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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, Xoy ey Xy > | P (Xq, Xp «ey Xp)}

* Xq, Xo, ..., X,, represent domain variables
#* P represents a formula similar to that of the predicate calculus

CIS 560: Database System Concepts Wednesday, 20 Sep 2006 Computing & Information Sciences
Kansas State University




Example Queries
® Find the loan_number, branch_name, and amount for loans of
over $1200

{<Ib,a>|<I, 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>|3l(<c,|> e borrower A3b (<1, b,a> e loan A
b = “Perryridge™))}
» {<c,a>|3l(<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
Adb,a(<l, b, a> e loan A b ="“Perryridge”))
v da(<c, a> e depositor
A3db,n(<a, b, n>e account A b ="“Perryridge”))}

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

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

Vv X,¥,Z (<X, Y, Z> e branch Ay = “Brooklyn”) =
Jab (<x, Yy, z> e account A < c,a> e depositor)}
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&}Q Safety of Expressions

The expression:
{<Xq, Xgy ooy Xy > | P (Xq, Xo ooy 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 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,).

[
i
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&}@ Recursion in SQL

® Starting with SQL:1999, SQL permits recursive view definition
® E.g. query to find all employee-manager pairs

with recursive empl (emp, mgr) as (
select emp, mgr
from manager
union
select manager.emp, empl.mgr
from manager, empl
where manager.mgr = empl.emp )
select *
from empl

e
|
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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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&ﬁ 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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Query Example

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

#* Approach: for each customer, find the number of branches in
Brooklyn at which they have accounts, and compare with total
number of branches in Brooklyn

#* QBE does not provide subquery functionality, so both above tasks
have to be combined in a single query.

= Can be done for this query, but there are queries that require subqueries
and cannot always be expressed in QBE.

m In the query on the next page

» CNT.UNQ.ALL._ w specifies the number of distinct branches in
Brooklyn. Note: The variable _w is not connected to other variables
in the query

» CNT.UNQ.ALL._z specifies the number of distinct branches in
Brooklyn at which customer x has an account.
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Query Example (Cont.)

depositor | customer_name | account_number |
] PG..x | 2y |

account | account_nimber ] branch_name | balance
v T =

branch | branch_name | branch_city | assets |
7 Brooklyn
- Brooklyn

conditions

CNT.UNQ._z =
CNT.UNQ._.w
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Modification of the Database — Deletion

® Deletion of tuples from a relation is expressed by use of a D.
command. In the case where we delete information in only some
of the columns, null values, specified by —, are inserted.

® Delete customer Smith

customer customer_name customer_steet customer_city
D. Smith

® Delete the branch_city value of the branch whose name is
“Perryridge”.

branch | branch_name | branch_city | assels

Perryridge D.
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Deletion Query Examples

® Delete all loans with a loan amount greater than $1300 and less
than $1500.

* For consistency, we have to delete information from loan and
borrower tables

loan | loan_number | branch_name | amoitnt
D. | Y | | o
borrower ] customer_name ‘ loan_number
D. | | Y
| conditions |
| _x=(=1300 and <1500) |
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Deletion Query Examples (Cont.)

® Delete all accounts at branches located in Brooklyn.

account | account_number | branch_name | balance
D. | y | X |
depositor customer_namne account_numniber
D. -y
branch branch_name branch_city assets
e Brooklyn
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Modification of the Database — Insertion

® |Insertion is done by placing the I. operator in the query

expression.
® Insert the fact that account A-9732 at the Perryridge branch
has a balance of $700.
accournt account_number | branch_name |  balance
I. | A-9732 Perryridge | 700
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Modification of the Database — Insertion (Cont.)

m  Provide as a gift for all loan customers of the Perryridge branch, a new
$200 savings account for every loan account they have, with the loan
number serving as the account number for the new savings account.

account account_number branch_name balance
I. =X Perryridge 200
depositor customer_natie account_number
L -y o
loan | loan_number | branch_name | amount |
| _x | Perryridge |
borrower | customer_naite loan_number
-y e

Computing & Information Sciences
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Modification of the Database — Updates

® Use the U. operator to change a value in a tuple without changing
all values in the tuple. QBE does not allow users to update the
primary key fields.

