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ADbstract

- We have discussed classes in previous lectures

- Here, we discuss design of classes
- Library design considerations
- Class hierarchies (object-oriented programming)
- Data hiding

B

o
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|deals

- Our i1deal of program design is to represent the concepts of
the application domain directly in code.

- If you understand the application domain, you understand the code,
and vice versa. For example:

- Window — a window as presented by the operating system

- Line —a line as you see it on the screen

- Point — a coordinate point

- Color — as you see it on the screen

- Shape — what’s common for all shapes in our Graph/GUI view of the world

- The last example, Shape, Is different from the rest in that it Is
a generalization.

- You can’'t make an object that’s “just a Shape”
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Logically identical operations have the same
name

- For every class,
- draw_lines() does the drawing
- move(dx,dy) does the moving
- s.add(x) adds some x (e.g., a point) to a shape s.

- For every property x of a Shape,
- X() gives its current value and
- set_Xx() gives it a new value
- e.g.,
Color ¢ = s.color();

s.set_color(Color::blue);
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Logically different operations have
different names

Lines In;

Point p1(100,200);

Point p2(200,300);

In.add(pl,p2); /[ add points to In (make copies)
win.attach(In); /[ attach In to window

- Why not win.add(In)?
- add() copies information; attach() just creates a reference
- we can change a displayed object after attaching it, but not after adding it
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Expose uniformly

- Data should be private
- Data hiding — so it will not be changed inadvertently (akovocia)
- Use private data, and pairs of public access functions to get and set the data

c.set_radius(12); // set radius to 12

c.set_radius(c.radius()*2); // double the radius (fine)

c.set_radius(-9); // set_radius() could check for negative,
// but doesnt yet

double r = c.radius(); I/ returns value of radius

c.radius = -9; // error: radius is a function (good!)

c.r =-9; /[ error: radius is private (good!)

- Our functions can be private or public

- Public for interface
- Private for functions used only internally to a class
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What does “private” buy us?

- We can change our implementation after release

- We don't expose FLTK types used in representation to our users
- We could replace FLTK with another library without affecting user code

- We could provide checking in access functions
- But we haven’t done so systematically (later?)

« Functional interfaces can be nicer to read and use
- E.g., s.add(x) rather than s.points.push_back(x)

- We enforce immutability (ctabepotnta) of shape
- Only color and style change; not the relative position of points
- const member functions

- The value of this “encapsulation” varies with application domains
- Is often most valuable

- Is the ideal
- 1.e., hide representation unless you have a good reason not to
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"Regular” interfaces

Line In(Point(100,200),Point(300,400));
Mark m(Point(100,200), 'x"); // display a single point as an X'
Circle c(Point(200,200),250);

[/ Alternative (not supported):
Line In2(x1, y1, X2, y2); // from (x1,y1) to (x2,y2)

// How about? (not supported):
Square s1(Point(100,200),200,300);  // width==200 height==300
Square s2(Point(100,200),Point(200,300)); // width==100 height==100

Square s3(100,200,200,300); // is 200,300 a point or a width plus a height?
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A library

- A collection of classes and functions meant to be used together
- As building blocks for applications
- To build more such “building blocks”

- A good library models some aspect of a domain
- It doesn’t try to do everything

- Our library aims at simplicity and small size for graphing data and for very
simple GUI

- We can’t define each library class and function in isolation
- A good library exhibits a uniform style (“regularity”)
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Class (kAdon)

« Kevipikn 1060 6GTOV QVTIKEWWEVOGTPEPT] TPOYPOUUUATIGUO Elval | KAGoN
(class), pio 0LTOTEANC KOl APALPETIKT AVOTAPAGTAGT) KATO0G KOTYOPLoC
OVTIKEWEVOV, EITE PUGTKMOV OVTIKEILEVOV TOV TPAYUATIKOV KOGUOL EITE
VO TMV, EVVOIOAOYIKOV OVTIKEWUEVOV, GE Eva, TEPIPAALOV
TPOYPOLLULATIGLLOV.

e [Ipaxtik®c etval Evog TOTOG 0EOOUEVOV, 1] AAMMDC TO TPOGYEOL0 UidC OOUNG
OE0OLEVMV LE OTKA TNC TEPLEYOUEVA, TOGO UETOUPANTEC OGO KO O1OOTKACTIES.

