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ODBC Code

® int ODBCexample()

{
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RETCODE error;

HENV env; /*environment */

HDBC conn; /*database connection */
SQLAIllocEnv(&env);
SQLAIllocConnect(env, &conn);

SQLConnect(conn, "aura.bell-labs.com", SQL_NTS, "avi", SQL_NTS,
"avipasswd", SQL_NTS);
{.... Do actual work ... }

SQLDisconnect(conn);

SQLFreeConnect(conn);
SQLFreeEnv(env);
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JDBC Code
public static void JDBCexample(String dbid, String userid, String passwd)
{
try {
Class.forName ("oracle.jdbc.driver.OracleDriver");
Connection conn = DriverManager.getConnection( "jdbc:oracle:thin:@aura.bell-
labs.com:2000:bankdb", userid, passwd);
Statement stmt = conn.createStatement();
... Do Actual Work ....
stmt.close();
conn.close();
}
catch (SQLException sqle) {
System.out.printin("SQLException : " + sqle);
}
}
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Procedural Extensions and Stored Procedures

® SQL provides a module language
#* Permits definition of procedures in SQL, with if-then-else statements,

for and while loops, etc.
% more in Chapter 9
® Stored Procedures
% Can store procedures in the database
* then execute them using the call statement
* permit external applications to operate on the database without
knowing about internal details
® These features are covered in Chapter 9 (Object Relational

Databases)
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The Power of Recursion

® Recursive views make it possible to write queries, such as

transitive closure queries, that cannot be written without
recursion or iteration.

¥* Intuition: Without recursion, a non-recursive non-iterative program
can perform only a fixed number of joins of manager with itself
= This can give only a fixed number of levels of managers
= Given a program we can construct a database with a greater number of
levels of managers on which the program will not work
#* The next slide shows a manager relation and each step of the
iterative process that constructs empl from its recursive definition.
The final result is called the fixed point of the recursive view

definition.
® Recursive views are required to be monotonic. That s, if we add

tuples to manger the view contains all of the tuples it contained
before, plus possibly more
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Example of Fixed-Point Computation
5 o P
';}" LS
employee_name | manager_nanie o~ - = b | K
Alon Barinsky ¢ R U
Barinsky Estovar F:’ f,’f |.
Corbin Duarte | & ',
Duarte Jones [ 1 |
Estovar Jones [
Jones Klinger I A
Rensal Klinger —
Iteration numiber Tuples in empl

0

1 (Duarte), (Estovar)

2 (Duarte), (Estovar), (Barinsky), (Corbin)

3 (Duarte), (Estovar), (Barinsky), (Corbin), (Alon)

4 (Duarte), (Estovar), (Barinsky), (Corbin), (Alon)
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Chapter 5. Other Relational Languages

Tuple Relational Calculus
Domain Relational Calculus
Query-by-Example (QBE)
Datalog
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Tuple Relational Calculus

® A nonprocedural query language, where each query is of the form
{tIP(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 e r denotes that tuple tis in relation r

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

1. Set of attributes and constants

2. Set of comparison operators: (e.g., <, <, =, #, >, 2)

3. Set of connectives: and (»), or (v), not (—)

4. Implication (=): x = v, if x if true, then y is true o
X=>V=—XVY -j-""i'__';}fi}

5. Set of quantifiers:

» 3t er(Q (t)) ="there exists” a tuple in tin relation r
- such that predicate Q (t) is true

» Vter(Q(t)) =Q is true “for all” tuples t in relation r
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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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Example Queries

® Find the loan_number, branch_name, and amount for loans of
over $1200
{t| t € loan A t [amount ] > 1200}

®m Find the loan number for each loan of an amount greater than $1200
{t| 3 s eloan/(t [loan_number ] = s [loan_number ] A s [amount ] > 1200)}

Notice that a relation on schema [loan_number ] is implicitly defined by
the query
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Example Queries

® Find the names of all customers having a loan, an account, or
both at the bank

{t| 3s e borrower ( t [customer_name ] = s [customer_name ])
v Ju e depositor ( t [customer_name ] = u [customer_name ])

