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From Requirements to Design |

Design process (abstract)

1 Choose a set of user stories to implement
2 Select the user story with the highest priority
a Design the system by executing the user story in your head
— e.g. use CRC cards for this
b Extend an existing class diagram with classes, attributes,
and methods + Sequtu (e che ‘r\(‘ﬂw
c Create acceptance tests
d Implement the user story test-driven, creating tests as
necessary and guided by your design
3 Repeat step 2 with the user story with the next highest
priority


Hubert


From Requirements to Design Il

Model first

1 Choose a set of user stories to model

— Select those thathe architecture of the system

2 Select the user story with the highest priority

a Design the system by executing the user story in your head

— e.g. use CRC cards for this
b Extend the existing class diagram with classes, attributes,
and methods + Sequeuce dacpvaims
3 Repeat step 2 with the user story with the next highest
priority
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From Requirements to Design Il (cont.)

Implement the model

1 Choose a set of Gser stories to impIemeEt
2 Select the user story with the highest priority

c Create acceptance tests
d Implement the user story test-driven, creating additional
tests as necessary and guided by your design
— based on the classes, attributes and methods of the model

3 Repeat step 2 with the user story with the next highest
priority
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Introduction CRC Cards

v

Class Responsibility Collaboration
Developed in the 80’s

Used to

» Analyse a problem domain
» Discover object-oriented design
» Teach object-oriented design

Object-oriented design:

» Objects have state and behaviour
» Objects delegate responsibilities
» "Think objects”

v

v

v



CRC Card Template

class name

responsibility » collaboration
= 5 =
1 Order o
qC'm.lt if items in stock ( Order m
Determine price \\Cummur J
Check for valid payment

Pispatch to delivery address

A larger example
» http://c2.com/doc/crc/draw.html


http://c2.com/doc/crc/draw.html
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Process

» Basic: Simulate the execution of use case scenarios / user
stories
» Steps
1. Brainstorm classes/objects/components
2. Assign classes/objects/components to persons (group up to

6 people)
4. Execute the scenarios one by one
a) add new classes/objects/components as needed
b) add new responsibilities
c) delegate to other classes / persons
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Library Example: Use Case Diagram

User

LibrarySystem

check out boo

return book

search for boo

it
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Library Example: Detailed Use Case Check Out Book

Name: Check Out Book
Description: The user checks out a book from the library

Actor: User
Main scenario:
1 A user presents a book for check-out at the check-out
counter
2 The system registers the loan
Alternative scenarios:
» The user already has 5 books borrowed
2a The system denies the loan
» The user has one overdue book
2b The system denies the loan

v

v

v

v

v



Example Il

» Set of initial CRC cards: Librarien, Borrower, Book
» Use case Check out book main scenario (user story)

» "What happens when Barbara Stewart, who has no
accrued fines and one outstanding book, not overdue,
checks out a book entitled Effective C++ Strategies+?”
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Library Example: CRC cards

LIBRARIAN

(ClH&Cle OuT  Boolk




Library Example: CRC cards

LIBRARIAN

ClH&Cle OUT Book BoReoweELR




Library Example: CRC cards

RoRRoOwWER
AWV Bogreow




Library Example: CRC cards

RORRoOWER

AWV Bogreow
KAOL SET OF Books




Library Example: CRC cards

RORRoOWER

AWV Bogreow
KANOL SET OF BooksS
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Library Example: CRC cards
“faok

knoov |F OWERPUCS




Library Example: CRC cards
“faok

koL [ OWER PUS

KoL DUE DA c




Library Example: CRC cards
“faok

koL [ OWER PUS

“DATE

Kpow Buc DATE




Library Example: CRC cards
DATE

(onPARE DATTCS




Library Example: CRC cards
DATE

i

(onPARE DATCS

L/
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Library Example: CRC cards

