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A Quick Reminder

One of the key features of a DBMS is use of data
models to support “data independence”

— The conceptual representation is independent of
underlying storage and/or operation implementation
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Outline

1. Model Concepts

2. Model Constraints

3. Data Modification and Constraint Violation
4. Transactions
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The Relational Model

Codd, Edgar F. "A relational model of data for large shared data
banks." Communications of the ACM 13.6 (1970): 377-387.

“Future users of large data banks must be
protected from having to know how the data is
organized in the machine (the internal
representation)... Activities of users at
terminals and most application programs
should remain unaffected when the internal
representation of data is changed and even
when some aspects of the external
representation are changed...”

The Relational Data Model
9, 201

Information Retrieval

Derbinsky

P. BAXENDALE, Editor

A Relational Model of Data for
Large Shared Data Banks
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Future sers of large deta bonks must be protecied from
hoving 10 know how the data s organized in the mochine (e
intemal represenition]. A prompting service wich supplies
soch information s not @ saisfactory soluion. Acivies o users
ot teminals and mos applcation programs should remein
unafiected when the infemal represertation of data s changed
and even when some cspecis of the extemal represenfation
are changed. Changes in dato representation will often be
needed cs o resit of changes in query, update, and report
troffic and natural growth in he types of stored infomation.

Existing noninferentia, formatted dato systems provide users
Wih tree-suchred fies or slightly more general network
modsis of he dota. In Secion 1, inadequacies of hese models
are dicussed. A model based on n-ary relations, o nomal
fom for dala base relations, and the concep of  wiversal
deta sublanguage are infroduced. In Secion 2, cerlan opero-
tions on relatons (other thon logical inerence) are discussed
nd applied fo the problems of redundancy end consistency
in the uzer's model.
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L. Relational Model and Normal Form

11 Intnovuerion

This paper is concerned with the application of cle-
‘mentary relation theory to systems which provide shared
acoess to large banks of formatted data. Except for a paper
by Childs (1], the principal application of relations to data.

Levein and M i towork.

The relational view (or model) of data deseribed in
Seetion 1 appears t0 be superior in several respects to the
graph or netwwork model [3, 4] presently in vogue for non-
inferential systems. Tt provides a means of describing data.
with its natural structure only—that is, without superim-

data language which will yield maximal independence be-
txween programs op. the one hand and machine representa-
tion and organisation of data on the other.

A further advantage of the relational view is that it
forms a sound basis for treating derivability, redundancy,
and consistency of relations—these are
2. The network model, on the other hand,

the derivation of connections for the do
tions (seo remarks in Section 2 on the “connection trap”).
Finally, the relational view permits a clearer evalustion
of the scope and logieal limitations of present for
data systems, and aleo the reltive merits (from o
standpoint) of competing representations of data wi
singlo system. Examples of this clearer perspective are
cited in various parts of this paper. Implementations of
systems to support the relational model are not discussed

12, Dara Depespencies v Preseve Sysmos

‘The provision of data description tables in recently de-
veloped information systems represents a major advance
toward the goal of data independence [5, 6, 7]. Such tables

sentation stored in  data bank. However, the varicty of
data representation characteristics which can be changed
without logically impairing some application programs i
still quite lmited. Further, the model of data. with which
usors interact is still luttered with representational prop-
ertis, particularly in rogard to the representation of col-
Tections of data. (as opposed to individusl items). Three of
the principal kinds of data dependencies which still neod
to be removed are: ordering dependence, indexing depend-
ence, and nccess path dependence. In some systems thse
dependencies are not clearly separable from one another

121, Ordering Dependence. Elements of dats in 5
data bank may be stored in & variety of- nvolv-
ing no concern for ordering, some permitting each element
to participate in one ordering only, others permittin
element to participate in several orderings. Let us consider

in this area.