« Ta mepieyopeva avtd onAwvovtol €ite ®¢ onuooto (public) gite oG 101w TIKA
(private), [E Ta WOLOTIKA Vo, NV €ivon TPOGTEAAGLLO OTTO KOOIKM EKTOC TNG
KAdoMG. O1 owokacicg Tov KAAce®mv cuvnOmg karovvtol uéboooi
(methods) kot o1 petaPAntég toug yvawpiouato (attributes) 1| weoio: (fields).

« Mia KAdon mpEmel WavVIKA va givarl

* EVVOLOAOYIKA VTOTEANG, VO TEPLEYEL ONANOT LOVO TTEDTO TOL OTTOL0L TTEPLYPAPOVV Lo
KOTIYOPlOl OVTIKEUEVDVY Kot ONUOGLEC LEBOOOVC

01 OTOiEG EMEVEPYOLV GE QTA OTAY KAAOVVTOL OO TO EEMTEPIKO TPOYPULLLDL, YOPIG VO EEAPTAOVTOL
amd AAAO dEOOUEVA 1] KOOTKA EKTOC TNG KAAOMC,

KO ETOVOYPNGILOTOIGILT, VO OTTOTEAEL ONAOT LOOPO KOVTL OVVALEVO VO AEITOVPYTGEL
YOPIG TPOTOTOINGELS MG TUTLLO OTUPOPETIKOV TPOYPULUUATOV.
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Class object (avtikeipevo)

- AvTiKeipgvo (object) eivon 1o oTryutotumo piog KAGGNC, ONANOT QTN
KaBowtn 1 ooun 0E00UEVOV (UE ATOKAEIGTIKA OEGUEVUEVO YDPO GTN
uvnun) Paciopévn 6To «KAAOVTY TOL TPOGPEPEL 1] KAAGT.

» Iopooeiypotog xapn, G€ Hio. AVTIKEUEVOSTPEPT) YADSGO TPOYPOLUATIGUOV
o propovoaye va opicovpe kamoto kKAaon ovopatt BankAccount, n omoio
AVOTOPLOTA VOV TPOTECIKO AOYOPLOGLLO,

* Kot Vo ONAOGOVLE £vol avTIKEineVo TG pe dvopo MyAccount. To
aVTIKEILEVO avTO O £xEl 0o UEVOEL XOPO GTN Uynun pe Bdon tig
netaPANTES Ko T LEBOOOVE TOV TEPLYPAYALE OTOV ONAMGOUE TNV KAAGCT).

- 'Eto1, 610 avtikeipevo Ba punopovoe va mepiEyetal Eva yvopiouo Balance
(=vmdrowmo) kou pia nebooog GetBalance (=eméotpeye 10 VTOAOLTO).

« AxoLoVOm¢ Oa LTopOoVCOLLE VO ONUIOVPYNCOVUE KOO £VO 1] TEPIGGOTEPU.
AVTIKEILEVA TNC 1010G KAAoN G T omtoia o lval OLLPOPETIKES OOUES
OE00UEVMV (OLOPOPETIKOL TPATEQKOL AOYOPIOGLLOL GTO TAPAOELYLLQL).

« Ag onueimBel €00 TMC T AVTIKEIUEVA HiOG KAAGTC UTOPOVV VOl
TPOGTEAAGOVV TO LOIMTIKA TEPLEYOUEVO AAAMV AVTIKEIULEVOV TNC 1010
KAAGTC.
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Class Shape

- All our shapes are “based on” the Shape class
- E.g., a Polygon is a kind of Shape

B
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CIaSS Shape — 1S abstract

- You can’'t make a “plain” Shape

protected:
Shape(); /I protected to make class Shape abstract
For example
Shape ss; // error: cannot construct Shape

- Protected means “can only be used from a derived class”

- Instead, we use Shape as a base class

struct Circle : Shape { // “a Circle is a Shape”
...
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Class Shape

