
txscr

E.g. let r(ID, course_id) = [1jp course ia (takes ) and

s(course_id) = [1;oyrse id (Gdept_name=“Biology”(course )
then r + s gives us students who have taken all courses in the Biology
department

Can writer -s as

templ « [ (r)
temp2 « [Igs ((templ xs) —llgss (1))
result = templ — temp2

The result to the right of the < is assigned to the relation variable on
the left of the «.

May use variable in subsequent expressions.
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Extended Relational-Algebra-Operations

m Generalized Projection
m Aggregate Functions
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Generalized Projection

Extends the projection operation by allowing arithmetic functions to be
used in the projection list.

HFlle ----- Fn(E)

E is any relational-algebra expression

Each of F;, F,, ..., F,, are are arithmetic expressions involving constants
and attributes in the schema of E.

Given relation instructor(ID, name, dept_name, salary) where salary is
annual salary, get the same information but with monthly salary

[ip, name, dept_name, salaryr12 (instructor)
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-r._g: Aggregate Functions and Operations

® Aggregation function takes a collection of values and returns a single
value as a result.

avg. average value
min: minimum value
max: maximum value
sum: sum of values
count: number of values

m Aggregate operation in relational algebra
61.Gs.Cy G F(AVE (AyuaF (AL E)

E is any relational-algebra expression
G,, G, ..., G, is alist of attributes on which to group (can be empty)
Each F,; is an aggregate function
Each A, is an attribute name

m Note: Some books/articles use Y instead of 6 (Calligraphic G)
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Aggregate Operation — Example

®m Relationr:

>
o
@)

™ ™ R R
D™ ™ R
w

=G sum(o) (") sum(c)
27
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® Find the average salary in each department

Aggregate Operation — Example

dept_name G avg(salary) (instructor)

ID | name dept_name | salary
76766 | Crick Biology 72000
45565 | Katz Comp. Sci. | 75000
10101 | Srinivasan | Comp. Sci. | 65000
83821 |Brandt Comp. Sci. | 92000
98345 | Kim Elec. Eng. | 80000
12121 |Wu Finance 90000
76543 | Singh Finance 80000
32343 | El Said History 60000
58583 | Califieri History 62000
15151 | Mozart Music 40000
33456 | Gold Physics 87000
22222 | Einstein Physics 95000

6.38

dept_name |avg_salary
Biology 72000
Comp. Sci. | 77333
Elec. Eng. | 80000
Finance 85000
History 61000
Music 40000
Physics 91000




Aggregate Functions (Cont.)

® Result of aggregation does not have a name
Can use rename operation to give it a name

For convenience, we permit renaming as part of aggregate
operation

dept_name Gavg(salary) as avg_sal (instructor)
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Modification of the Database

® The content of the database may be modified using the following
operations:

Deletion
Insertion
Updating

m All these operations can be expressed using the assignment
operator
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— - Multiset Relational Algebra

m Pure relational algebra removes all duplicates
e.g. after projection
m Multiset relational algebra retains duplicates, to match SQL semantics

SQL duplicate retention was initially for efficiency, but is now a
feature

m Multiset relational algebra defined as follows

selection: has as many duplicates of a tuple as in the input, if the
tuple satisfies the selection

projection: one tuple per input tuple, even if it is a duplicate

cross product: If there are m copies of t1 in r, and n copies of t2
In s, there are m x n copies of t1.t2inr xs

Other operators similarly defined

» E.g. union: m + n copies, intersection: min(m, n) copies
difference: min(0, m — n) copies
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SQL and Relational Algebra

B select Al, A2, .. An
from r1,r2, ..., rm
where P

IS equivalent to the following expression in multiset relational algebra

ITar . Aan (O p (X r2 x..x rm))

m select Al, A2, sum(A3)
from r1,r2, ..., rm

where P
group by Al, A2

IS equivalent to the following expression in multiset relational algebra

Al, A2 GSum(AS) (O P (rlx r2 x..x rm)))
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ﬂ SQL and Relational Algebra

o

® More generally, the non-aggregated attributes in the select clause
may be a subset of the group by attributes, in which case the
equivalence is as follows:

select Al, sum(A3)
from r1,r2, ..., rm
where P

group by Al, A2

IS equivalent to the following expression in multiset relational algebra

[T A1,sumA3( A1,A2 G sum(A3) as suma3(C p (1 X 12 X .. x rm)))

