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From a Discussion in BA group at LinkedIn

“... In many cases the BA becomes the DBA but | think
that is mainly because the DB becomes the skeleton
that drives the entire system. In addition to learning
Relational Databases | would also suggest learning
Modelling tools which will give you a picture of what the
relationships are and how they all fit together. There are
some great modelling tools out there ... *

Alan Radau
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Data Modeling Concepts
Data Modeling Techniques

Using Data Models
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UML and Data Modeling
UNIFIED o

MODELING
LANGUAGE

v UML is de facto standard for software modeling
v UML is complex: 248 metaclasses, 15 diagram types, ...
v 80% of problems can be solved with 20% of UML

v Data modeling capabilities in UML are very mature and
have been widely used in practice
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UML Concepts for Data Modeling

/ A / s
Data Structures Data Relations Data Samples
Class
Association B>
Class InstanceSpecification :
butel Int =0 Directed Association Class
attribute1 : Integer [1] = > : —
attribute2 : String [0..*] attribute? = 1 )
attribute3 : Enumeration attribute attr!buteZ = "Some text
o7 > attribute3 = LITERAL2
«enumeration»
Enumeration
LITERALT Generalization Link
LITERAL2 D
Package __Dependency S
\_ J \_ J \_ J




Class

features®.

» Class provides categorization of objects according to their

*In data modeling, we consider only properties - structural features.

®eno Class - Course
B -0 History : [ H Course [02-Detailed Modeling::MagicU... & ]
& Course ~Course
Documentation/Hyperlinks A B4 B¥
Usage in Diagrams 8 Sl v T | |
Attributes Properties: f Standard :} | "X Customize |
Relations 5
Constraints || Class
|| P Name Course
Base Classifier
Is Leaf [ false
Is Abstract (] false




* Property is a structural feature that may represent an
attribute of a Class or and end of Association.

NG Property - title
B B = = History : ( @ title : String [1] [02-Detailed Modeling::MagicU... &+ )
O ~title : String [1] ~title-
Documentation/Hyperlinks - T
Relations u 2= [ R | |
Constraints Properties: [ Standard :] | "X Customize |
B Property
Name title
|| » Type @ String [UML Standard Profile::UML...
|| Default Value
Multiplicity 1
Is Derived (] false
Is Ordered ] false
Is Unique @ true
Subsetted Property
Redefined Property




Enumeration

 Enumeration is a data type whose potential values are
enumerated as literals.

Enumeration - TestStatus

History : [ (8 TestStatus [02-Detailed Modeling::MagicTest] & }

B TestStatus ~Enumeration Literals

#-E Documentation/Hype . :

Al - B2 B . 0E
—[B| Usage in Diagrams B & n i .
ﬁi Enumeration Literals Name Enumeration
Relations B General
+ DRAFT [8 TestStatus [02-Detailed Modelin... ||
+ COMPLETE B TestStatus [02-Detailed Modelin... ||
+ DEPRECATED (B TestStatus [02-Detailed Modelin... ||
Up Down L O Create J Clone Delete
¢ ) <« »l|
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Instance Specification

 |Instance Specification represents the existing object in a
modeled system as a snapshot in time with slots
representing concrete values for object’s attributes.

SO Instance Specification - Applying UML
B & =  History: [ = Applying UML : Course [02-Detailed Modeling::Ma... | :]
= Applying UML : Course ~Applying UML
Documentation/Hyperlinks - S oo
I{ Usage in Diagrams 8 S o | |
= Slots PropertieS'( Standard "] ’x CustomizeJ
& code = "UML-MD-101"
@ description = "An introduction to UML, | El Instance Specification
@ supervisor = Jim Arlow » [ETEE A plying UML
@ title = "Applying UML with MagicDraw" | | Classifier B Course [02-Detailed Mc
—[&| Relations
[ ]|

Close Back Forward
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Association

« Association specifies a semantic relationship that can
occur between two typed instances.

OV Association - <>
B bc| 2 ¢ =  History : | /' Association[Course - supervisor:Teacher] [02-Deta... 3 |
/" Association[Course - supervisor:Teacher] <>
Et’: Sggg‘m"l‘)"’}gggﬁg’pe”'"ks By = ==t Properties: | Standard % | (% customize |
&2 Roles B Association
—| Conveyed Information » Name e
—EJ Item Flow E Role of Course
Name
Navigable (] false
Owned By /" Association[Course - supervisor:Teacher]...
Multiplicity 0..*
Type E Course [02-Detailed Modeling::MagicUni...
El Role of Teacher (supervisor)
Name supervisor
Navigable @ true
Owned By E Course [02-Detailed Modeling::MagicUni...
Multiplicity 1
Type E Teacher [02-Detailed Modeling::MagicUn...