- Shape ties our graphics objects to “the screen”
- Window “knows about” Shapes

- All our graphics objects are kinds of Shapes

- Shape Is the class that deals with color and style

- It has Color and Line_style members
- Shape can hold Points
- Shape has a basic notion of how to draw lines

- It just connects its Points
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Class Shape

- Shape deals with color and style
- It keeps Its data private and provides access functions

void set_color(Color col);
Color color() const;
void set_style(Line_style sty);
Line_style style() const;
...
private:
...
Color line_color;

Line_style Is;
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Class Shape

- Shape stores Points
- It keeps Its data private and provides access functions

Point point(int i) const; // read-only access to points
int number_of points() const;
...

protected:
void add(Point p); /[ add p to points
...

private:

vector<Point> points; // not used by all shapes
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Class Shape

- Shape itself can access points directly:

void Shape::draw_lines() const// draw connecting lines

{
If (color().visible() && 1<points.size())

for (int 1=1; i<points.size(); ++1)
fl_line(points[i-1].x,points[i-1].y,points[i].x,points[i].y);
}

« Others (incl. derived classes) use point() and number_of_points()
- why?

void Lines::draw_lines() const // draw a line for each pair of points

{
for (int iI=1; i<number_of points(); i+=2)
fl_line(point(i-1).x, point(i-1).y, point(i).x, point(i).y);
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CIaSS Shape (basic 1dea of drawing)

void Shape::draw() const
I/ The real heart of class Shape (and of our graphics interface system)
// called by Window (only)

{
Il ... save old color and style ...

Il ... set color and style for this shape...

Il ... draw what is specific for this particular shape ...

Il ... Note: this varies dramatically depending on the type of shape ...
Il ... e.g. Text, Circle, Closed polyline

I ... reset the color and style to their old values ...
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ClaSS Shape (implementation of drawing)

void Shape::draw() const
Il The real heart of class Shape (and of our graphics interface system)
I/ called by Window (only)

{
FI_Color oldc = fl_color(); // save old color
/I there is no good portable way of retrieving the current style (sigh!)
fl_color(line_color.as_int()); I/ set color and style
fl_line_style(ls.style(),Is.width());

draw _lines();  // call the appropriate draw_lines()
Il a “virtual call”
20 // here is what is specific for a “derived class” is done

Jtel
Note! fl_color(oldc); // reset color to previous
fl_line_style(0); // (re)set style to default

}
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Class shape

- In class Shape

virtual void draw_lines() const; // draw the appropriate lines

 In class Circle

void draw_lines() const { /* draw the Circle */ }

 In class Text

- void draw_lines() const { /* draw the Text */ }

- Circle, Text, and other classes
. “Derive from” Shape
- May “override” draw_lines()
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class Shape { I/ deals with color and style, and holds a sequence of lines

public:
void draw() const; I/ deal with color and call draw_lines()
virtual void move(int dx, int dy); // move the shape +=dx and +=dy

void set_color(Color col); // color access
int color() const;

Il ... style and fill _color access functions ...

Point point(int i) const;  // (read-only) access to points
int number_of points() const;

protected:

Shape(); I protected to make class Shape abstract

void add(Point p); /[ add p to points

virtual void draw _lines() const; /[ simply draw the appropriate lines
private:

vector<Point> points; // not used by all shapes

Color Icolor; /I line color

Line style Is; /I line style

Color fcolor; /[ fill color

Il ... prevent copying ...
};
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Display model completed

draw_lines()

draw_lines()
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Language mechanisms

Most popular definition of object-oriented programming:

OOP == inheritance + polymorphism + encapsulation

Base and derived classes /l Inheritance

« struct Circle : Shape { ... };
« Also called “inheritance”

Virtual functions // polymorphism
- virtual void draw_lines() const;
- Also called “run-time polymorphism” or “dynamic dispatch”

Private and protected // encapsulation

- protected: Shape();
- private: vector<Point> points;
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A simple class hierarchy

- We chose to use a simple (and mostly shallow) class hierarchy
- Based on Shape
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Object layout