Tn contrast, the problems treated here are those of data
ind —the independence of application programs
and terminal activities from growth in data types and
changes in data representation—and certain kinds of data

wcy which are expested to become troublesome
even in nondeductive systems.

Volume 13 / Nurber 6 / Jue, 1970

th which cither require or permit data.
elements to be stored in at least one total ordering which is
closely associated with the hardware-determined ordering
of addresses, For example, the records of @ file concerning
parts might be stored in ascending order by part serial
number. Such systems normally permit spplication pro-
grams to assume that the order of presentation of records
from such a file is identical to (or is & subordering of) the

Communications of the ACM 377
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Motivation

* A formal mathematical basis for databases
— Set theory and first-order predicate logic
— Allows scientists to advance theoretically

A foundation for efficient and usable database
management systems

— Allows companies/developers to advance end-
user products

* Note: some aspects of the model are not
adhered to by modern RDBMSs

“J) The Relational Data Model
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Relational Database

A database consists of... _
. . Pop Quiz:
I. aset of relations (tables) What is a set?
i. a set of integrity constraints

A database is in a valid state If it satisfies all
integrity constraints (else invalid state)

STy
o

739 The Relational Data Model
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A Relation

A relation consists of...
I. Its schema, describing structure
i. Iits state, or current populated data

STUDENT
Schema —<
B e sy | prone | s | e |
B Ben Bayer 305-61-2435 555-1234 1 Foo Lane 19 3.21
State —< Chung-cha Kim 422-11-2320 555-9876 2 Bar Court 25 3.53
Barbara Benson 533-69-1238 555-6758 3 Baz Blvd 19 3.25

The Relational Data Model

January 9, 2018 7
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Relational Schema

 Relation name
STUDENT

* Ordered list of n attributes (columns; degree n or n-ary)
Each with a corresponding domain (set of valid atomic values)
— dom(SSN) = “H##H#t- -4
— dom(GPA) = [0, 4]

« Notation: NAME(A,, A,, ... A))
STUDENT(Name, SSN, Phone, Address, Age, GPA)

What is the degree
of STUDENT?
STUDENT
| vame | ssv | phone | duress | Age | GPA_

3 The Relational Data Model

2
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Relation State

* A set of n-tuples (rows)

— Each has a value in the domain of every
corresponding attribute (or NULL)

— Notation: (NAME)

« Mathematically, a subset of the Cartesian product
of the attribute domains; related to the closed-

world assumption
r(STUDENT) C (dom(Name) X dom(SSN) x ...dom(GPA))

Ben Bayer 305-61-2435 555-1234 1 Foo Lane 19 3.21
Chung-cha Kim 422-11-2320 555-9876 2 Bar Court 25 3.53
Barbara Benson 533-69-1238 555-6758 3 Baz Blvd 19 3.25

[-¥9 The Relational Data Model
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Exercise

Diagrammatically produce a relation HAT according
to the following schema; the relation state should
have at least three tuples

HAT(Team, Size, Color)

° dom(Team) = { RedSox, Bruins, Celtics, Patriots,
Revolution }

« dom(Size)={s, m, L, xL}

° dom(CoIor) = { Black, Blue, White, Red, Green,
Yellow}

How many tuples are possible in this relation?

&) The Relational Data Model

January 9, 2018 10
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Answer

HAT
*ream | s | color
RedSox M Red
Revolution S White

Bruins XL Yellow

l[dom (T eam)| x |dom(Size)| x |dom(Color)]
Hx4x6
120

| The Relational Data Model
January 9, 2018 11
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Tuples: Theory vs. Implementation

* Relation state is formally defined as a set of
tuples, implying...
— No inherent order
— No duplicates

* |In real database systems, the rows on disk will
have an ordering, but the relation definition sets
no preference as to this ordering

— We will discuss later in physical design how to
establish an ordering to improve query efficiency

« Additionally, real database systems implement a
bag of tuples, allowing duplicate rows

@7 The Relational Data Model

Nt

January 9, 2018 12



Northeastern University

T CAN'T BELIEVE SCHOOLS

ARE STiLL TEACHING KIDS

ABOUT THE NULL HYROTHESIS.,
l

T REMEMRER READING A BIG

STUDY THAT CONCLVSIVELY

DISPROVED IT JEARS AGO.

gl

(.27 The Relational Data Model
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NULL

NULL is a special value
that may be in the
attribute domain

Several possible
meanings

— E.g. unknown, not
available, does not
apply, undefined, ...