Q.- Type here to filter properties



Generalization

* Generalization define generalization/specialization

relationships between classes.

 When a class is generalized, certain members of its generalizations are
inherited. An instance of a class is also an (indirect) instance of each of its
generalizations. Any constraints applying to instances of the generalizations
also apply to instances of the class.

8006 Generalization - <>

B abel 3 ¢ = History: [ / Generalization[Teacher - UniversityMember] [02-De... 3}
/¢ Generalization[Teacher - UniversityMember] = <>

Documentation/Hyperlinks o Sy e

t Usage in Diagrams a 2 E

Properties: [ Standard & ] L‘x Customize |

||E Generalization
|| » General {==! UniversityMember [02-. ..

Specific E Teacher [02-Detailed...

( Close ) Back Forward ( Help )



» Package owns other model elements and provides a
namespace for them.

« Packages serve as a means for structuring large models, similar to
folders in a file system.

Mo Package - MagicUniversity

E & n £ & = History: [ £3 MagicUniversity [02-Detailed Modeling] a

£ MagicUniversity ~Inner Elements

Documentation/Hyperlinks i (500 (535
Bz# TR T

Usage in Diagrams

Inner Elements Name Type
Relations Association
Bl Class
Class = Class =)
Course = Class |ED |
|| Student = Class |ED |
|| Teacher = Class =)
UniversityMember {=! Class E2 |

Class Diagram
Comment
Enumeration
Package

[ Create ) Clone Delete




Dependency

* Dependency represents a supplier/client relationship
between model elements where the modification of a
supplier may impact the client model elements.

Dependency - <>

History : ( /" Dependency[MagicTest - MagicUniversity] [02-Det... 5 ]

A Dependency[MaglcTest MagicUniversity] = <>
t. Documentation/Hyperlinks

B2 BY
= -
[ Usage in Diagrams ¥

Properties: | Standard % | | Customize |

||El Dependency

|| » Name
Client 3 MagicTest [02-Detailed Mo...
Supplier £ MagicUniversity [02-Detaile...

( Close ) | Back ) Forward ( Help )

14 i ~Arc‘hi|-uectu|ré’ul ade Slmple‘
o




Data Modeling Techniques

Using Data Models
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Conceptual Data Modeling

f Class <« attends

runs B>

~

is assigned for A

Teacher creates P> Test <« is based on Assessment <« delivers Student
uses Y includes ¥
creates P> Question <« answers to Answer

is relevant for

is an instance of P> Course

v Conceptual modeling focuses on defining terms and their
relations, not so much on precise data properties
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Detailed Data Modeling: Overview (1)

MagicTest MagicUniversity

i=! Answer El Teacher

£ Test = Class

£l Assessment E Course

=] SelectionAsnwer =] Student

= InputAnswer i==! UniversityMember

i=! Question (8 AcademicRole

& AnswerOpton [ — T T = 9’ MagicUniversity Data Structure
El OpenQuestion

= ClosedQuestion

[E TestStatus

E Period

MagicTest Data Structure

v" This small set of UML constructs is sufficient to model data
structures completely and precisely
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Detailed Data Modeling: MagicUniversity (2)

package MagicUniversity [ | ) MagicUniversity Data Structure U

UniversityMember

name : String [1]
email : String [1]
faculty : String [1]

I

Teacher

cv : String [1]

Associate Professor
Professor

«enumeration»
AcademicRole role
le
Assistant 1
Lecturer

1 |description : String [0..1]

Student

supervisor |1

0..”

instructorF

year : Integer [1]

Course

participants | 1..*

]0..* 0.*

—title : String [1]
0. |code : String [1]

description : String [1]

Class

subject
3

prerequisitesj 0.~

start : date [1]
1 0..*|end : date [1]
location : String [1]




Detailed Data Modeling: MagicTest (3)

package MagicTest[ |2 MagicTest Data Structure u

«enumeration» Test Assessment
TestStatus (status author : Teacher [1] test author : Student [1]

DRAFT 1 title : String [1] 1 0..* |started : date [1]
COMPLETE instructions : String [1] ended : date [1]
DEPRECATED allowedTime : Integer [1] /grade : Integer [1]

targetClass : Class [1]