- The data members of a derived class are simply added at the
end of its base class (a Circle is a Shape with a radius)

Shape:

Circle:
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Inheritance (kAnpovoukotnTa)

- Kinpovopkotnta ovoudCetor n 1010TNT0 TOV KAAGEWDV VO ETEKTEIVOVTOL
O€ VEEC KAAGELS, PNTA ONAMUEVES WS KANPOVOLOVGS (vToKAdoEIS T
'Ouyatpikec KAAGELS),

* 01 OTTOLEG UTOPOVV VA ETAVAYPTGILOTOINGOLV TIG HeTafPidoiues nebdoovg
KOt 1O10TNTEC TNG YOVIKNG TOVS KAAGTNG OAAQ KOl VO, TPOGHEGOVV OIKEC TOLC.

o ZTUYHIOTLTO, TOV BuYaTpIKOV KAACE®V UTopovV va ¥pNGIUOTofo0V OOV aronTovVToL
OTIYLLOTLTO, TV YOVIKOV (EQOGOV 1 Buyatpikn ivol Kot KAmTo1ov TpOTo pia 110
EEEIOTKEVULEVT) EKOOYN TNG YOVIKNG), OALG TO aVTIGTPOPO OEV 1GYVEL.

« TMopaoderypo kAnpovoutkdtntac eivon pia yovikn kAdon Vehicle (FOynua) kot ot 000 1m0
eEerotkevuéveg vmokhdoelc g Car (=Avtokivnto) kou Bicycle (=IToonAato), o1 omoieg
Aéue ot "KAnpovououvv'" amd avtny.

o TToAhamAn) KAnpovoukOTTa, EIVOL 1) SUVATOTITO TOV TPOGPEPOLVYV OPLGUEVES YADOGES

TPOYPUUUOATIGLOD Hiot KAAGT VO KA POVOUEL TALTOYPOVO OO TEPLGCOTEPES OO Lid YOVIKEC.

« A0 pio vTOKAGGN UTOPOVV VO TPOKVYOVV VEEC VTTOKAAGELS TOV KATNPOVOLOVV OO
VTNV, LE OMOTEAEGLA Lio LEPOPYIO KAAGEMY TOV GLVOLOVTAL LETASL TOLVG "avd yevid"
LE GYEGEIC KANPOVOLLKOTNTOG,.
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Benefits of inheritance

. Interface Inheritance

- A function expecting a shape (a Shapeé&) can accept an
object of a clalgs derlgved frclg)m(lahape!3 ) prany

- Simplifies use
- sometimes dramatically

- We can add classes derived from Shape to a program
without rewriting user code

- Adding without touching old code is one of the “holy grails™ of
programming

- Implementation inheritance
- Simplifies implementation of derived classes
- Common functionality can be provided in one place

- Changes can be done in one place and have universal effect
- Another “holy grail”
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Access model

All users

Derived class’s members

Class’s own members

 Protected members

Private members

B A member (data, function, or type member) or a base can be

m Private, protected, or public
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Abstract class (apnpnuevn kAoon)

- Apnpnuévn KAaon (abstract class) etval pio kKAdon mov opiCetonl LOVo yio
vo KAnpovounoel e Buyatpikec VTOKAAGELS KOl OEV VITAPYOLY OTKA TN
OTIYULOTLTO (OVTIKEIHEVA).

- H apnpnuévn khdon opilet om?woc; eval GDHBOMMO 10 omoio Qo mpEmel va
aKoAoLOOVV Ol UﬂOKkaoetg G OGOV APOPQ TIG VITOYPUPES TV ue@oSm\/
TOVG (0oL MG LILOYPAPT] OPICETAL TO OVOLLA, TOL OPICHLATO KO T TUUN
EMIGTPOPNC UG O100TKOGTOC).

« Mia aenpnuévn kKAdon umopel va, £xel Kal un apnpnueves nebdoovg ot
OToiEC LAOTO0VVTOL GTNV 1010 TNV KAAoN (0V KO QUGTKA LUTTOPOVV VO
VTOGKEMLOVTUL GE VTOKAAGELC).

