Composition of Operations
® Can build expressions using multiple operations
® Example: g, (rxs)
®m rxs
a a|10| a
a|l|pB|10|a
a|1|B|20|b
a|l|y|10|b
B|l2|a|l0a
B|2|Bl10]a
B|2|B|20|b
Bl2]| yl10lb
B O,c(rxs)
A|lB|C|D|E
ali1|ali0o|a
B|2|B|10]a
B|2|B|l20|b
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_L Rename Operation

Allows us to name, and therefore to refer to, ther  esults of
relational-algebra expressions.

Allows us to refer to a relation by more thanonen  ame.

= Example:
Px (E)
returns the expression  E under the name X
= If arelational-algebra expression  E has arity n, then

pX(Al,AZ,..., An)(E )

returns the result of expression  E under the name X, and with the

osilberschatz, Korth and Sudarshan |

attributes renamedto  A;, A,, ..., A .
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_ # Banking Example

branch (branch_name, branch_city, assets)

customer (customer_name, customer_street, customer_  city)
account (account_number, branch_name, balance)

loan (loan_number, branch_name, amount)

depositor (customer_name, account_number)

borrower (customer_name, loan_number)
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_L Example Queries

= Find all loans of over $1200

Oamount > 1200 (I02N)

® Find the loan number for each loan of an amount gre  ater than
$1200

Mioan_number (Gamount > 1200 (I0AN))
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_L Example Queries

® Find the names of all customers who have a loan, an account, or
both, from the bank

Mecustomer_name (POrrower ) O Meystomer_name  (depositor )

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

Mcustomer_name (POrrOWer ) n Meystomer_name  (depositor )
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_ # Example Queries

= Find the names of all customers who have aloanat  the Perryridge
branch.

ncustomer_name (0branch_name=“Perryridge "

(anorrower.loan_number = loan.loan_number (borrower x loan )))

= Find the names of all customers who have a loan at the Perryridge
branch but do not have an account at any branch of the bank.

ncustomerfname (o-branchfname = “Perryridge”

(Oborrower.loan_number = loan.loan_number ~ (Porrower x loan))) —

Mcustomer_name (depositor)

Database System Conc
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_L Example Queries

= Find the names of all customers who have aloanat  the Perryridge
branch.

Query 1

ncustomer_name (obranch_name=“Perryridge" (

Ohorrower.loan_number = loan.loan_number (borrower x loan)))

Query 2

ncustomer_name (oloan.loan_number = borrower.loan_number

((obranch_name:“Perryridge - (loan)) x borrower))

osilberschatz, Korth and Sudarshan |
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_L Example Queries

= Find the largest account balance
Strategy:
» Find those balances that are not the largest

Rename account relation as d so that we can compare each
account balance with all others

» Use set difference to find those account balancest  hat were not
found in the earlier step.

The query is:

Mbatance (account) - Maccount.balance

(Gaccount.balance < d.balance  (BCcount x gy (account )))
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_ L Formal Definition

® A basic expression in the relational algebra consis ts of either one
of the following:

Arelation in the database
A constant relation

® Let E; and E, be relational-algebra expressions; the following ar e
all relational-algebra expressions:

E,OE,
E,-E,
Ey xEp
a, (Ey), P is a predicate on attributes in -~ Eq

Ms(Eq). S is alist consisting of some of the attributes in E;

Py (Eq), x is the new name for the result of ~ E;

Database System Concej
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‘L Additional Operations

We define additional operations that do not add any power to the
relational algebra, but that simplify common querie S.

Set intersection

L}

= Natural join
= Division

L]

Assignment
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_L Set-Intersection Operation

= Notation: rn s
® Defined as:
B rns={t|tOrandtOs}
B Assume:
r, s have the same arity
attributes of r and s are compatible
m Note:rns=r—(r—s)
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L Set-Intersection Operation — Example

m Relation r, s:

1
2
1

>

m=aQ
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_L Natural -Join Operation

= Notation: r D&
® Letrand s be relations on schemas R and S respectively.
Then r s is arelation on schema R O S obtained as follows:
Consider each pair of tuples  t from r and tg from s.

