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Object-Oriented Design (Sc

EVERYONE GRAB AN

ODD-SHAPED PIECE

OF FOAM AND SIT
DOWN.

www.dilbert.com scottadams@aol.com

WE'LL CONTINUE THE
DESIGN PROCESS BY
POINTING TO THESE
BRAINSTORM NOTES
AND MAKING INSIGHT-
__FUL OBSERVATIONS.

% | Tory;
A [ Gh:

O Goal: Populate OOA’s UML

hach Chap 14)

=1 THE SWEET

:| NOTES TEEPERS!II
ARE ALL YOU'RE ALL
YELLOW. ENGINEERS!

Result of our Elevator System

Class Diagram with the methods

that belong to each class

Button

illuminated: Boolean

JAN

OOA: A UML Class Diagram

Elevator Button

Floor Button

O OOD uses UML Sequence
diagrams for each scenario
O Develop UML detailed class

diagram (1d each class’s

methods)

mn|

controls

‘2m—2

controls
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|

Elevator Controller

1 Elevator Doors

L conirols—-

requests: requestTyps

doors open: Boolean

P
controls
| n

Elevator




Sequence Diagrams: what happens when

O Focus is on chronological interactions between objects. These
become a class’s methods

0 An object is represented by a rectangle and a vertical bar.
0 Message sending order indicated by position on axis.
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window
Llserinterface

[
i _
| O Consider a hotel reservation

Witmﬂﬁm
for each day] isRoom=availablel:boolean

conditi
[i;{Hunm] on aReservation

Feservation
EEE—

alotice
Confirmation
[T
creation Z -

activation bar T »

note -\‘H |_'_|

If 3 room is available for [, |
each day ofthe stay, make |
a reservation and send a |
I
I

makeReservation(void rnakeReservation?void

I
|
|
|
|
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‘b\ message

N deletion \
|
I

—— lifeline ———»
confirmatiaon.




E Example: Elevator Sequence Diagram
0p)
&)
~ o What would a UML Sequence Diagram look like for the
= following scenario => Sally is on the 10" floor and presses a
2 floor button. The elevator arrives from the ground floor to pick
S herup. —
&J_-" illuminated: Boolean
O
O &
Elevator Bution Floor Button
mn ‘Em—z
controls controls
1 1
Elevator Controller 1 controlsD\ Elevator Doors
requests: requestType doors open: Boolean
|1
[n O Note: Class at head of arrow on

Elevator

Sequence Diagram gets tasked with
Implementing message as a method. 3




5 C tion bet S 10S & S Diagram
= CLOonnection petween scenarios equence plagrams
n
a
- floor elevator elevator
User A elevator
- Example of a Scenario + resultant buton | | uten | | coirle
QO
- 1. press floor
)
= UML Sequence Diagram paton
2. inform elevator
G__) conlr(illler
[<+— 3. turn button on
1. User A presses the Up floor button at floor 3 to request an elevator. User A wishes to go A HORE U
to HOOr 7 one floor
2. The floor button informs the elevator controller that the floor button has been pushed. ” 5. turn button
3. The elevator controller sends a message to the Up floor button to turn itself on. ot 6. open
4. The elevator controller sends a series of messages to the elevator to move itself up to doors
floor 3. The elevator contains User B, who has entered the elevator at floor 1 and 7. start
d the el button for floor 9 Himer
pressed the elevator button for floor 9.
5. The elevator controller sends a message to the Up floor button to turn itself off. [—Sunmeszelavaiosouiton »
9. inform
6. The elevator controller sends a message to the elevator doors to open themselves. it -
7. The elevator control starts the timer. contraller
User A enters the elevator. L tb”rt':
utton
8. User A presses elevator button for floor 7. o .
9. The elevator button informs the elevator controller that the elevator button has been 1. ;Loosr‘:
pushed.
10. The elevator controller sends a message to the elevator button for floor 7 fo turn itself on. 12.* move up_
11. The elevator controller sends a message to the elevator doors to close themselves after a N R fonr
timeout. button
12.  The elevator controller sends a series of messages to the elevator to move itself up to off 8. open
floor 7. Hiaon
. 15. start
13. The elevator controller sends a message to the elevator button for floor 7 to turn itself off. s
14. The elevator controller sends a message to the elevator doors to open themselves to %
allow User A to exit from the elevator.
16. close
15. The elevator controller starts the timer. r—
User A exits from the elevator. 17." move up_
16. The elevator controller sends a message to the elevator doors fo close themselves after a one floor
timeout. N - N - N
17. The elevator controller sends a series of messages to the elevator to move itself up to
Hloor @ with User B. 4
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MFKA UML Sequence Diagram