6.43



Tuple Relational Calculus
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..-, Tuple Relational Calculus

e

® A nonprocedural query language, where each query is of the form
{t|P(t)}

It is the set of all tuples t such that predicate P is true for t

tis a tuple variable, t [A ] denotes the value of tuple t on attribute A

t € r denotes that tuple t is in relation r

P is a formula similar to that of the predicate calculus
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Il Predicate Calculus Formula

Set of attributes and constants
Set of comparison operators: (e.g., <, <, =, #, >, 2)
Set of connectives: and (A), or (v), not (—)

A

Implication (=): x =y, if x if true, then y is true
X=>Yy=—XVY
5. Set of quantifiers:

dt er(Q (t)) ="there exists” a tuple in t in relation r
such that predicate Q (t) is true

vVt er (Q (t)) =Q is true “for all” tuples t in relation r

6.46



q

- Example Queries

- ==

® Find the ID, name, dept_name, salary for instructors whose salary is
greater than $80,000

{t| t € instructor A t [salary ] > 80000}

®m As in the previous query, but output only the ID attribute value
{t| 3s einstructor (t[ID]=s[ID] A s [salary ] > 80000)}

Notice that a relation on schema (ID) is implicitly defined by
the query

6.47



Example Queries

® Find the names of all instructors whose department is in the Watson
building

{t| ds e instructor (t [name ] = s [name ]
A Ju e department (u [dept_name ] = s[dept_name] “
A U [building] = “Watson” ))}

® Find the set of all courses taught in the Fall 2009 semester, or in
the Spring 2010 semester, or both

{t | 3s € section (t [course _id ] = s [course_id | A
s [semester] = “Fall” A s [year] = 2009
v Ju € section (t [course_id ] =u [course id ] A
u [semester] = “Spring” A u [year] = 2010)}
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Example Queries

®m Find the set of all courses taught in the Fall 2009 semester, and in
the Spring 2010 semester

{t | 3s € section (t [course _id ] = s [course_id | A
s [semester] = “Fall” A s [year] = 2009
A Ju e section (t [course_id ] =u [course id ] A
u [semester] = “Spring” A u [year] = 2010)}

B Find the set of all courses taught in the Fall 2009 semester, but not in
the Spring 2010 semester

{t| 3s € section (t [course _id ] = s [course_id | A
s [semester] = “Fall” A s [year] = 2009
A — Ju € section (t [course id ] =u [course id] A
u [semester] = “Spring” A u [year] = 2010)}
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Safety of Expressions

It is possible to write tuple calculus expressions that generate infinite
relations.

For example, {t| =t € r } results in an infinite relation if the domain of
any attribute of relation r is infinite

To guard against the problem, we restrict the set of allowable
expressions to safe expressions.

An expression {t | P (t)} in the tuple relational calculus is safe if every
component of t appears in one of the relations, tuples, or constants that
appear in P

NOTE: this is more than just a syntax condition.

» E.g. {t|t[A] =5 Vv true } is not safe --- it defines an infinite set
with attribute values that do not appear in any relation or tuples
or constants in P.
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Universal Quantification

® Find all students who have taken all courses offered in the
Biology department

{t| 3r e student (t[ID] =r [ID]) A
(V u € course (u [dept_name]="Biology” =
ds etakes (t[ID]=s[ID] A
S [course _id] = u [course_id]))}

Note that without the existential quantification on student,
the above query would be unsafe if the Biology department
has not offered any courses.
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Domain Relational Calculus
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-Iﬂ Domain Relational Calculus

o

® A nonprocedural query language equivalent in power to the tuple
relational calculus

m Each query is an expression of the form:

{<X11 X27 feay Xn > | P (Xl’ X2’ T Xn)}

X1, Xo, ..., X, represent domain variables
P represents a formula similar to that of the predicate calculus
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Example Queries

Find the ID, name, dept_name, salary for instructors whose salary is
greater than $80,000

{<i,n,d,s>| <i, n,d, s> e instructor A s > 80000}
As in the previous query, but output only the ID attribute value
{<i> | <1, n,d, s> e instructor A s > 80000}

Find the names of all instructors whose department is in the Watson
building

{<n>]| 3i,d,s(<i,n,d, s> e instructor
AdDb,a(<d, b, a> e department A b =“Watson”))}
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Example Queries

® Find the set of all courses taught in the Fall 2009 semester, or in
the Spring 2010 semester, or both

{<c>| Fa,s,y,b,r,t (<c,a, s,y b, t> e section A
s ="“Fall” Ay =2009)
via,s,y, b, rt(<c,a, s,y b, t>e section] A
s =“Spring” Ay = 2010)}

