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My (undergraduate 3™ year) courses

Mandatory for Computer Science and Software
Engineering students

(1)Advanced Object Oriented Programming
(2) Software Design for Engineers

Content

— Classical OO Principles and Design Patterns
— UML

— Executable modeling with OO Statecharts

— System construction leveraging all of the above
* Which is what makes the courses difficult for many students



Student Body
 ~300 Students

* 9 virtual campuses (culturally and gender
segregated)
— Distributed among 4 physical campuses

System 1 System 2

Voo




Thinking, Fast and Slow (Kahneman, 2011)

System 1 System 2
* Intuitive thinking « Rational thinking
e operates automatically and * allocates effortful mental
quickly, with little or no effort activities that demand it,
and no sense of voluntary including complex computations.
control. * believes itself to be where the

» effortlessly originates action is, bfjt system_L...
impressions and feelingsthatare ° therearevital tasfks thit only
the main sources of the explicit System 2 can perform because

. . . they require effort and acts of
beliefs and deliberate choices of self-control in which the
System 2

intuitions and impulses of System
1 are overcome.



Law of least effort

e if there are several ways of achieving the same goal,
people will eventually gravitate to the least demanding
course of action.

* |n the economy of action, effort is a cost and the
acquisition of skill is driven by the balance of benefits

and costs.

* Laziness is built deep into our nature.
— priming
e EAT->SO_P->SOUP and not SOAP
* Emotions, unconscious thoughts, visual cues also prime
— difficult question-> easier “heuristic” question

* “how much would you spend to save an endangered species?”
e ->”how much emotion do | feel when | think of dying dolphins?”
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Reciprocity: Bi-directional association
(UML)

I L B



Reciprocity (2)

// file A.h // file B

#ifndef A_H #ifndef B_H

#define A_H #define B_H

#include “B.h” Xl#include “A.h”

Mclass B; Mclass A;

class A { class B {

public : public :

A(); B();

~A(); ~B();

void setltsB (B* p_B); void setltsA (A* p_A);

B* getltsB (); A* getltsA ();

protected : protected :

B *itsB; A *itsA; eyl |\
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#Hendif #endif



Reciprocity (3)

1

1 B

vioid A setltsB(B* p_B) {
itsB = p_B:
!

vioid A::_setlisB(B* p_B) {
iffitsB '= NULL)
{

isB->__ setlisA(NULL):;

H
_setltsB(p_B);

i

void AcssetlitsB(E* p_B) |
ifip_B != NULL})
1
p_B->_setltsAlthis);
i
_setlisBip_B);

i

ItsA

itsB

void Bi__ setls ACA* p_A) |
itsd = p_A;
H

viodd Be:_setltsACA* p_A) |
iffitsA '= NULL)
1
itsA->_ setlisB(NULL);

i
__setlsA(p_A);

)

void BisetltsA(A* p_A) |
if(p_A '= NULL)
l
p_A->_setlisB(this);
H
_setltsA(p_A);
i




Reciprocity (4)

What happens in the middle of a run, if we change duration settings {intensive, quick}?
What happens if there is fault in the middle of a run?
answer (??7?) WYSIWTI

I active I
[ running ™\
E il on B
evStart[IS_IN(normal)}/
off setup();
oot [isWashed()]
tm(1000)/ fRETh [isRinsed()]
N —washTime- g
open u [isDried()}/
evClose tm(1000)/ cycles++;
I e ~rinseTime; drying
tm(1000)/
—-dryTime;
\
[cycles=MAX_CYCLES)/
GEN(evFault);
I _z_ ~ " senice S 0. mode
nomal @] eFaul | /
—-n- evilode
“eycles=0; I quick _///—\'
\\_) I k—)’ intensive
evSenice evSenice |
faulty | eviVlode
|




Reciprocity (4)

active
armingDisarmingReprogramming codeEntry
evKeyOff(IS_IN(correct)]/ evKey/

tsController->GEN(evDisarm);

newCode = params->r|£

evKey/

newCode = (10 * newCode ) + params->n;

count++;