Q ICE: Produce a UML Sequence Diagram for this Much-o
Fantastic-o Kitchen Assistant scenario: Find a recipe for a
meal of chili that includes chipotle powder, scale it, and
generate a grocery list of the ingredients needed for a week’s
worth of chili (to be eaten 3 times a day) by 200 Marines.

Greeter
-User Role
Meal Planner +operation()
-duration
-groceryList
-constraints Recipe DB Controller
+operation() +operation()
1 Browses ! ,
cmmmatue_s_* Recipe DB
Meal 0.7 +operation()
-scale : int ’
+operation() Recipe

-ingredientList
+operation() 5
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Construct UML Detailed Class Diagram

Elevator Application

Button

Elevator Utilities

illuminated : Boolean

turn button off (abstract)
turn button on (abstract)

I

Elevator Button

Floor Button

furn button off
furn button on

turn button off
turn button on

mn

controls

Elevator Controller

—t

requests: requestType

check requests
update requests
start timer

| 1
controls
| n

Elevator

move down one floor
move up one floor

1

' controls 4

|2m—2

controls

Elevator Doors

doors open: Boolean

close doors
open doors

“Detailed” here means that all
method names and attributes
Identified by the design team,
are represented on the diagram.



= Perform Detailed Design
d . .
0 o Detailed design of method o o
s void elevator event loop (void)
@  elevator controller loop, draws [ |
< heavily from prior UML e (LR
— l if (a button has been pressed)
Q dlag rams. ifl(buﬂon is not m’.')l
= {
8 ] update requests;
= Des|gn Team: button::turn button on;
}
O Q ShOUId nOt dO tOO mUCh else if (elevator is moving up)
i : {
0 Detailed design should not if (there is no request to stop at fioor
become Complete Code el::evator::move one HOOI' Up,'
O Should not do too little: { |
] ] . stop elevator by not sending a message 10 move;;
a It is essential for detailed elevator doors::open doors;
design to fully indicate how all ok biiion i
functional |ty IS met. Zlgvator button::turn button off;
] upaate requests;
O So, how to verify we are done .
with detailed d95|gn? else if (elevator is moving down)

[similar 10 Up case]
else if (elevator is stopped and request is pending)
{

v



= |CE: Detailed Design
%
a dd Joop (void
) void elevator event loop (void)
= O ICE: Provide pseudo-code for a [ P
= method in class Meal Planner called e (B2
D P lanMeal ( ) if (a button has been pressed)
— ; if (button is not on)
O 1. ldentify what arguments g
O planMeal () will need and update requests;
(b} - . button::turn button on;
= what methods, including those )
O defined in other classes, that clse if (elevator is moving up)
planMeal () will use Grocter
2. Show how planMeal () -User Role
fulfills the below scenario. e’ Flanner | [voperation(
-groceryList
. . -constraints Recipe DB Controller
MFKA Meal Plan Scenario: Find a +operation() +operation()
recipe for a meal of chili that includes —Eruses ! ¢
chipotle powder, scale it, and generate a Coordinates | Recipe DB
grocery list of the ingredients needed for a Meal " +operation()
week’s worth of chili (to be eaten 3 times a  [-scale : int ¢
day) by 200 Marines. +operation() Recipe
-ingredientList
+operation()




= Testing During the Design Phase

O

) . -

= Q Desl,\llgnI |ts_el1; m;:St be correct Test

< Q No logic faults 7 g A

) b‘_ | ’-"

& o Fully defined Class interface. kg
& O Design reviews. Purpose is to show -®x

o that Design correctly reflects

Specification. How can this be shown?

o Show how each normal/abnormal scenario is met by
the design.