This case can also be written as
{<c>| Fa,s,y,b, 1t (<c,a,s,y, b, t> e section A
((s="“Fal’ Ay=2009) v (s="“Spring” Ay =2010))}

®m Find the set of all courses taught in the Fall 2009 semester, and in
the Spring 2010 semester

{<c>| 3a,s,y,b, 1t (<c,a,s,y, b, t> e section A
s ="“Fall” Ay =2009)
Ada,s,y, b, rt(<c a, s,y b, t> e section] A
s =“Spring” Ay = 2010)}
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Safety of Expressions

The expression:

{<Xq, X9, oy Xp > | P Xy Xp, 2oy X))

is safe if all of the following hold:

1. All values that appear in tuples of the expression are values
from dom (P ) (that is, the values appear either in P or in a tuple of a
relation mentioned in P ).

2. For every “there exists” subformula of the form 3 x (P,(x)), the
subformula is true if and only if there is a value of x in dom (P,)
such that P,(x ) is true.

3. For every “for all” subformula of the form Vv, (P, (x)), the subformula is
true if and only if P,(x ) is true for all values x from dom (P).
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= Universal Quantification

® Find all students who have taken all courses offered in the Biology
department

{<i>|3nd,tc(<i,n,d,tc> e student A
(¥ ci, ti, dn, cr (<ci, ti, dn, cr > € course A dn ="Biology”
= Jsi, se,y, g(<ici si se,y, g> e takes ))}

Note that without the existential quantification on student, the
above query would be unsafe if the Biology department has not
offered any courses.

* Above query fixes bug in page 246, last query
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Figure 6.01

ID name dept_name salary
10101 | Srinivasan | Comp. Sci. | 65000
12121 | Wu Finance 90000
15151 | Mozart Music 40000
22222 | Einstein Physics 95000
32343 | El Said History 60000
33456 | Gold Physics 87000
45565 | Katz Comp. Sci. | 75000
58583 | Califieri History 62000
76543 | Singh Finance 80000
76766 | Crick Biology 72000
83821 | Brandt Comp. Sci. 92000
98345 | Kim Elec. Eng. 80000
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Figure 6.02

ID | name |dept_name | salary

22222 | Einstein | Physics 95000
33456 | Gold Physics 87000
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Figure 6.03

| ID | name | salary |
10101 | Srinivasan | 65000
12121 | Wu 90000

15151 | Mozart 40000
22222 | Einstein 95000
32343 | El Said 60000

33456 | Gold 87000
45565 | Katz 75000
58583 | Califieri 62000
76543 | Singh 80000
76766 | Crick 72000
83821 | Brandt 92000
98345 | Kim 80000

6.61



Figure 6.04

course_id

BIO-101
BIO-301
C5-101
CS5-101
CS5-190
CS5-190
C5-315
CS-319
CS-319
CS5-347
EE-181
FIN-201
HIS-351
MU-199
PHY-101

sec_id

(RN G RN G T O ) NG J S QSO NG Y QR G G G |

semester

Summer
Summer
Fall
Spring
Spring
Spring
Spring
Spring
Spring
Fall
Spring
Spring
Spring
Spring
Fall

year

2009
2010
2009
2010
2009
2009
2010
2010
2010
2009
2009
2010
2010
2010
2009

building
Painter
Painter
Packard
Packard
Taylor
Taylor
Watson
Watson
Taylor
Taylor
Taylor
Packard
Painter
Packard
Watson

room_number|time_slot_id

514
514
101
101
3128
3128
120
100
3128
3128
3128
101
514
101
100

>O0NmO PO >mT I > W
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Figure 6.05

course_id

CS-101
C5-315
C5-319
CS-347
FIN-201
HIS-351
MU-199
PHY-101

6.63



Figure 6.06

course_id

CS-347
PHY-101
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Figure 6.07

ID course_id | sec_id semester year
10101 | CS-101 1 Fall 2009
10101 | CS-315 1 Spring 2010
10101 | CS5-347 1 Fall 2009
12121 | FIN-201 1 Spring 2010
15151 | MU-199 1 Spring 2010
22222 | PHY-101 1 Fall 2009
32343 | HIS-351 1 Spring 2010
45565 | C5-101 1 Spring 2010
45565 | CS-319 1 Spring 2010
76766 | BIO-101 1 Summer | 2009
76766 | BIO-301 1 Summer | 2010
83821 | C5-190 1 Spring 2009
83821 | CS-190 2 Spring 2009
83821 | CS-319 4 Spring 2010
98345 | EE-181 1 Spring 2009
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Figure 6.08

