Data Modeling

Man is a knot, a web, a mesh into which
relationships are tied. Only those
relationships matter

Saint-Exupery



Data modeling

% A technique for modeling data
% A graphical representation of a database

% The goal is to 1identify the facts to be
stored in the database

# Data modeling is a partnership between
the client and analyst




* Entity

* Attribute

* Relationship
% Identifier
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= A well-formed data model
* A high fidelity image
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A well-formed data model

# Construction rules obeyed
% No ambiguity

¢+ All entities, attributes, relationships, and
identifiers are defined

¢+ Names are meaningful to the client




A hlgh fldellty 1mage

# Faithfully describes the world it is
supposed to represent

% Relationships are of the correct degree

% Data model is complete,
understandable, and accurate

»* The data model makes sense to the
client




Quallty 1mprovement

x Is the level of detail correct?
% Are all exceptions handled?
* I's the model accurate?




Pure geography

NATION ADMIN UNIT CITY
*natname < *unitname < *cityname
natpop unittype citypop
natarea unitpop cityarea
unitarea

Can a nation have more than one capital?
Can a city be the capital of more than one state?
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Geography revised

+/ +
ADMIN UNIT-CITY [N
N /

unitcaptype

NATION ADMIN UNIT CITY
_|_

*natname < *unitname < *cityid
unittype cityname
unitpop citypop
unitarea Cityarea

natcaptype
N

National capital




Family matters - take 1

— - —-———-———-——a—-——--——-f-————f-————-f-—— ——-f-— — - — — - —
MAN WOMAN
*manid *womanid
mandob Rt band e womandob
manfname womanfname
manoname womanoname
manlname womanlname

Can we generalize? J
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Famlly matters - take 3

PERSON

*id
dob
fname
oname
Iname
gender

/}\+

MARRIAGE

*begindate
enddate

Y

What about couples who are not
officially married but have cohabited
for an extended period?

4




Famlly matters - take 4

*ﬂu

PERSON
MARRIAGE
*id
dob *marriageno
fname marriagestatus
oname begindate
Iname enddate

gender
+




Famlly matters - take 5

/}\+

PERSON
MARRIAGE
*id :
dob N\ child *marriageno
fname 4 marriagestatus
oname begindate
Iname enddate
gender

Y




Bookish matters - take 1

LIBRARY BOOK BORROWER
*libname < *callno % *borrowerid
ISBN
booktitle
duedate

Should copyno be an
attribute of book?




Bookish matters - take 2

— - —-———-———-——a—-——--——-f-————f-————-f-—— ——-f-— — - — — - —
LIBRARY BOOK COPY BORROWER
*libname < *callno < *bookno > *borrowerid
ISBN duedate
booktitle

This model records
only the current

borrower of a copy
of a book

4




History - take 1

DIVISON DEPARTMENT EMPLOYEE
*divhname & *deptname < *empid

Can an employee
work in multiple
departments?




History - take 2

— e e e — e — e e — — - — — i —
DIVISON DEPARTMENT POSITION EMPLOYEE
+ +
*divhame 4 *deptname 4 *begdate N *empid
N o enddate /
posttitle

How do we keep track of
an employee’s pay
checks?




History - take 3

— e — - — A — e — i — e — i — — e — — - —— -
DIVISON DEPARTMENT POSITION EMPLOYEE
= +
*divhame < *deptname < *begdate > *empid
enddate
posttitle
AN
PAYSLIPLINE PAYSLIP
N
*psino > *paydate
pslamount
psltype

How is an instance of
PAYSLIPLINE
identified?




History - take 4

— e — - — A — e — i — e — i — — e — — - —— -
DIVISON DEPARTMENT POSITION EMPLOYEE
+ +
*divname 4 *deptname 4 *begdate N *empid
N N enddate 2
posttitle
AN
PSLTEXT PAYSLIPLINE PAYSLIP
+
*psltype < *psino > *paydate
pslmessage pslamount




A ménage a trois for entities -
take 1

AIRCRAFT + AIRCRAFT- e AGENT
A AGent D
*aircraftcode N / *agentid
AN AN
AIRLINE- A AIRLINE Sy AGENT-
AIRCRAFT D 4 ARLINE
/ *airlinename N

Where do we store

information about
the lease?