® Update the asset value of the Perryridge branch to $10,000,000.

branch branch_name branch_city assets
Perryridge U.10000000

® Increase all balances by 5 percent.

account | account_number | branch_name | balance
| | | U._x*1.05
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Microsoft Access QBE

® Microsoft Access supports a variant of QBE called Graphical
Query By Example (GQBE)
® GQBE differs from QBE in the following ways
#* Attributes of relations are listed vertically, one below the other,
instead of horizontally
* [nstead of using variables, lines (links) between attributes are used
to specify that their values should be the same.
= Links are added automatically on the basis of attribute name, and the
user can then add or delete links
= By default, a link specifies an inner join, but can be modified to specify
outer joins.
#* Conditions, values to be printed, as well as group by attributes are all
specified together in a box called the design grid
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n Example Query in Microsoft Access QBE

Example query: Find the customer_name, account_number and balance
for all accounts at the Perryridge branch

}EOKRWMMI“WW

- X
9.0 @Y (I E [N | F
-

B AN i N Al
-~
v
< >
Field: |customer_name account .number balance branch_name 2
Table: |depositor account account account
Sort:
Show: = o) 0
Criteria: “Perryridge”
or: >
< > o
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An Aggregation Query in Access QBE

m  Find the name, street and city of all customers who have more than one

account at the bank

Bﬂamwmwlmwm -5 X
Tr e R R A | = AT -
~
v
< >
Field: |customer_ name customer . street customer _city account _number v | *°
Table: |customer customer cuskomer depaositor
Total: |Group By Group By Group By Count
Sort:
Show: 1
Criteria: =1
or: v
< > o
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Aggregation in Access QBE

® The row labeled Total specifies
#* which attributes are group by attributes

#* which attributes are to be aggregated upon (and the aggregate
function).

* For attributes that are neither group by nor aggregated, we can
still specify conditions by selecting where in the Total row and
listing the conditions below

® Asin SQL, if group by is used, only group by attributes and
aggregate results can be output
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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 )

® [oan (loan_number, branch_name, amount ) T= ‘:j.'s }

@ depositor (customer_name, account_number )

® Dborrower (customer_name, loan_number ) i 4{_“ T r
E:flhajr P'|- | E,, Tiﬁcl w
om 08 | _E{*L{E?(%;% “S | epaa
R Pk fs P’Q‘ LT )

Sa “hlfa Fhﬂ fet Gl

CIS 560: Database System Concepts Wednesday, 20 Sep 2006 Computing & Information Sciences

Kansas State University




Chapter 6: Entity-Relationship Model

Design Process

Modeling

Constraints

E-R Diagram

Design Issues

Weak Entity Sets

Extended E-R Features
Design of the Bank Database
Reduction to Relation Schemas
Database Design

UML
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Modeling

® A database can be modeled as:
* a collection of entities,
* relationship among entities.
@ An entity is an object that exists and is distinguishable from
other objects.
¥ Example: specific person, company, event, plant
® Entities have attributes
#* Example: people have names and addresses
® An entity set is a set of entities of the same type that share the
same properties.
#* Example: set of all persons, companies, trees, holidays
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&}Q Entity Sets customer and loan

customer_id customer_ customer_ customer_ loan_ amount
name street city number

l32‘1—12—3123 Jones l Main ]Harrison l

019283746 [smith | North [Rye | L-23| 2000

| 677-89-0011 [Hayes | Main [Harrison | L-15 | 1500

‘555—55—5555 Jackson I Dupont‘Wuudside‘ L-14 | 1500

| 244-66-8300 [Curry | North |Rye | L-19| 500

| 963-96-3963|Williams| Nassau | Princeton | 900

335-57-7991 |[Adams | Spring |Pittsfield | L-16 | 1300
customer J’L?t?ﬂ' -‘_

Computing & Information Sciences
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&}@ Relationship Sets

® Arelationship is an association among several entities

Example:

Hayes depositor A-102
customer entity relationship set account entity

® Arelationship set is a mathematical relation among n > 2
entities, each taken from entity sets