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

{t| 3s e borrower ('t [customer_name ] = s [customer_name ])
A Ju e depositor (t [customer_name ] = u [customer_name] )
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Example Queries

® Find the names of all customers having a loan at the Perryridge
branch

{t| 3¢ € borrower (t [customer_name ] = s [customer_name ]
A llu e loan (u [branch_name ] = “Perryridge”
A U [loan_number ] = s [loan_number ]))}

m Find the! names of all customers whr} havgaleon attha
Perryrifige branch, but no account a'l: any branch of the bank
X o - L™ E=
e e S

{t] El'su;e borrower (t [customer_name ] =s [custom&jrr @FW\ |
A 3u € loan (u [branch_name | = “Perryridge” | 4% ViR
A U[loan_number]=s [Ioan_numﬁg o e F

A hot 3v e depositor (v [customer_name | =
< I A
t [customer_nanfa [af= A (TG

_J-l"'"' Yy
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T Eé@pﬁple Queries _; iun

L |

® Find the names of all customers having a loan from the_ﬁ_ﬁ TR
- H

Perryridge branch, and te ciues in which they live L E )
;:_'_} o e Ry = b |_‘J'i’__ ) '\,:: Toe o
{t|3< e Ioan.{'s [branch_name ] = “Perryridge” Lot T N

A 3u e borrowerffu [loan_number | = s [loan_tamoer
A t[customer name]=u [customer_name}

A dV € customer (U [cUSstumer_laine | —v lbualunl'- Edme |
A t[customer_city ] = v [customer_city ])3}

!
bt 21 EN
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Example Queries

® Find the names of all customers who have an account at all
branches located in Brooklyn:

{t| 3 r e customer (t [customer_nams }!ﬁh‘iﬁ?@'&“\ nz :ﬁe J)% | "i
(VYu eb branch (u [branch city | —"'F rni\'/'""” =

i Tse deposnor (t [custom>r_name ] =s [customer name 1
[

A 3w e account ( wlaccaunt_number ] = s [acc oﬁthqu ﬂ%-ﬁ_.fg‘.ﬂ
A (w [branch_name ] = ur[branch_name D}
e e ee——
e T e o . 1w e
T (DEA)= + (B HC]
\-—.I:_ |: O _ B
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Safety of Expressions

® |tis possible to write tuple calculus expressions that generate
infinite relations.

® For example, {t|—t e 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 v 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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Domain Relational Calculus

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

@ Each query is an expression of the form:

{<Xq, Xgy ooy Xy > | P (Xq, Xo ey Xp)}

* 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 loan_number, branch_name, and amount for loans of
over $1200

{<l,b,a>|<l, b,a> e loan A a> 1200}

m Find the names of all customers who have a loan of over $1200
{<c>|3l,b,a(<c,|> e borrower A<, b,a> e loan A a> 1200)}

®  Find the names of all customers who have a loan from the Perryridge branch
and the loan amount:

» {<c,a>|3Il(<c,|I> e borrower A3b (<, b,a> e loan A
b = “Perryridge”))}
» {<c,a>|3I(<c, > e borrower A <1, “ Perryridge”, a > < loan)}
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Example Queries

® Find the names of all customers having a loan, an account, or
both at the Perryridge branch:

{<ec>|3l(<c,|> e borrower
A3dba(<l, b,a> e loan A b ="“Perryridge”))
v Ja(<c, a> e depositor
A3db,n(<a, b, n>e account A b ="“Perryridge”))}

m Find the names of all customers who have an account at all
branches located in Brooklyn:

{<c>|3s,n(<c, s, n> e customer) A

v X,y,z (<X, Y, Z> e branch A 'y = “Brooklyn”) =
Jab (<x, Yy, z> e account A < c,a> e depositor)}
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Safety of Expressions

The expression:
{<Xq, Xpy evey Xy > | P (Xq, Xp oy X5 )}

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 orin 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
Py such that P,(x ) is true.