A ménage a trois for entities -
take 2

AIRCRAFT LEASE AGENT
% N
*aircraftcode N startdate [ *agentid
Y+
AIRLINE

*airlinename

part of the composit
primary key?

Why is start date J
e




Planmng and domg take 1

EMPLOYEE _|7 ACTIVITY PROJECT

*empno N\ planned hours / *projectid

N
DAILY WORK

*workdate
actual hours




Planmng and domg take 2

EMPLOYEE ACTIVITY PROJECT

*empno N / *projectid

N
DAILY WORK

*workdate
planned hours
actual hours




Cardmallty

Cardinality | Modality |Meaning

. There can be zero or one instances of
0,1 Optlonal the entity relative to the other entity

o.n There can be zero or many instances
Z of the entity relative to the other
entity
There is exactly one instance of the
1,1 Mandatory y

entity relative to the other entity

The entity must have at least one and
can have many instances relative to
the other entity

1,n




Mlmmallst approach

3% Focus has been on 1dent1fylng the bas1c
cardinality (1:m or m:m?)

* Now add greater precision
¢ There must be 1 instance

» Learn the basics and then add more
detail




Modality

# Also known as optionality

% Cardinality indicates the range of
instances in a relationship

% Modality defines the minimum number
of instances

% Cardinality and modality are linked




Modallty and Cardmahty

Optlonal entlty NATION STOCK
*
Cardlnahty e *nation code *stock code
) nation name O< stock firm
Mand x exchange rate stock price
= andat entit stock quantity
. OI’}./' . y stock dividend
¢ Cardinality is 1 stock PE
® | o ~ | stock ¥
1:m shrcode
) . fi
Cardinality ! nation ¥ o
natcode
""""""" natname H—— 0 shrgty
3 ; hrdi
Modahty exchrate . anp:
¥ natcode
Optional




Modality

——-——-——i-——-——-——-fi-——--f-— —-f-——-f-— — - — — - — — —i— —
SALE A LINEITEM ITEM
*saleno I |< *lineno >Q—|— *itemno
saledate lineqty itemname
saletext lineprice Iitemtype
itemcolor
“| lineitem ¥
v
_|sale ¥ lineno :I ftem -
Can a m—— ineqty temno Can an item
llnel.tem exist saledate ineprice o — — | temname exist
without a = kot < alonc remype without a
sale? ~ ® itomno REECOHr lineitem?
4 ~ - 4




Modality

——-——-——i-——-——-——-fi-——--f-— —-f-——-f-— — - — — - — — —i— —
DEPT department's bossI EMP
O |
*deptname *empno
deptfloor | | O< empfname
deptphone | | empsalary
Is every
| dept ¥ “Jemp v employee a
deptname department’s boss empno department boss?
O — ———— HH
deptfloor empfname
depthone empsalary
R <, deptname Does every
" " department have
a boss?




Modality

— - —-———-———-——a—-——--——-f-————f-————-f-—— ——-f-— — - — — - —
DEPT | EMP employee's
I O<s boss
*deptname *empno [O—
deptfloor e empfname
deptphone empsalar
PP department's P y
boss $
] dept v Jemp v
deptname empno
deptfloo H— — — ———— -0 ., empfname +0—|
r
I .
depthone | department's boss | ~ SmPsaiany | employee's boss
» empno HO— ———_ _ _ ;@ depiname 1 |
» bossno

>
>




Modallty

succession

Q

MONARCH

monarch type
*monarch name
*monarch number
reign begin date

—_| monarch

> monarch type

monarch name

monarch number

-O- reign begin date

> pre monarch name

v

~ pre menarch number

>

HO-

5
I
| succession
I
]

O

Why is it optional for
a monarch to have a
successor?