Best to avoid
— Else deal with caution
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Value Structure in Tuples

* Each value should be atomic — no
composite or multi-valued attributes

— Composite: “one column, many parts”
— Multi-valued: “one column, multiple values”

« Convention called 1NF (first normal form)
— More on this later in the course

“J) The Relational Data Model

N
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Violation of TNF: Composite

DORM

305-61-2435 555 Huntington 1

VS.
422-11-2320 Baker 2

533-69-1238 555 Huntington 3

t The Relational Data Model

January 9, 2018 1)
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Violation of 1NF: Multi-Valued

COMP355,
MATH 650

422-11-2320 COMP355,
BIOL110

533-69-1238

t The Relational Data Model

January 9, 2018

VS.

CLASS

305-61-2435
422-11-2320
533-69-1238
305-61-2435
422-11-2320

COMP355
COMP355
MATH650
MATH650
BIOL110

Derbinsky
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Model Constraints

Categories of restrictions on data in a
relational database

1. Inherent in the data model (implicit)

B) 2. Schema-based (explicit)
3. Application-based (or triggers/assertions)

4. Data dependencies
Relates to “goodness” of database design;
we will revisit in normalization

g“i The Relational Data Model
January 9, 2018 17
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Schema-Based Constraints

Can be directly expressed in schemas of
the data model, typically by specifying them
in the DDL (Data Definition Language)

 Domain

* Key

* Entity integrity

* Referential integrity

W3 The Relational Data Model
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Domain Constraints

Within each tuple, the value of each attribute A

must be an atomic value from the domain
dom(A)

Schema must dictate whether or not a NULL
value is allowed for each attribute

?
NULL € dom(A)

More later on standard data types in SQL

“J) The Relational Data Model

January 9, 2018 19
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Key Constraints

A key is a set of attribute(s) satisfying two properties:

1. Two distinct tuples in any state of the relation cannot

have identical values for all the attributes of the key
(superkey)

2. No attribute can be removed from the key and still have
#1 hold (minimal superkey)

A relation may have multiple keys (each is a candidate
key). Relations commonly have a primary key
(underlined, PK; typically small number of attributes,
used to identify tuples), and may also have some
number of additional unique key(s).

-9 The Relational Data Model

&y
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Exercise
Is the following a valid state of DOCTOR?

DOCTOR

“Number | First | Last
1 William Hartnell 9 Christopher Eccleston
2 Patrick Troughton 10 David Tennant
3 Jon Pertwee 11 Matt Smith
4 Tom Baker 12 Peter Capaldi
5 Peter Davison 13 Jodie Whittaker
6 Colin Baker
7 Sylvester McCoy
8 Paul McGann

The Relational Data Model
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Answer
s the following a@aidstate of DOCTOR?

DOCTOR
“Number | First | Last
1 William Hartnell 9 Christopher Eccleston
2 Patrick Troughton 10 David Tennant
3 Jon Pertwee 11 Matt Smith
4 Tom Baker 12 Capaldi
5 Peter Davison 13 Jodie Whittaker
6 Colin Baker . ]
Underline = primary key
7 Sylvester McCoy Req #1: Two distinct tuples cannot have
8 Paul McGann identical values for all the attributes of the

key — NOT TRUE!

The Relational Data Model

January 9, 2018 22
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Exercise

List all candidate key(s) for the current state of
DOCTOR.