Inst.ID| name dept_name|salary | teaches.ID| course_id |sec_id| semester| year
10101 |[Srinivasan|Comp. Sci| 65000 10101 CS-101 1 Fall 2009
10101 |[Srinivasan|Comp. Sci| 65000 10101 (CS-315 1 Spring | 2010
10101 |[Srinivasan|Comp. Sci| 65000 10101 CS-347 1 Fall 2009
10101 |[Srinivasan|Comp. Sci| 65000 12121 FIN-201 1 Spring | 2010
10101 |[Srinivasan|Comp. Sci| 65000 15151 MU-199 1 Spring | 2010
10101 |[Srinivasan|Comp. Sci| 65000 22222 PHY-101 | 1 Fall 2009
12121 |Wu Finance 90000 | 10101 Cs-101 1 Fall 2009
12121 |Wu Finance 90000 | 10101 (CS-315 1 Spring | 2010
12121 |Wu Pinance | 90000| 10101 (CS-347 1 Fall 2009
12121 |Wu Pinance 90000| 12121 FIN-201 1 Spring | 2010
12121 |Wu Finance 90000| 15151 MU-199 1 Spring | 2010
12121 (Wu Pinance 90000 | 22222 PHY-101 | 1 Fall 2009
15151 |Mozart Music 40000| 10101 CSs-101 1 Fall 2009
15151 |Mozart Music 40000 10101 CS-315 1 Spring | 2010
15151 |Mozart Music 40000 10101 (CS-347 1 Fall 2009
15151 [Mozart Music 40000 12121 FIN-201 1 Spring | 2010
15151 [Mozart Music 40000 15151 MU-199 1 Spring | 2010
15151 |Mozart Music 40000 22222 PHY-101 | 1 Fall 2009
22222 |Einstein Physics 95000 | 10101 CS-101 1 Fall 2009
22222 |Einstein  [Physics 95000 10101 (CS-315 1 Spring |[2010
22222 |Einstein Physics 95000 | 10101 CS-347 1 Fall 2009
22222 |Einstein Physics 95000 | 12121 FIN-201 1 Spring | 2010
22222 |Einstein Physics 95000 | 15151 MU-199 1 Spring | 2010
22222 |Einstein 95000 | 22222 PHY-101 | 1 Fall 2009

Physics
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Figure 6.09

inst.ID | name dept_name| salary | teaches.ID | course_id | sec_id | semester | year
22222 |Einstein| Physics | 95000 | 10101 CS-437 1 Fall 2009
22222 |Einstein| Physics | 95000 | 10101 CS-315 1 Spring | 2010
22222 |Einstein| Physics | 95000 | 12121 FIN-201 1 Spring | 2010
22222 |Einstein| Physics | 95000 | 15151 MU-199 1 Spring | 2010
22222 |Einstein| Physics | 95000 | 22222 | PHY-101| 1 Fall 2009
22222 |Einstein| Physics | 95000 | 32343 HIS-351 1 Spring | 2010
33456 |Gold Physics | 87000 | 10101 CS5-437 1 Fall 2009
33456 |Gold Physics | 87000 | 10101 CS-315 1 Spring | 2010
33456 |Gold Physics | 87000 | 12121 FIN-201 1 Spring | 2010
33456 |Gold Physics | 87000 | 15151 MU-199 1 Spring | 2010
33456 |Gold Physics | 87000 | 22222 PHY-101| 1 Fall 2009
33456 |Gold 87000 | 32343 HIS-351 1 2010

Physics

Spring
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Figure 6.10

| name | course_id |
Einstein | PHY-101
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Figure 6.11

65000
90000
40000
60000
87000
75000
62000
72000
80000
92000
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Figure 6.12