¢ count=1; | \/ tm(5000)
l, idle — - evKeyOff
[IS_IN(correct)]/ )
evkeyon| gscontroller->GEN(evTemporise); [isCodeEntered()]
evKeyOn[I5_M(d¥ferent)]/ C — &
changeCode(); _ [IS_M(notEntered)]
reprogrameing . L [else] [isCodeCorrect()]
L
; currentCode
waitOldCode
evKeyOn different ' correct
[eke]
&
[ tm(3000
[IS_(correct)] ( ) } .'._I:rn(3000)
Ke ¥
« wﬁ waitNewCode . notEntered

. ] tm(10000)

MFCgui

x|

K.eypad
o
3
4 G
7 3
]} OFF

code IT'

arm |

b overnent|

dizarm |

Craar




attribute int fredrikalnt to class D?

Domino Effect (1)

* Which files will require recompilation after adding an

e answer (sic) “What you see is all there is” WYSIWTI

Z

A

B

1E
itsA

N

IitsB

C

itsC

«Usage»

VAN

D

& freddyInt:int




Domino Effect (2)

 What happens when freddy opens (and then closes) the door?

Tank 3 Dishwasher 3| . et evTankFill _ | filling o~ ->GEN(evFull);
1 -
fTank itsJet
ilsHeater\Q} (3
empty full |
Heater 3, *—> < @
Figure 13: Dishwasher controller and subsystems. pr—
tm(4000)/ 9
itsDi ->GEN(: pty); evTankDrain

[ active ] Figure 15: Tank subsystem statechart.
r 3
[ doorClased ®) B DishWasherGUI E3

—_— evOpen . . Lv
* off > doorOpened (2 \.L Service Operation Mode -
@ [ maintenanceOk Bl Cycles: 0 Homal [ idle I

evlose

DONEF | |< oK | Huick
Sta tup(); Intensi
evStart setup() - : ntensrye ngeISpra/ /xev_-,em\
filling @ [isInNeed OfService()] evSe S arvice | : evietPulse
i o [ / running \
— | maintenanceRequired | - N
eviull | | pulsing
rinsing (%)
mirinse Time) Figure 16:Jet subsystem statechart.
washing @ evNormal
L i @
tmf{washTime) tomma ¢ C
draining @ evNormal _ Off
evintensive
evEmpty eviuick
= evQuick - e
drvi = quickMode () intensiveMa [
rying (D & + eVHeateron evHeateroff
- Time) I evintensive————
[dryTime on
DONE
L\ S

Figure 14:Dishwasher controller statechart. Figure 17: Heater subsystem statechart,



Weak Priming->Mediterranean salad

Singleton Method for Abstract Factory
Non-singleton factory method
Singleton factory method

¢ accept
° ViSit :

Dishwasher I i i
Abstractractory]  «Usage» | %I o
-f > 4 ) + Dial +Send + visit{Hayes)
+Hangup +Recv + visit{Zoom)
+ accept{ModemVisitor) + visit(Emie)
1 | ? | %
AcmeFactory Tank 3 Jet  F| | Heater %
Hayes Zoom Ernie UnixModem
Configurator
| | AcmeTank % I Acmelet ?II AcmeHeat %

v.visit(this)

public void accept(ModemVisitor v)
i | ! {
i  «Usage» /| 5




Strong Priming-> right answer to the wrong question

winterfaces
Modem

itsModem

+ dial(...)
+ selViolume(int)

HayesModem

ZoomModem

ErnieM odem

adelegates»
S .

LoudDialModem

£

N

public void dial(...)

itsModem diall...);
}

{
itsModem.setVolume(11);

AN

interface
1 “Crant PartVisitor
= ; + visit(Assembly)
+ accepl(PartVisitor) + visil(PieceParl)
Assembly PiecePart
- partNumber - cost ExplodedCost pa\:
- description - partNumber
- description

Figure 3: Modem with Decorator Pattern

Figure 4: Visitor Pattern to Generate Report on Composite



Opposite Roles

AlarmListenerRecord

 IntsrvalDecrementint
B Intervalint
B p_AlarmListenerAlarmLlstener *

tsAlarmListenerRecard

.