LIBRARIAN

ClH&Cle OUT Book BoReoweELR




Library Example: CRC cards
“faok

know [ OWER PUS

Kpow DUue DATE
CHéck ouq

DATE




Library Example: CRC cards
“faok

knoou  |F oVER PUCS DATE

Kpow) DUE DATE
CHECcL oui
CALCULATE DUc DATE




Library Example: CRC cards
“faok

knoou  |F oVER PUCS DATE

Kpow DUE DATE
CHECcL oui
CALCULATE DUc HATE

Ko ROREOWER




Library Example: CRC cards

“fook

kpoL  IF OWER PUCS DATE
KoL DUE DATE BoReoWER.
CHéc. oul

CALCULATE DUc DATE
Ko RORROWER




Library Example: All CRC cards

LIBRARIANM Book 2
CH&le ouT “Book Boreower KoL [F OER PUE | oaTE
e Kpow DUE DATE r BoReowse.
CHEcl oui l
CALCULATE "DUE DATE |
Koo “popeowE R \‘)
DATE = =
> RORROWER
(oHPARE DATES DATE —_— - .

AW Bogceo
KAOL SET OF BoOkS




Process: Next Steps

» Review the result 4—"]
» Group cards U,.M‘ OI/L_”.
» Check cards f “'J :
» Refactor WSey Stonen
» Transfer the result

» Implement the design test-driven
» UML model
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Example: Class Diagram (so far)

P Y
K@rarieb Borrower 4~ Book

=
checkOutBook(b:Book) canBorrow ‘_9;1 - | isOverdue
checkOut(b:Borrower)

[ 3

‘.\" calculateDueDate

Date

dueDate
—_—

compare(d:Date) (E
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Example: Sequence Diagram for Check-out book

Check Out Book Realization

( e )  [abode | [phomoser] [ ook | [ dato

[]_check out book ,[ |
—_——

-

! |
} D calculate due date
—_—
(72— |
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Alternative

» Build class and sequence diagrams directly
» Danger: talk about the system instead of being part of the

system
» Possible when object-oriented principles have been learned

» CRC cards help with object-oriented thinking
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UML

v

Unified Modelling Language (UML)

Set of graphical notations: class diagrams, state machines,
sequence diagrams, activity diagrams, ...

v

v

Developed in the 90’s
ISO standard

v



Class Diagram

» Structure diagram of object oriented systems
» Possible level of details

Domain Modelling : typically low level of detail

Implementation : typically high level of detail
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Why a graphical notation?

public class Assembly
extends Component {

public double cost () { }

public void add(Component c) {}

private Collection<Component> public abstract class Component {
components; public abstract double cost();

} }

public class CatalogueEntry { public class Part extends Component

private String name = ""; private CatalogueEntry entry;

public String getName () {} public CatalogueEntry getEntry() {}

private long number; public double cost () {}

public long getNumber () {} public Part (CatalogueEntry entry) {}

private double cost;
public double getCost () {}
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Why a graphical notation?

@« Component - components
*
OA cost(

© CatalogueEntry
9, cost: double | G ‘
9, name: String © Part Assembly

- entry
9, number: long
c 0.1 & Part() @ add) /
@ CatalogueEntry() ® cost) @ cost
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Class Diagram Example

dd SSen Wnauae t‘l 12
aALSOCGchH

/ \ T e,

@ *@\u (Book )

~—

signature - | title

0..
isoverdue_— ¥ author A H-‘:.":\J“
publisher
edition

.
8,2\/\.?\/‘0-(1:}“’*{\\9.“

mdh’{.&b.l.l

assecia oL,

.]V\L\l\/\.LO\A (a_ CH)QVCk\dA
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General correspondence between Classes and
Programs

Klassens navr

lasseNavn
(= ;. _String = "abc”

-navn2: int éttributter )
#navn3: bool ean

-fl(al:int,a2:String []): float

+f 2(x1: String, x2: bool ean): voi ( Operationer ’

#f 3(a: double): String

‘navn3’ og 'f1’ er statiske starrelser b"‘ ‘l""’ef
publi a@ ov e
{

|Erivaté|5tring navnl = "abc"; O.H\,-./Al_,l(

private int navn2;
protected static boolean navn3;

private static float fl(int al, Stringl[] a2) { ... }
public vofd—f2 (String x1, boolean x2) { ... }
protected String f3(double a) { ... }

public String getNavnl(); {...}

public void setNavnl (String n) {...}
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Class Diagram and Program Code

public class C {

private int a;

public int getA() { return a; }

public void setA(int a) { this.a = a; }
}



Class Diagram and Program Code

public class C {

private int a;

public int getA() { return a; }

public void setA(int a) { this.a = a; }
}

AN /

c ~ C

-a: i t>< -
SekeT] [T o mE
g

LAgetA(): int
s \
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Classes

Classes corresponds to one concept
Person /
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Generalization / Inheritance