If t, and tg have the same value on each of the attributesin =~ R n S,
add a tuple t to the result, where

» thas the same value as t . onr
» thas the same value as tg on s
® Example:
R=(A B, C,D)
S=(E, B,D)
Result schema =( A, B, C, D, E)
r Ms is defined as:

MrA rB,rc 1D sE Org=sB Orp=sp ( X 9))
Database System Concepts -5  Ediion, Jure 15, 2005
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_L Natural Join Operation — Example

m Relationsr, s:

OE
all a l1|a|a
B2 a 3la| B
yl|4 b lla)y
all a 2|b|ad
J|2 b 3|b| O
r s
mrixs H
all|alala
all|laja|ly
a|ll|yla|a
all|iylaly
3|2 |B|b|d
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_ # Division Operation

H Notation: r+s
W Suited to queries that include the phrase “for all”
B Let r and s be relations on schemas R and S respectively where
R=(A, ..., A, By ..., B,)
S=(B, ..., By
The result of r +s is a relation on schema
R-S=(Ay ... Ay)
r+s={t | tOMrs()O00uOs(tuOr)}
Where tu means the concatenation of tuples  t and u to produce a
single tuple

Edition, June 15, 2005
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_L Division Operation — Example
B Relations r, s:
a|l
a|?2
a|s3
B|1 s
y|1
J|1
J|3
d| 4
ole
ol
B2
n r
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_L Ancther Division Example
® Relations 1, s:
ala|laja|l
ala|yla|l
ala|y|lb|1
Bla|ylall
Bla|y|b|3
yla|ylal|1l
yla|y|b|1
yla|B|b]|1
r
W r+s:
Mocified by . Suelfor CS308, Polytechic Universi_y. Fal 2005 2a1 ESiberschatz, Korth and Sudarshan

# Division Operation (Cont.)
u Property
Letg=r +s
Then q is the largest relation satisfying qxs Or

m Definition in terms of the basic algebra operation
Let r(R) and s(S) be relations, andlet S OR

r+s=Mr.s (")~ Mrs ((Mrs () xs)-Mrss)

To see why:

MR-s,s (1) simply reorders attributes of  r

MRr-s (MRr-s (") xs) - Mr-s.s(") ) gives those tuples tin
MR-s () such that for some tuple u Os, tu Or.
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_L Assignment Operation

= The assignment operation () provides a convenient way to express
complex queries.

Write query as a sequential program consisting of
» a series of assignments

» followed by an expression whose value is displayed as aresult
of the query.

Assignment must always be made to a temporary relat  ion variable.
® Example: Write r+sas
templ — Mas ()

temp2 « Mg ((templ x's) —Mlrss ()
result =templ —temp2

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

the left of the «.
csiberschat K."-Mmmﬂ-,m

May use variable in subsequent expressions.
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_L Bank Example Queries

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

Meustomer_name  (DOrTOWer ) n Meustomer_name (depositor )
= Find the name of all customers who have aloanatt  he bank and

the loan amount

[Meustomer-name, loan-number, amount (DOrTower X loan)

osilberschatz, Korth and Sudarshan |
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_ L Bank Example Queries

= Find all customers who have an account from atleas  tthe
“Downtown” and the Uptown” branches.

e Query 1
Meustomer_name (Gbranch_name =“Downtown - (depositor - baccount ) n

Meustomer_name (Gbranch_name = “Uptown ~ (depositor - baccount )
® Query 2

ncusiomevﬁname. branch_name (depositor Naccount )
+Remp(branch7name)(«“Dowmown” ). (‘Uptown™ )})

Note that Query 2 uses a constant relation.

Database System Concej
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_L Example Queries

® Find all customers who have an account at all branc  hes located in
Brooklyn city.

ncustomer_name, branch_name (depositor  <account )

+ nbranchiname (o-branchicity = “Brooklyn” (branCh ))
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‘L Extended Relational -Algebra -Operations

® Generalized Projection
= Aggregate Functions
= Outer Join

Note: these operations increase the power of relati  onal algebra!
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_ L Generalized Projection

= Extends the projection operation by allowing arithm etic functions
to be used in the projection list.

Mo oo €)

= E is any relational-algebra expression

® Eachof Fy, Fy, ..., F, are are arithmetic expressions involving
constants and attributes in the schema of  E.

= Given relation credit_info(customer_name, limit, credit_balance),
find how much more each person can spend:

Meustomer_name, limit — credit_balance ~ (Credit_info)
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_L Aggregate Functions and Operations

m  Aggregation function takes a collection of values and returns a single
value as aresult.

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

®m Aggregate operation in relational algebra

G16G2.--Gn LgFl(Aﬂsz(sz ’an(An)(E)

E is any relational-algebra expression
G,, G, ..., G, is alist of attributes on which to group (can be e mpty)

Each F; is an aggregate function
csiberschatz, Korth and _.d-

Each A, is an attribute name
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_L Aggregate Operation — Example

= Relation r:

alal|’7
alB|7
B|B|3
8| 8|10

" Game (r)
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_ # Aggregate Operation — Example

® Relation account grouped by branch-name :

‘ branch_name ‘ account_number ‘ balance ‘
Perryridge A-102 400
Perryridge A-201 900
Brighton A-217 750
Brighton A-215 750
Redwood A-222 700

branch_name 9 sum(balance ) (account )