DOCTOR

“Number | First | Last
1 William Hartnell 9 Christopher Eccleston
2 Patrick Troughton 10 David Tennant
3 Jon Pertwee 11 Matt Smith
4 Tom Baker 12 Peter Capaldi
5 Peter Davison 13 Jodie Whittaker
6 Colin Baker
7 Sylvester McCoy
8 Paul McGann

The Relational Data Model

January 9, 2018 23
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Answer

List all candidate key(s) for the current state of
DOCTOR.

DOCTOR

“Numbor | First | Last
1 William Hartnell 9 Christopher Eccleston
2 Patrick Troughton 10 David Tennant
3 Jon Pertwee 11 Matt Smith
4 Tom Baker 12 Peter Capaldi
5 Peter Davison 13 Jodie Whittaker
° Colin Baker  Candidate Key #1: { Number )
7 Sylvester McCoy Candidate Key #2: { First, Last }
8 Paul McGann

Why not { Last }, { Number, Last }?

The Relational Data Model

January 9, 2018 24
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Entity Integrity

In a tuple, no attribute that is part of the PK
can be NULL

Basic justification: if PK is used to identify a
tuple, then none of its component parts can
be left unknown

“J) The Relational Data Model

N
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Exercise

List all candidate key(s) for the current state of
DOCTOR.

DOCTOR

“Number | Fist | Last
1 William Hartnell 9 Christopher Eccleston
2 Patrick Troughton 10 David Tennant
3 Jon Pertwee 11 Matt Smith
4 Tom Baker 12 Peter Capaldi
5 Peter Davison 13 Jodie Whittaker
6 Colin Baker 14 NULL NULL
7 Sylvester McCoy
8 Paul McGann

The Relational Data Model

January 9, 2018 26
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Answer

List all candidate key(s) for the current state of
DOCTOR.

DOCTOR

“Number | Fist | Last
1 William Hartnell 9 Christopher Eccleston
2 Patrick Troughton 10 David Tennant
3 Jon Pertwee 11 Matt Smith
4 Tom Baker 12 Peter Capaldi
5 Peter Davison 13 Jodie Whittaker
6 Colin Baker 14 NULL NULL
7 Sylvester McCoy PK = { Number }
8 Paul McGann

The Relational Data Model

January 9, 2018 27
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Referential Integrity

All tuples in relation R1 must reference an existing
tuple in relation R2 (R1 may be the same as R2)

A foreign key (FK) in R1 references R2 iff...

* The attribute(s) in FK have the same domain(s) as
the primary key attribute(s) PK of R2

« Avalue of FK in a tuple t1 either is NULL or
occurs as a value of PK for some tuple t2
(t1 refers to t2)

R1 R2
_BK1_| Stufia | FK__ P2 | Things
ﬁ The Relational Data Model

January 9, 2018 28
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Example

STUDENT

“Name |~ SsN | phone | Adress | Age | GPA
|

Tf

DORM STUDENTOFTHEYEAR

CLASS

The Relational Data Model

January 9, 2018 29
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Exercise
| tame | ssn | Phone | Address | Age | Goa | Brr_

STUDENT

e —

DORM STUDENTOFTHEYEAR
T | Year | SN
CLASS

| SN | Cass |

Given the above relational schema, for which
attribute(s) that refer to STUDENT(SSN), if any,
is it permissible to have a value of NULL?

() The Relational Data Model

o

January 9, 2018 30
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Answer
| Name | SN | Phone | Address | Age | GPA | BFF

STUDENT

=

DORM STUDENTOFTHEYEAR

| sn [ oom ter [N
CLASS

| ssv | e

Given the above relational schema, for which
attribute(s) that refer to STUDENT(SSN), if any,
is it permissible to have a value of NULL?