4Singletons
AlarmClock

E wakeEvery(Interval Int,2AlarmLIstener. AlarmListener ").vold

alrterfaces
AlarmLIstener

Bwakeup()vold

TemperatureAlarmListener

N
«Usages |
|
TermperatureSensor
Hinervalit @~ 0o ——————— E
«Usage»
R read(ynt
Hcheck()vold !
3TemperaturaSensor

Elwakeup(yvold
% TemperatureAlarmLIstener(aTemperatureSensor TemperatureSensar *)

«Interface»
StationToclKit

@ getClock().Clockimp *

T

Nimbus1_0ToolKit

Clocklmp

@ getClock):Clockimp *

@ notifyClockListeners():void

€=

«Usage» \I/

%

itsClockListener

«Usage» }

«Singleton»
Nimbus1_0Clock

«Interface»
ClockListener

@ tich.void

T

AlarmClock

@ tic():void

& AlarmClock(ts: StationToolKit *)
GlwakeEvery(interval:int, aAlarmListener. AlarmListener *):void

Barometric
acreates» Pressure Trend
Observer
J‘ + update()
Observer
Monitoring Screen wcreatess Barometric
Pressure *
+ display Temp(double) Obsarver
+ displayPressure{double)
+ displayPressure Trend{doubile) + update()
e e e e e i )
'l
Barometric
Scheduler Pressure Sensor Observable
——
- tic() 7 + addObserver()
+ notifyObservers()
Barometric
Pressure Trend
Sensor




n G+ by Telelogic - [0bject Mode! Diagram: Package Dependencies]

System Construction

Window  Help

= #h iy B

®RAQME E5: v

v | debug

¥

2 ER =

SLhOvWTeOAR

O o

T Avrial

s H| #] 8| %) O &

ect Model Diagram: ObservableHierachy in WeatherMonitoringPka] elelogic - |UDject Model Diagram:

KRR M EEE v

Layout  Tools  Window Help
&% 0 #4 G @
vldebug v|

L

ER « =

SN OvC e O A LS || T

5| M £ ¢

B

TemperatureSensor

WeatherStationCompanentl

= lastReading:int=0

& check():void
Wread()int

& update({data:int):void

itsObsewer/’\

Mirnbus1_Pky:Mimbus1Toolkit

& gatClack):Clocklmp *
E makeTemperature() Temperatur
& makePressure):Pressurelmp *

!

BarometricPressureSensar

Observable

o lastReading: int=0

|

& check{)-void
Hread():int

BarometricPressureTrendSensor

= lastReading:int=0

& notifyObservers{data: int):void

& check{data:int)void
B calcTrend(datacint):int
§ update(data:int) void
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«Usages |I

s

APL_Pkg:Clocklmp

& notifyClockListeners():void

«Singletons

Mimbus1_Pkg::Nimbus1Clock

M instance: MirmbusClock *=NULL

s Nirnbus 1 Clock)
EtheMimbus1Clock():Mimbus1 Clock *

i

|tSC\ockLlstenerJ/* «lUsages /1]\
interacen
ARI_Pky:ClockListener |
& ticq)vaid

WeatherMonitoringPkg:: AlarmClock

M ticUnit:int=50

Stic(wnid

HwakeEvery(alnteral:int a4larmlistener AlarmListenert) vaid

s AlarmClock(st: StationToalKit %

apsody in C+ by Telelogic - [Object Madel Diagram: AlarmClockAlarmListener in WeatherMonitoringPig]
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Discussion

student population endowed with highly developed rational faculties which must often
defer to intuition due to constraints on effort and attention that can be devoted to
studies provides a fertile laboratory in which to examine the role of System 1, System
2, priming and WYSIATI in the learning process

Data mining from scanned exam booklets
— collected from many nations, disciplines and cultures.
— develop a rich taxanomy of error types;

— correlate different error types (e.g.., does a student who has trouble differentiating between
similar problem types, also have problems with priming?);

— Data must be adjusted for cultural bias, educational methods, discipline types, etc.
Course modules tailored per cognitive abilities?

Whereas in academia failure to account for cognitive variation affects only grade point
average, in mission and/or safety critical systems the costs could and have been much
higher. We envision tailoring employee training and work assignments according to
cognitive characteristics. This however could be a sensitive issue. Just as there is
opposition to genetic testing to determine health insurance premiums, there would be
considerable, and in our mind justifiable opposition to cognitive testing as a criterion
for hiring and advancement.