» Programming languages like Java: Inheritance

abstract public class Medium { ... }
public class Book extends Medium { ... }
public class Cd extends Medium { ... }

» UML: Generalization / Specialization

{abstract} fine and maxBorrowInDays
Medium are abstract in Medium and
String signature defined differently in Book and Cd.
String title For Book we have 20 DKK and 28 days,
String author while for CD we have 40 DKK fine
Calendar borrowDate and max days for borrowing is 7.
Medium(String.String. String
int fine
int maxBorrowinDays
boolean isOverdue
boolean isBorrowed

i

Book Cd
int fine int fine
int maxBorrowlnDays int maxBorrowInDays




eneralisation Example

{abstract}
Medium

String signature
String title

String author
Calendar borrowDate

fine and maxBorrowInDays

are abstract in Medium and

defined differently in Book and Cd.
For Book we have 20 DKK and 28 days,
while for CD we have 40 DKK fine

and max days for borrowing is 7.

Medium(String.String.String)
int fine

int maxBorrowInDays
boolean isOverdue

boolean jsBowowed

(T

Book

int fine
int maxBorrowlnDays

Book(String.String.String;

Ccd

int fine

Liskov-Wing Substitution Principle

Cd(String. String.String.

int maxBorrowlnDays

”If S is a subtype of T, then objects of type T in a program
may be replaced with objects of type S without altering any
of the desirable properties of that program (e.g.,

correctness).”
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Appletree

Tree

Apple tree
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Associations between classes

» Unidirectional (association can be navigated in one
direction)

works forp»
Person . Jemployee 0.1 Company

— V""’? hawe

. mﬁm@
» Bidirectional (association can be navigated in both

directions)
» Company has a field employees and a Person has a field
company

works for» 73

Person ./ employee 0.1 Company

!J)

» Bidirectional or no explicit navigability
» no explicit navigability = no fields

works for»
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Associatons between classes

works for»

Person S,/ employee
P —

public class Person

{

private Company company;

public getCompany ( i
return company;

}

public setCompany (Compan

c)

company = Cj;
}
[ we

T

{

0.1 Gampany

public class Company
{ .

private ?et<Person>lemployees;
T

[ bt Preson>
e B plogee

‘d'eVV\DLI'Q “'\"/‘[J e
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Attributes and Associations

Order

+ dateReceived: Date [0..1]

+ isPrepaid: Boolean U]

+ lineltems: OrderLine [*] {ordered}
4//1

Date

0.1

public class Order {
private Date date;
private boolean isPrepaid = false;
private List<OrderLine> lineltems =
new ArrayList<OrderLine) ();

+ dateReceived

Order

+ isPrepaid
Boolean
1

linelter

m

OrderLine

s mph e
* | igercd) € mk{_{ff( L{m)



Hubert


Contents

From Requirements to Design: CRC Cards
Class Diagrams |
Sequence Diagrams |

Project



Sequence Diagram: Computing the price of an order

public class Order {

}

List<OrderLine> orderLines = new ArrayList<OrderLine>();
private Customer customer;
double baseValue = 0;

public double calculatePrice() {
for (OrderLine ol : orderLines) {
baseValue += ol.calculatePrice();
}

return customer.getDiscountedValue (this);

}

public double getBaseValue () {
return baseValue;

}



Sequence Diagram

public class OrderLine {

public int quantity;
public Product product;

public double calculatePrice() {
return product.getPrice (quantity);

}

public class Product {
public double price;

public double getPrice(int quantity) {
return price * quantity;
}
}

public class Customer {

public double getDiscountedValue (Order order)

return (1 - 5/100)+order.getBaseValue(); // 5%

}
}

{

discount



Sequence Diagram: Computing the price of an order

» Class diagram

Order OrderLine Product
baseValue : double ~~lLquantity : int T price
calculatePrice() : double calculatePrice() : double getPrice(quantity : int) : double
Customer

name : string
address : Address
getDiscountedValue(order : Order) : double

» Problem:
» What are the operations doing?