0 Critical that a proper set of scenarios was developed
during OOA.




Metrics for OOD

O What Metrics can be used to describe various aspects of
the Design?

Q One i1s McCabe’s Cyclomatic complexity. Measure based
on # of controlflow decisions, can apply to pseudo-code.

0 the number of binary decisions plus 1,
0 a metric of design quality, the lower the M the better
« Advantage: Easy to compute, can be automated

» Disadvantage: Measures control complexity only, does
not measure data complexity.

O What other aspects of a Design can be measured?
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Recap: Relationships Between UML Diagrams

BPR workflow diagrams| The UML state diagrams A state diagram shows [ seate diagram The UML

- Il of the values (states) : implementation
Workflow diagrams are a . 5 P
kind of activity diagram that the attribute of diagrams

Activity diagrams show all Activity diagram an object can take as © Implementation diagrams
the activities that occur as the messages (events) are show design and

rocess. :
p values of an object change. (?" O processed. State P architectural decisions.
Activity diagrams are used to O diagrams are only

used to define an entire
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The UML use case ;::pture workflows or decision | [ prepared for classes Package diagram
diagrams quences. whose instances are — —
Use cases define generic O O A very dynamic. I' - l
processes the system _ == 5 e
gust pe .able to I)andle. , The UML static structure diagrams / Cliss <hacraem - B e s
eSCf{PUOHS dgfme . . .ﬁ. g «The-gtass diagram describes-classes=their associatjons g t: s Iagg al dSiJvision of
generic scenarios. I with other classes (responsibilities), and inheritance 'e ogfcl diiles
Bl o VTP ol relationships. More complex class diagrams desd’ibe & I EHIBI. IR0 . IomEcs
descriptions . Requirements class attributes and operation names. . r
Use case diagram specification

,ég;..ﬂ
)

3 Component diagram
Class diagram
¥ . L
vr . ™ Scenarios . E E . T J g]' > %
—— | /f
- : Scenarios describe specific Component diagrams
. ldealakiect medel . step-by-step examplesof . bl’fd ccl;aqrams Object diagram show the actual software
% =Systerh (5. The'nduns used —ere used to modules in the final
in scenario descriptions Explore specific Iil system. These are often
often define classes. problems with the same as the package
specmc classes. di
: iagrams.
Jacobson’s ideal object model ’%F
defines three types of classes The UML interaction dia rams Collaboration diagram :
according to their overall TR e — Deployment diagram
function. i 2 =
Sequence diagrams slnow the | —~ —%—) 1T 3 ﬁj_@
CRC cards / flow of messages (evgnts) << =l
CRC cards provide users between objects. In effect they e : : 2
and developers with an provide a formal way tp specify Collaboratlc?n dfagrams .
. are a combination of Deployment diagrams
informal way to identify a scenario. =
; - object and sequence show the actual
classes, attributes, and o D e o o — 2
messages by workin ] diagrams. They show platforms (nodes) and
9 the flow of events network links used by
through scenarios. : icati
between objects. the application.

11




5 Design Artifacts for your Capstone Project

n

& O You likely have seen other (non-UML) design artifacts

@ depending on the courses you have taken (some examples):
o - network diagrams (routers, switches, .4

C.) . . Paner . L:N
- hosts, IP ranges, device links, etc) <;r:~:-_;—._§/@h g QE ,
= « machine learning design: \©.I‘.,.;

— data description, data creation process,

— description of what you want to learn, and model
you intend to use (Bayesian net, neural net, plan for
using model output).

» entity relationship model
— database schema (normalized)

FFFFF

O Your Capstone Project: for each subsystem - use design
artifacts that make sense in the context of your project 12