Z)) The Relational Data Model

2
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Chinook

MediaType

Cq

MediaTypeld

Name

The Relational Data Model

Artist Album Track
Artistld (—‘ Albumlid —>» Trackld
Name Title (—I Name
Artistid Albumlid
MediaTypeld
Genreld
Composer
Playlist PlaylistTrack Milliseconds
Playlistid «&— Playlistld Bytes
Name Trackld UnitPrice
Invoiceline
Employee Invoicelineld
Employeeld €— Invoiceld
LastName Customer Trackld
FirstName Customerld UnitPrice
Title FirstName Quantity
ReportsTo LastName
BirthDate Company Invoice
HireDate Address —> Invoiceld
Address City Customerld
City State InvoiceDate
State Country BillingAddress
Country PostalCode BillingCity
PostalCode Phone BillingState
Phone Fax BillingCountry
Fax Email BillingPostalCode
Email SupportRepld Total

Genre

>

Genreld

Name

Derbinsky
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Data Modification Operations

The DML (Data Manipulation Language) affords us the
following methods of modifying database state:

* Insert. Add a new tuple to a relation
 Delete. Remove a tuple from a relation

« Update. Change one or more attribute value(s) for a
tuple within a relation

We now examine how these operations can violate
various types of constraints and the resulting actions
that can be taken

“J) The Relational Data Model

N
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Insert

Domain

* An attribute value does not appear in the corresponding domain
(including NULL)

Key
A key value already exists in another tuple

Entity Integrity
* Any part of the primary key is NULL

Referential Integrity

« Any value of any foreign key refers to a tuple that does not exist in
the referenced relation

Typical action: reject insertion

(=Y The Relational Data Model
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Delete

Referential Integrity

* Tuple being deleted is referenced by
foreign keys from other tuples

Possible actions
* Reject deletion
» Cascade (propagate deletion)

« Set default/NULL referencing attribute
values (careful with primary key)

{3 The Relational Data Model

Januar y 9, 2018

Derbinsky
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Update

* |f modifying neither part of primary key nor foreign
key, need only check...

— Domain

* Modifying primary key...
— Like Delete then Insert

* Modifying foreign key...
— Like Insert

Actions typically similar to Delete with separate
options.

“J) The Relational Data Model
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Transactions

A transaction is a sequence of database
operations, including retrieval and update(s)

START

Read or write
Read or write
Read or write

COMMIT or ROLLBACK

“J) The Relational Data Model

N
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Desirable Properties of Transactions

tomicity. A transaction is an atomic unit of processing; it should either
be performed in its entirety or not performed at all.

onsistency. A transaction should be consistency preserving, meaning
that if it is completely executed from beginning to end without

interference from other transactions, it should take the database from
one consistent state to another.

I solation. A transaction should appear as though it is being executed in

isolation from other transactions, even though many transactions are
executing concurrently. That is, the execution of a transaction should not
be interfered with by any other transactions executing concurrently.

urability. The changes applied to the database by a committed
transaction must persist in the database. These changes must not be
lost because of any failure.

The Relational Data Model

January 9, 2018 38
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Exercise

1. For a balanced budget, incoming funds must always equal
outgoing payments at the end of the year

Consistency

2. With a RAID 5 setup, a server can survive the loss of any
single hard drive by combining data on the remaining disks

Durability

3. If there is an error in printing a picture at the photo booth,
the customer should be refunded

Atomicity

4. Do not publish results while the jury is out
Isolation

The Relational Data Model
January 9, 2018 39
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o

Summary

The relational model dictates that a relational database consists of
(i) a set of relations and (ii) a set of integrity constraints

— All constraints met => database in a valid state

A relation is composed of its schema (name; list of n attributes,
each with its domain) and its state/data (set of n-tuples)

Schema (or explicit) constraints, specified via DDL, include
domain, key, entity integrity, and referential integrity

— Data manipulation operations (insert, update, delete; via DML) can run
awry of these constraints

A transaction is a sequence of operations and ACID-compliant
RDBMSs implement “proper” transaction processing

— Atomicity, Consistency, Isolation, Durability

) The Relational Data Model
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