Sequence diagram

I

an Order Line ‘ aProduct aCustomer

an Order
| s\jl,. J\ Fova D‘-—d c.:“ T ‘
™ >
(S i | ‘
E calculatePrice \Pri ntity: number
vahg | getPrice(quantity: number) |
Rt I i *
Grlor g ‘

| getDiscountedValue (an Order)

\j

{ownu{

\ getBaseValue |

messre [
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Arrow types

a:A b:B
T T
I I
—— I
Casync call |
—
T
T
— /§ﬁc call D '
~—
:D
return
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NS
0

a:A

Arrow types
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Usages of sequence diagrams

» Show the exchange of messages of a system
» i.e. show the execulti he system
» in general onlylone scenatia
» with the help of interaction frames also several scenarios

» For example use sequence diagrams for

» Designing (c.f. CRC cards)
» Visualizing program behaviour
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Course 02161 Exam Project

v

Week 5 (this week) + 6:
» Requirements: Glossary, use case diagram, detailed use
cases for selected use cases
» Models: Class diagram plus sequence diagrams for
previously selected detailed use cases
Week 7:
» Peer review of models from other groups
Week 8—13:
» Implementation
Week 13:

» 10 min demonstrations of the software are planned for
Monday

— The tests need to be demonstrated

v

v

v



Introduction to the project

» What is the problem?
» Project planning and time recording system
» More information on CampusNet

» Create
» Requirement specification
» Programdesign
» Implementation
» Tests
» Deliver
» Week 7: report describing the requirement specification
and design
» Week 8: feedback on the requirements and design of one
other group
» Week 13:
» report on the implementation
» Eclipse project containing the source code, the tests, and
the running program (uploaded to CampusNet as a ZIP file
that can be imported in Eclipse)
» demonstration in front of TA’s



Organisational issues

» Group size: 2 -4

» Report can be written in Danish or English

» Program written in Java and tests use JUnit

» Each section, diagram, etc. should name the author who
made the section, diagram, etc.

» You can talk with other groups (or previous students
that have taken the course) on the assignment, but it is
not allowed to copy from others parts of the report or
the program.

» Any text copy without naming the sources is viewed as
cheating

» In case of questions with the project description send email
to huba@dtu.dk


huba@dtu.dk

Week 5-6: Requirements and Design

Design process

1 Create glossary and use cases based on noun, adjectives,
and verbs in the user requirements document

2 Create user stories based on use case scenarios

3 Create a set of initial classes based on nouns from the
glossary — initial design
3 Take one user story
a) Design the system by executing the user story in your head
— e.g. using CRC cards
b) Extend the existing class diagram with classes, attributes,
and methods

3 Repeat step 2 with the user stories



Week 7: Peer Review the models of your colleagues

Criteria to check for

» Use of the correct notation (use case diagram, class
diagram, sequence diagrams)
» Consistency and completeness of the models

» use case names in use case diagrams are the same as use
case names in detailed use cases

» sequence diagrams fit to the user stories

» use case diagram describes the complete behaviour of the
system

> ...

» Readability
» Do you understand the model?



Learning objectives of Week 4—7

» Learn to think abstractly about object-oriented programs
» Using programming language independent concepts
» Learn how to communicate requirements and design

» Requirements are read by the customer but also by the
programmers

» Have a language to talk with fellow programmers about
design issues (class and sequence diagrams)

» By commenting on the models of others, you learn how
people will read and understand your model

» 1 don’t expect you to create perfect models

» It is okay if your final implementation does not match your
model

» Focus on getting the notation and concepts right
» By comparing your model with your final implementation,
you learn about the relationship between modelling and
programming
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Week 8—13

Implementation process

1 Choose a set of user stories to implement
1 Select the user story with the highest priority

a) Create the acceptance test for the story in JUnit
b) Implment the user story test-driven, creating additional
tests as necessary and guided by your desing
— based on the classes, attributes, and methods of the model
- implemene classes, attributes, and methods needed

%Lirmle_nﬁrluhe-l-lse&ﬂry
— Criterigz_100% code tpverage based on the tests you have

3 Repeat step 2 with the user story with the next highest
priority
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Grading

» The project will be graded as a whole

— no separate grades for the model, the peer review, and the
implementation
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