95000
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Figure 6.13

course_id

C5-101
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Figure 6.14

ID name dept_name | salary | course_id | sec_id | semester| year
10101 |Srinivasan| Comp. Sci.| 65000 | CS-101 1 |Fall 2009
10101 |Srinivasan| Comp. Sci.| 65000| CS-315 1 |Spring | 2010
10101 |Srinivasan| Comp. Sci.| 65000 | CS-347 1 |Fall 2009
12121 [Wu Finance |90000| FIN-201 | 1 [Spring [ 2010
15151 |Mozart | Music 40000| MU-199 | 1  |[Spring | 2010
22222 |Einstein | Physics  |95000| PHY-101| 1 |Fall 2009
32343 |ElSaid | History | 60000| HIS-351 | 1 |Spring | 2010
45565 |Katz Comp. Sci.| 75000| CS-101 1 |Spring | 2010
45565 |Katz Comp. Sci.| 75000| CS-319 1 [Spring | 2010
76766 |Crick Biology |72000| BIO-101 | 1 |Summer| 2009
76766 |Crick Biology |72000| BIO-301 | 1 |Summer| 2010
83821 |Brandt | Comp. Sci.| 92000( CS-190 1 |Spring | 2009
83821 |Brandt | Comp. Sci.|92000| CS-190 | 2 |Spring | 2009
83821 |Brandt Comp. Sci.| 92000 CS5-319 2 Spring | 2010
98345 |Kim Elec. Eng. |80000| EE-181 1 |Spring | 2009
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Figure 6.15

[ name | course_id |

Srinivasan | CS-101
Srinivasan | CS-315
Srinivasan | CS-347
Wu FIN-201
Mozart MU-199
Einstein PHY-101
El Said HIS-351

Katz CSs-101
Katz CS-319
Crick BIO-101
Crick BIO-301

Brandt CS-190
Brandt CS-319
Kim EE-181
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Figure 6.16

| name | title
Brandt Game Design
Brandt Image Processing
Katz Image Processing
Katz Intro. to Computer Science

Srinivasan | Intro. to Computer Science
Srinivasan | Robotics
Srinivasan | Database System Concepts
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Figure 6.17

ID name dept_name salary | course_id | sec_id | semester | year
10101 |Srinivasan| Comp. Sci.| 65000 | CS-101 1 |Fall 2009
10101 |Srinivasan| Comp. Sci.| 65000 | CS-315 1 |Spring | 2010
10101 |Srinivasan| Comp. Sci.| 65000 | CS-347 1 |Fall 2009
12121 (Wu Finance 90000 | FIN-201 | 1 |[Spring | 2010
15151 |Mozart Music 40000 |{MU-199 | 1 |Spring | 2010
22222 |Einstein | Physics 95000 | PHY-101| 1 |Fall 2009
32343 |El Said History 60000 | HIS-351 1 |Spring | 2010
33456 |Gold Physics 87000 | null null |null null
45565 |Katz Comp. Sci. | 75000 | CS-101 1 |Spring | 2010
45565 |Katz Comp. Sci. | 75000 | CS-319 1 |Spring | 2010
58583 |Califieri |History 62000 | null null |null null
76543 |Singh Finance 80000 | null null |null null
76766 |Crick Biology 72000 | BIO-101 1 |Summer| 2009
76766 |Crick Biology 72000 | BIO-301 | 1 |[Summer| 2010
83821 |Brandt  |Comp. Sci.| 92000 |CS-190 | 1 |Spring | 2009
83821 |Brandt Comp. Sci.| 92000 | CS-190 2 |Spring | 2009
83821 |Brandt Comp. Sci. | 92000 | CS-319 2 |Spring | 2010
98345 |Kim Elec. Eng. | 80000 | EE-181 1 |Spring | 2009
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Figure 6.18

ID course_id | sec_id | semester | year | name dept_name | salary
10101 | CS-101 1 Fall 2009 | Srinivasan Comp. Sci.| 65000
10101 | CS-315 1 Spring 2010 | Srinivasan Comp. Sci.| 65000
10101 | C5-347 1 Fall 2009 | Srinivasan | Comp. Sci.| 65000
12121 | FIN-201 1 Spring 2010 | Wu Finance 90000
15151 | MU-199 1 Spring 2010 | Mozart Music 40000
22222 | PHY-101 1 Fall 2009 | Einstein | Physics 95000
32343 | HIS-351 1 Spring 2010 | El Said History 60000
33456 | null null | null null | Gold Physics 87000
45565 | CS-101 1 | Spring | 2010 | Katz Comp. Sci.| 75000
45565 | C5-319 1 | Spring | 2010 |Katz Comp. Sci.| 75000
58583 | null null | null null | Califieri |History [62000
76543 | null null | null null | Singh Finance |80000
76766 | BIO-101 1 Summer | 2009 | Crick Biology 72000
76766 | BIO-301 1 Summer | 2010 | Crick Biology 72000
83821 | CS-190 1 Spring 2009 | Brandt Comp. Sci.| 92000
83821 | C5-190 2 | Spring | 2009 | Brandt Comp. Sci.| 92000
83821 | C5-319 2 Spring 2010 | Brandt Comp. Sci.[ 92000
98345 | EE-181 1 Spring | 2009 | Kim Elec. Eng. | 80000