‘branchﬁname ‘ sum(balance ) ‘

Perryridge 1300
Brighton 1500
Redwood 700
 Editon, June 15, 2005
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_L 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 aggr ~ egate
operation

branch_name 9 sum (balance) as sum_balance (account)

osilberschatz, Korth and Sudarshan |
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_L Outer Join

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

= Computes the join and then adds tuples form one rel  ation 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 exi st
All comparisons involving  null are (roughly speaking) false by
definition.
» We shall study precise meaning of comparisons with nulls
later
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_ # Outer Join — Example

= Relation loan

loan_number ‘branchiname | amount

L-170 Downtown 3000
L-230 Redwood 4000
L-260 Perryridge 1700

= Relation borrower

‘customerﬁname loan_number

Jones L-170
Smith L-230
Hayes L-155
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1L Outer Join — Example

= Inner Join

loan D Borrower

‘ loan_number ‘branchiname ‘ amount ‘customeriname ‘

L-170 Downtown 3000 | Jones
L-230 Redwood 4000 | Smith

u Left Outer Join
loan _]X| Borrower

‘ loan_number ‘branch_name amount ‘cuslomer_name

L-170 Downtown 3000 | Jones
L-230 Redwood 4000 | Smith
L-260 Perryridge 1700 null

osilberschatz, Korth and Sudarshan |
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1L Outer Join — Example

= Right Outer Join
loan XC borrower

‘ loan_number ‘branch_name ‘ amount ‘cuslomer_name

L-170 Downtown 3000 | Jones
L-230 Redwood 4000 | Smith
L-155 null null Hayes

= Full Outer Join
loan IXChorrower

‘ loan_number ‘branch_name ‘ amount ‘cuslomer_name

L-170 Downtown 3000 | Jones
L-230 Redwood 4000 | Smith
L-260 Perryridge 1700 null
L-155 null null Hayes
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g{ Null Values

®m  Comparisons with null values return the special tru th value: unknown

If false was used instead of unknown , then not (A <5)
would not be equivalent to A>=5

m 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
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1L Modification of the Database

= The content of the database may be modified usingt  he
following operations:

Deletion
Insertion
Updating
= All these operations are expressed using the assign ~ ment
operator.
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L Null Values

Itis possible for tuples to have a null value, den  oted 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 i n SQL)

® For duplicate elimination and grouping, null is tre ated like any
other value, and two nulls are assumed to be thes  ame (as in SQL)
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‘L Deletion

m A delete request is expressed similarly to a query, except
instead of displaying tuples to the user, the selec  ted
tuples are removed from the database.

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

m Adeletion is expressed in relational algebra by:
r-r—E
where ris a relation and E is a relational algebra query.
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‘L Deletion Examples

= Delete all account records in the Perryridge branch

account « account — O pranch_name = “Perryridge”  (@ccount )
® Delete all loan records with amount in the range of 0 to 50

loan « 10an — 0 amount 20 and amount <50 (I°0an)
m Delete all accounts at branches located in Needham.

[fo <= obranCh_city:"Needham" (account MXbranch )

PR nbranchﬁname, account_number, balance (r1)
(r, X depositor)
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s < I customer_name, account_number
account « account— r,

depositor « depositor — ry

Database System Concepts -5 Edition, June 15, 2005
Modified by T. Suel for CS308, Polytechnic Universit__y. Fall 2005 2.61

‘L 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
in relational algebra, an insertion is expressed by
rer0E
where ris arelation and E is a relational algebra expression.

The insertion of a single tuple is expressed by let  ting E be a
constant relation containing one tuple.

inserted

Database System Concepts -5 Edition, June 15, 2005
Modified by T. Suel for CS308, Polytechnic Universit__y. Fall 2005 2.62

osilberschatz, Korth and Sudarshan |

_ L Insertion Examples

= Insert information in the database specifying that Smith has

$1200 in account A-973 at the Perryridge branch.
account ~ account O {(“Perryridge”, A-973, 1200)}
depositor « depositor O {(“Smith”, A-973)}

® Provide as a gift for all loan customers in the Per ryridge
branch, a $200 savings account. Let the loan numbe r serve
as the account number for the new savings account.
11« (Gbranch_name = “pemyriager  (DOrrower  xiloan))
account « account O [yanch_name, loan_number.200 (1)
depositor  «— depositor O [Meustomer_name, oan_number (1)
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Updating

® A mechanism to change a value in a tuple without ch
values in the tuple

®  Use the generalized projection operator to do this task

r e Hp,,pz,. ,F,,(r)

= Each F;is either

arging all

the It attribute of r, if the |t 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

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

account « [N account_number , branch_name , balance * 1.05 (&ccount )

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

account « 7 account_number |, branch_name , balance * 1.06 (3 8L >10000 (BCCOUNE )
O M account_number |, branch_name ., batance * 1.05 (TsaL s10000 (ACCOUNE )
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