{(es, e, ...e) e, €eEe,e E, ...,e,e EJ}

where (e, e,, ..., €,) is a relationship
* Example:
(Hayes, A-102) e depositor

Computing & Information Sciences
Kansas State University
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Relationship Set borrower
321-12-3123 ‘]ones ‘ Main ‘Harrison } L-17 | 1000
| 019-28-3746 | Smith | North l Rye |r\ /11 1.-23 | 2000
|
| 677-89-9011 ‘ Hayes l Main lHarrison I \\ ,/ L-15 | 1500
f \
555-55-5555 [ Jackson l Dupont quodside I I.'J(‘,' L-14
L |l|l' \\

244668800 | Curry | North | Rye |/ L9
: 963-96-3963 ‘Williams Nassau ‘ Princeton i/ L-11
335-57-7991 ‘ Adams ‘ Spring ‘Piltsfield ’ L-16 {1300

customer loan =
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Relational Database Design

Features of Good Relational Design

Atomic Domains and First Normal Form
Decomposition Using Functional Dependencies
Functional Dependency Theory

Algorithms for Functional Dependencies
Decomposition Using Multivalued Dependencies
More Normal Form

Database-Design Process

Modeling Temporal Data
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The Banking Schema
branch = (branch_name, branch_city, assets)
customer = (customer_id, customer_name, customer_street, customer_city)
loan = (loan_number, amount)
account = (account_number, balance)
employee = (employee_id. employee_name, telephone_number, start_date)
dependent_name = (employee_id, dname)
account_branch = (account_number, branch_name)
loan_branch = (loan_number, branch_name)
borrower = (customer_id, loan_number)
depositor = (customer_id, account_number)
cust_banker = (customer_id, employee_id, type)
works_for = (worker_employee_id, manager_employee_id)

payment = (loan_number, payment_number, payment_date,
payment_amount)

savings_account = (account_number, interest_rate)
checking_account = (account_number, overdraft_amount) =
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Combine Schemas?

® Suppose we combine borrow and loan to get
bor_loan = (customer_id, loan_number, amount )

® PRealt ic nnecihle reneatitinn nf infarmatian (1 -100 in nyamp|e
L carstomer_id baasi_numther
l{ Toam_sermber | mmownt |

L-100 10000

crshoner_id Ioan_nsimler antganl

L-100 10D0D
L-100 10000
L-100 10000
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A Combined Schema Without Repetition

® Consider combining loan_branch and loan
loan_amt_br = (loan_number, amount, branch_name)
® No repetition (as suggested by example below)

| Joan_mumber | ot | | foame_neomber Friench e |

i

L-100 10000 L-100 Springfield

| Joan_stember | amaent | ranch_name |

L-100 100 Springfield

loan _anif_br
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&}@ What About Smaller Schemas?

® Suppose we had started with bor_loan. How would we know to split up
(decompose) it into borrower and loan?

® \Write a rule “if there were a schema (loan_number, amount), then
loan_number would be a candidate key”

® Denote as a functional dependency:
loan_number — amount

® In bor_loan, because loan_number is not a candidate key, the amount of
a loan may have to be repeated. This indicates the need to decompose
bor_loan.

® Not all decompositions are good. Suppose we decompose employee
into
employeel = (employee_id, employee_name)
employee2 = (employee_name, telephone_number, start_date)

® The next slide shows how we lose information -- we cannot reconstruct
the original employee relation -- and so, this is a lossy decomposition. P
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A Lossv Decomposition

enyployee_id | employee_name |telephone_number| start_date

123-45-6759 | Kim BR2-0000 198441329
987-65-4321 | Kim AR9-9999 1981-01-16
employee
employee_id | employes_nante enplovee_nante |telephone_number| stari_dale
123-45-A789 | Kim Kim BR2-0000 14984-03-29
S87-05-4321 | Kim Kim BAU-9995 1981-01-16

emplover_id | employee_name | belepiwne_ramber] sbart_date

123-45-6789 | Kim

1984-03-2%
Kinn 1981-01-1&
Kim 1984-03-2%
Kimn HRM-ARR 1981-011-18
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First Normal Form

® Domain is atomic if its elements are considered to be indivisible
units
#* Examples of non-atomic domains:
= Set of names, composite attributes
= ldentification numbers like CS101 that can be broken up into parts
® A relational schema R is in first normal form if the domains of all
attributes of R are atomic

® Non-atomic values complicate storage and encourage redundant
(repeated) storage of data

#* Example: Set of accounts stored with each customer, and set of
owners stored with each account

* We assume all relations are in first normal form (and revisit this in
Chapter 9)
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