6.76




Figure 6.19

| ID | name | dept_name | salary
76766 | Crick Biology 72000
45565 | Katz Comp. Sci. | 75000
10101 | Srinivasan | Comp. Sci. | 65000
83821 | Brandt Comp. Sci. | 92000
98345 | Kim Elec. Eng. | 80000
12121 |Wu Finance 90000
76543 | Singh Finance 80000
32343 | El Said History 60000
58583 | Califieri History 62000
15151 | Mozart Music 40000
33456 | Gold Physics 87000
22222 | Einstein Physics 95000
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Figure 6.20

| dept_name | salary |

Biology 72000
Comp. Sci. | 77333
Elec. Eng. | 80000
Finance 85000
History 61000
Music 40000
Physics 91000
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Figure 6.21

Einstein
Crick
Gold
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Deletion

A delete request is expressed similarly to a query, except

iInstead of displaying tuples to the user, the selected tuples are
removed from the database.

Can delete only whole tuples; cannot delete values on only
particular attributes

A deletion is expressed in relational algebra by:
r<—r—E
where r is a relation and E is a relational algebra query.
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— - Deletion Examples

m Delete all account records in the Perryridge branch.

account «<— account— G pranch name = “Perryridge” (account)

m Delete all loan records with amount in the range of 0 to 50

loan < loan — G 3ount >0 and amount <50 (loan)

B Delete all accounts at branches located in Needham.

'y <= O pranch city = “Needham” (@ccount X branch)

11 account_number, branch_name, balance (ry)

r3< 11 customer_name, account_number (rX depositor)
account « account — Iy

depositor < depositor —r,
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Insertion

To insert data into a relation, we either:
specify a tuple to be inserted
write a query whose result is a set of tuples to be inserted
in relational algebra, an insertion is expressed by:
r<— r vk
where r is a relation and E is a relational algebra expression,

The insertion of a single tuple is expressed by letting E be a constant
relation containing one tuple.
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Insertion Examples

® Insert information in the database specifying that Smith has $1200 in
account A-973 at the Perryridge branch.

account « account U {(“A-973", “Perryridge”, 1200)}
depositor « depositor U {(“Smith”, “A-973")}

®m Provide as a gift for all loan customers in the Perryridge
branch, a $200 savings account. Let the loan number serve
as the account number for the new savings account.

[ < (Gbranch_name = “Perryridge” (bOlTOWGIM Ioan))

account <— account U ITia, number, branch name, 200 (1)

depositor < depositor J chstomer_name, loan_number (rl)
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Updating

A mechanism to change a value in a tuple without charging all values in
the tuple

Use the generalized projection operator to do this task

r e HF1,F2,...,F|,(r)
Each F; is either
the | 1 attribute of r, if the | " attribute is not updated, or,

if the attribute is to be updated F; is an expression, involving only
constants and the attributes of r, which gives the new value for the
attribute
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— - Update Examples

® Make interest payments by increasing all balances by 5 percent.

account < |1 account_number, branch_name, balance * 1.05 (account)

m Pay all accounts with balances over $10,000 6 percent interest
and pay all others 5 percent

account « [] account_number, branch_name, balance * 1.06 (S BaL > 10000 (account ))

11 account_number, branch_name, balance * 1.05 (GBAL <10000
(account))
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- Example Queries

® Find the names of all customers who have a loan and an account at
bank.

chstomer_name (borrower) N chstomer_name (depositor)

® Find the name of all customers who have a loan at the bank and the
loan amount

chstomer_name, loan_number, amount (borrower [ loan)
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—n Example Queries

- ==

m Find all customers who have an account from at least the “Downtown”
and the Uptown” branches.

e Query 1
Icustomer name (Obranch_name = “Downtown’ (d€POSItOr P<jaccount )) N
chstomer_name (Gbranch_name = “Uptown” (depositor p<jaccount))

e Query 2

chstomer_name, branch_name (depositor [ account)
*+ Pemp(branch_name) {("Downtown”), (“Uptown™)})

Note that Query 2 uses a constant relation.
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Bank Example Queries

®m Find all customers who have an account at all branches located in
Brooklyn city.

chstomer_name, branch_name (depository account)

- 1_[branch_name (Gbranch_city = “Brooklyn” (Branch))
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