0.* 1
questions | 0..* {ordered} answers |0..* {ordered}
Question Answer

description : String [1] question correct : boolean [1]

subjects : Course [1.."] 1 0..* | registered : date [1]

author : Teacher [1]

AN FAN
I |
OpenQuestion ClosedQuestion SelectionAsnwer InputAnswer
expectedAnswer : String [1] input : String [1]
1 0..x
options | 2..*
AnswerOption
weroe selectedOptions
statement : String [1] -

correct : boolean [1]




Testing Data Models with Data Examples (1)

Applying UML : Course

code = "UML-MD-101"
description = "An introduction
to UML, basic modeling
methodology, and use of
MagicDraw."

supervisor = Jim Arlow

Jim Arlow : Teacher

Darius Silingas : Applying UML (Allen, May 1-3,
Teacher 2013) : Class

end = "May 3, 2013"
instructor = Darius Silingas
location = "Allen, TX"
participants = John Smith,
Raymond Hertz

R d Hert start = "May 1, 2013"
Raymond Hertz : o :
Student subject = Applying UML

John Smith : Student

v Modeling representative data examples validates data
structure design and prepares initial data set up for testing
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Testing Data Models with Data Examples (2)

Applying UML @ UML Basics : Test UML Metaclasses : OpenQuestion
AIIen.cl\;l::\s/szo13 * allowedTime = 10 author = Darius Silingas
I author = Darius Silingas description = "What is the # of metaclasses in UML 27"
questions = UML Metaclasses, UML Acronym expectedAnswer = "248"
status = COMPLETE
targetClass = Applying UML @ Allen, May 2013 UML Acronym : ClosedQuestion

author = Jim Arlow
description = "What does UML stand for?"
options=A,B,C

I
Raymond Hertz : UML Basics by RH : Assessment A : AnswerOption
Student answers = 248, Unified Modeling Language correct = false
author = Raymond Hertz statement = "University of MaryLand"
grade =10
test = UML Basics B : AnswerOption

correct = false
statement = "Universal Modeling Language"

248 : InputAnswer Unified Modeling Language :
SelectionAsnwer

C : AnswerOption

correct = true
statement = "Unified Modeling Language"

correct = true
question = UML Metaclasses correct = true
selectedOptions = C
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Data Model Validation: Correctness and Completeness

Data modeling is an error-prone process

A data model can be either
incorrect (it breaks some modeling rules) or
incomplete (it lacks some required information)

Rules defined in UML specification are automated in MagicDraw

However, a specific modeling method typically implies additional rules
» Restriction to single generalization for classes
= Compulsory role names on navigable association ends
= Each class must be documented with owned comment

MagicDraw enables validating model based on custom validation rules
= Validation rules can be specified on OCL 2.0 or Java
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Valldatlng Data Structure with Data Samples

‘ , Applying UML : Course
1 | code = "UML-MD-101"

| description = "An introduction to UML,
AAAAAA baS|c modellng methodology, and use of

Jim Arlow : Teacher
[ ||supervnsor Jim Arlow, Darius Silingas

Darius Silingas : ﬁ Z | Applying UML @ Allen. May

Teacher i : 1 2013 : Class

| end = "May 3, 2013"
4 , _ | instructor = Darius Silingas
o~ 1|location = "Allen, TX"
' - | participants = John Smith,
| Raymond Hertz
| start = "May 1, 2013"
1 subject = Applying UML

John Smith : Student_

Réymond Heﬂi :
Student

v MagicDraw automatically detects model inconsistency
v Design choice: correct data structure or data example?
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Custom Validation of Model Completeness
)

| N Conceptual ER Analysis X

te: Conceptual ER Validation Suite
R h-2Hemius P rroz|¥Don a2 |5 Concer [

8 : v : ' : ' : : : : : : : : I'v'alldatlon Selection LI
0 : : '....;.....;.__.;....;....;....‘ityzI_j()>=debug ﬂ
= : S : 0.* + Penalty 0.1 assigned for overdue: :
zbc e 0 ... ValidationOptions |
B | PR IR I Cancel | Help I

A N . . . . . . . . . . . X
s - . : B x|
o S |_mak :I siation=name.size() > 0 [Conceptual ER Yalidation Suite] zl
o L e Conceptual association should be named ce ..
5 i 1 : : ‘1 : ciation
ERER. . makes| s l; B2 B Properties:IStandard vlﬁ(CustomizeI
- : 0 Jo : aint
= g Y -
el 0+ 1] 1 0+ tion name.size) > 0
"/ s 03 : Y Y : : : : """ ned Element E4 assaciation [UML Standard Profile:: UM
» ' on Rule
;/ ........................... associatedto-| - - - - - - error
.j 1 * ssage Conceptual association should be named
o Estegory o4 : : : : ition NONAME_ASSOCIATION
= . . . .
e Y | T T
l’ﬂ - 0 *