Modallty

PRODUCT

*prodid
proddesc
prodcost
prodprice

Q

ASSEMBLY

quantity

oduct v
- :_’d ~| assembly ¥
pr .
prodid
proddesc .
dona subprodid
prodcos .
quantity
odori
prodprice >
L=

§

 Optional for a product to have components
« Optional for a product to be a component
 Every assembly must have products




Modallty

Adds addltlonal 1nformat10n to a data
model

# If a relationship is mandatory then add
a constraint
+Could be

« Referential integrity constraint
« Application logic
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Independent

% Often a startlng pomt
* Prominent in the client's mind

# Often related to other independent
entities

NATION STOCK

*stock code
stock firm
stock price

stock quantity
stock dividend
stock PE

*nation code
nation name
exchange rate

YA




Dependent

Rehes on another entlty for 1ts ex1stence
and identification

* Can become independent if given an

arbitrary identifier
REGION CITY
.I_

*regname —{ *cityname
regtype citypop
regpop cityarea
regarea




Associative

3 A by—product of an m:m relatlonshlp
# Typically between independent entities
% Can store current or historical data

* Can become independent if given an
arbitrary identifier

DIVISON DEPARTMENT POSITION EMPLOYEE

*divhame

+ +
*deptname < *begdate > *empid

enddate
posttitle

AN




Aggregate

% Created from several different entities
that have a common prefix or suffix

% Commonly used with addresses or
names




Subordinate

An entlty w1th data that can vary among
instances

SHEEP m sheea v

+ | fleeceweight 40‘4 ::T:q::’: o

ANIMAL —E— 8
*animalid animalid H

animaldob 3 animaldob’ " —pe—

HORSE 404 furlongspeed

furlongspeed animalid
=




Generallzatlon

A relatlonshlp between a more general
element and a more specific element

ANIMAL
*animalid
animaldob
JaN JaN
ST RN
SHEEP HORSE

fleeceweight furlongspeed




Generallzatlon

Map w1th one table for each entlty

% For each of the subtype entities the
primary key is that of the supertype
entity

% You must also make this column a
foreign key so that a subtype cannot be
inserted without the presence of the
matching supertype




UML aggregatlon

3 Aggregatlon 1S a part—whole relatlonshlp
between two entities

Herd % Cow Herd Cow

K>~ —<

consists of




UML shared aggregatlon

3 One entlty OWnS another entity, but
other entities can own that entity as well

Class x * | Student CLASS
k>

members

ENROLLMENT STUDENT

AN
N




UML COmpOS]te aggregatlon

3 One entlty excluswely OWNS the other
entity

Student «| Aptitude Student

o — test

taken

Aptitude
test

N\
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Hints on data modeling

% The model will expand and contract
* Invent identifiers where necessary

* Identifiers should have only one purpose —
identification

% A data model does not imply ordering

% Create an attribute if ordering of instances is
required

% An attribute’s meaning must be consistent




Names and addresses

* The query test
+ If an attribute has parts, are any of the parts ever
likely to appear in a query?

* Have an understanding on representing
names and addresses in a data model

STUDENT ADDRESS ADDRESS LINE
*studentid +, *address type +/ *address rank
< city < address line text
state
post code
nation




Post code

3z A US Zip code 1S CHAR(5) because
leading zeroes are displayed

¢ Boston MA 02201

* Full US zip is CHAR(10)
+30602-6273

% VARCHAR(20) probably covers all
countries




Hints on data modelmg

% Single instance entities are OK
% Select names carefully

% Synonyms—different words have the same meaning
¢ Get clients to settle on a common word or use views

* Homonyms—same word has different meanings
+ Clarify to avoid confusion
* Naming associative entities

¢ Concatenate entity names if there is no obvious real world
name




Hints on data modeling

% Uncover all exceptions
# Label relationships to avoid ambiguity

# Keep the data model well-formed and
accurate




Meamngful ldentlflers

An 1dent1fler 1S meamngful when some
attributes of the entity can be inferred
from the identifier’s value

Advantages Disadvantages

Recognizable and rememberable | Identifier exhaustion

Administrative simplicity Reality changes

Loss of meaningfulness




Recommendation
» Nofhing, hdwevér, is lost and much is gainned.
by using non-meaningful identifiers
* Non-meaningful identifiers serve their sole
purpose well
¢ To uniquely identify an entity

»* Attributes are used to describe the
characteristics of the entity

* A clear distinction between the role of
identifiers and attributes creates fewer data
management problems




The seven habits of highly
effectwe data modelers

* Immerse
% Challenge
% Generalize
= Test

* Limit

* Integrate
% Complete




Key pomts

3 A hlgh fldehty data model handles all
exceptions

% Identifiers need identify only an
Instance

% Data modeling skills take time to
develop