3. For every “for all” subformula of the form v, (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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Query-by-Example (QBE)

Basic Structure

Queries on One Relation
Queries on Several Relations
The Condition Box

The Result Relation

Ordering the Display of Tuples
Aggregate Operations
Modification of the Database
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QBE — Basic Structure

® A graphical query language which is based (roughly) on the
domain relational calculus

® Two dimensional syntax — system creates templates of
relations that are requested by users

® Queries are expressed “by example”
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QBE Skeleton Tables for the Bank Example

branch branch-name branch-city assets

customer | customer-name | customer-street |  customer-city |

loan | loan-number | branch-name | amount |
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QBE Skeleton Tables (Cont.)
branch branch—nante branch—city asselfs

custormer customer_name customer_sheet customer_city
loan loan_number branch_name arount

borrotwer cuistomer—nanie Toan_number
acconunt acconnt_mumber branch_name balance
deposilor customer_name accounl_number
!r.'.'_
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Queries on One Relation

. —. -l 1l 1o + 4L D el Lo 1o
loan l loan_number | branch_name | amount
[ P_x | Perryridge |

® X is avariable (optional; can be omitted in above query)

e P. means print (display)
duplicates are removed by default

e To retain duplicates use P.ALL

loan | loan_number [ branch—_name I

amount

| PALL. |  DPerryridge |
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Queries on One Relation (Cont.)

® Display full details of all loans

e Method 1:
loan loan-number branch-nanie arount
P. X P._y P._z
e Method 2: Shorthand notation
| amount

loan | loan_number ] branch_name

P |

|
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&}Q Queries on One Relation (Cont.)

m Find the loan number of all loans with a loan amount of more than $700

loan l loan_number l branch_name [ amount

| P. | | >700

® Find names of all branches that are not located in Brooklyn

branch | branch_name | branch_city | assets
| P | —Brooklyn |
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Queries on One Relation (Cont.)

® Find the loan numbers of all loans made jointly to Smith

and Jones.
borrower ] customer—_name | loan_number
Smith P %
Jones _X

m  Find all customers who live in the same city as Jones

customer

customer—name

customer—_sheet

customer—_city

Pox
Jones

y
-y
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Queries on Several Relations

® Find the names of all customers who have a loan from the

rruridne hranch
loan | loan_number | branch_name [ amount
| S | Perryridge [
borrower | customer—_name ] loan_number
| P._y | %
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&}@ Queries on Several Relations (Cont.)

® Find the names of all customers who have both an account and

a loan at the bank.

depositor | customer—_nanie | account_nimber
| P_x |
borrower | customer—_name | loan_number |
| X | |
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Negation in QBE

® Find the names of all customers who have an account at the
bank, but do not have a loan from the bank.

depositor | customer_name | account_number
| Px |
borrower | customer_name | loan_number |
i X | |

- means “there does not exist”
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Negation in QBE (Cont.)

® Find all customers who have at least two accounts.

(fL’pOSffOl‘ customer_nanmnie account_number
E.x -y
~X — _‘lf

- means “not equal to”
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The Condition Box

® Allows the expression of constraints on domain variables that
are either inconvenient or impossible to express within the
skeleton tables.

® Complex conditions can be used in condition boxes
® Example: Find the loan numbers of all loans made to Smith, to

ry Lt itaiadl
borrower | customer—_name | loan_number
| N | P._x
| conditions |
[ _n=Smithor _n=Jones |
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Condition Box (Cont.)

® QBE supports an interesting syntax for expressing alternative

values

branch | branch_name | branch_city | assets I
T =
| conditions |
| _x = (Brooklyn or Queens) |
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Condition Box (Cont.)

® Find all account numbers with a balance greater than $1,300 and
less than $1,500

account account_nunber branch_name balance
B X
conditions
_x =1300
X = 1500

®  Find all account numbers with a balance greater than $1,300 and less
than $2,000 but not exactly $1,500.

account

I

account_number l

branch_name |

balance

P.

l |

conditions =
_x = (21300 and <2000 and — 1500) =
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Condition Box (Cont.)

® Find all branches that have assets greater than those of at least
one branch located in Brooklyn

branch | branch_name | branch_city | assets
P2 y
Brooklyn -z
| conditions |
e
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