—I the NamedElement.

ol

has parent W= Forward I Help |

g
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Transforming Data Model to Documents (1)

Using MagicDraw Report Wizard, you can transform your
model into HTML, XML, Microsoft Word, and other formats
nased on customizable report templates

E-f&] Data

Grmoein MagicDraw

—[2 omain Analysis .

B Relations II‘ Re port Wizard
B-E Item
B-E Loan

&)= Notification
(- Request
[ Reservation
& Title

EH[E) Implementation
B@ Requirements

(-7 Relations TEMPLATE
B[ Communications
-- <> Cancel Title Reservation
" < NOtifY about Availability This samgle template will list all dasses from selected
<> Notify about Due Return package. The content of each class consists of class
D Motify about New Titles name, visibility, and its opemtions.
-7 Inventory Management Printelesment
= mml ser Management V6Class
----- % Librarian \VScls. nane

----- % Reader “#foreach (\6cls in

Y$Class)
VScls. name
\Nfend




Transforming Data Model to Documents (2)

» |t iIs recommended to publish model contents on the web
accessible without MagicDraw on a regular basis

mgnheri.. |Diagr.. |Model.. |

Concept

Description

B ==

E)-[E MagicLibrary

#forrow ($class in

$sorter.sort($Class, “name”)) |#endrow
$report.getIiconFor($class)

$report.getComment($class)

J T On'"'-».._»_._A._Properties |

$class.name
Concept Description
E Reader Information about library customer.
E Request Document registering reader's wish to have a

new title in a library.

[ Documentation 5 0r x

E Request Evaluation

Librarian's decision whether to approve or
deny reader's request.

[~ HTML

Document reqgistering reader's wish to have a
new title in a library.

E Title

Information about a book, journal or another
kind of library inventory item. Library may
contain multiple copies of the same title.

» You can start with standard Web Publisher 2.0 template, but
a custom report template typically gives the best output

26
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Using Data Models
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Using Data Objects in Business Processes
CIassStart

- { Give Lecture j

©-

N

() X
Lecturre Time Mid-TeIn Time

D ---------------- { Take Mid-Term Test j --------------------- > m
Mid-term Assessments :

Mid-term Test : Test Assessment

y

4 )
D ---------------- > Take Final Exam [------------moeeoeee > ﬁ
\. J

&

J

Assessment
4 N\
Finalize Student Grades
\ J




Modeling System Context with Information Flows

package Class Context [ Assessing Students Knowledge in Classy
Question, Test,
Test Question
instructor % > Test System o] > Students [*] %
< <
Assessment Assessment,
Teacher, Answer
A Student,
Course,
Class
UniData ]

v System context diagram is often included in project vision
In order to understand solution’s environment
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Designing GUI Based on Data Models

Test

title : String [1]
allowedTime : Integer [1]

0.* test A1
Question: 1/2 l
dered l
{ordered} Remaining time: 5 min.
questions [0..* i
Question I
description : String [1] (€ == =f|t= == == == = . What is the # ?f metaclasses in UML 27?
' l
Enter Your Anfwer
[
Assessment Back | Next Finish
started : date [1] e — == - /

v System analysts often do data modeling via GUI design.
They should rather trace GUI elements to data design!
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Tracing Use of Data Structures

< o
£ _ &
g g
Q “—
El gl ,:
AR
m |
c|3|c|E
HEIEIE
1HHE
x| &|O|=
Q@ la|la
B £33 MagicTest --
B & Test —
o -allowedTime : Integer [1] 4
& -instructions : String (1]
& -questions : Question [0..%) 4
O -title : String [1]
E] Assessment e
i=! Question

v MagicDraw provides data modelers with an easy way to
visualize and edit traces between elements in matrix form

e
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v' UML has mature capabilities for modeling data structures
v A small subset of UML is enough for data modeling

v" Data models should contain both data structure definitions and
representative examples

v Modeling tool should enable data model analysis, including

model validation for correctness and completeness, and
transformation to documents and code

v" There are many ways to utilize data model elements in
modeling various aspects of system architecture
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Questions?
Thank you!