- AvtiB€tmc o1 apnpnueveg LEBoOoL e elval amAmg Evog OpLoUOC TNG
VTTOYPOPTC TOVS KOl EVOTOKELTAL GTIC VITOKAAGELS VO, TIC VAOTO|GOLV.

« Mia apnpnuévn KAdon mov ogv £xel yvopicuota Kot OAEC o1 LEBoool TG
etval aenpnUEVES Ko ONUOCLES KaAeiTal dtaovvoeo (interface).

« O1 KAdGEIC TOV KANPOVOLOUV Ot Ui Ol0GVUVOEGT) AEYETOL OTL TNV
"vAomolovv".
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Pure virtual functions

- Often, a function in an interface can’t be implemented
E.g. the data needed is “hidden” in the derived class
- We must ensure that a derived class implements that function

Make it a “pure virtual function” (=0)

- This is how we define truly abstract interfaces (“pure interfaces”)

struct Engine { // interface to electric motors
// no data

/I (usually) no constructor /

virtual double increase(int i) =0; // must be defined in a derived class

i 5o

virtual ~Engine(); I (usually) a virtual destructor
};
Engine eee; I error: Collection is an abstract class
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Pure virtual functions

- A pure interface can then be used as a base class
« Constructors and destructors will be described in detail in next lectures

Class M123 : public Engine { // engine model M123
// representation

public:
M123();  // construtor: initialization, acquire resources
double increase(inti) {/* ... */ } // overrides Engine ::increase
...
~M123(); // destructor: cleanup, release resources
};
M123 window3_control; /[ OK
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Encapsulation - abstraction
(evOLAOK®GO™N - OLPOLPETUKOTNTOL)

- EvOvLaxkmon ocdoouévov (data encapsulation) kadeiton 1 1010TNTO TOL
TPOGPEPOVV 01 KAAGELS VO «KPVBOLVY T 1OLOTIKE OEOOUEVA TOVC OTTO TO
VITOAOLTO TTPOYPOLLLLLOL

K0l Vo EE0oPOAIOVY TMC LOVO LECH TV ONUOGI®V HEBOdWV TOuC D
LUTOPOVV CUTA VO TPOGTEANGTOVV.

« AVT1] M TOKTIKY] TOPOVGLALEL LOVO 0PEAN KOOMG eCovaykalel KAOE
ECMTEPIKO TPOYPOLLLLOL VO PIATPAPEL TO YEPIOUO TOV EMOVUEL VO KAVEL OTOL
meola Uiog KAAONC UEGM® TV EAEYY®V TTOV UTOPOVV VA TEPIEYOVTAL OTIG
ONUOGLEC LEBOOOVS TNG KAAGTC.

- A@aipeon oeoonévav (data abstraction) kadeitor 1 1010TNTO TOV KAACEDV
VO, OVOTTOPLGTOVV OPUALPETIKA TOAVTAOKES OVTOTITES GTO TPOYPOUUATIGTIKO
wepPaArov.

Mia kAdon amotelel Eva a@APETIKO LOVTEAD KATOL0G KOTIYOPLOG OVTIKELLEVMV.

- Emionc o1 KAAGEIC TPOGEEPOLVY KOl APAIPEST] M TPOC TOV VITOAOYIGTT], EPOGOV 1
KoBepio umopel va BempnBel Evac LikpOg Ko avTAPKNS VTOAOYIGTNC (LE O1KT) TOV
KotaoTaot, uebooovg Kol LeTafBANTEC).
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Technicality: Copying

- If you don’t know how to copy an object, prevent copying
- Abstract classes typically should not be copied

class Shape {

e,
private:
Shape(const Shape&); // dont copy construct
Shape& operator=(const Shape&); // don't copy assign
i
void f(Shape& a)
{
Shape s2 = g; // error: no Shape copy constructor (it’s private)
a=S2; // error: no Shape copy assignment (it’s private)
}
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Technicality: Overriding

- To override a virtual function, you need
- A virtual function
- Exactly the same name
- Exactly the same type

struct B {
void f1(); // not virtual
void f2(char);

void f3(char) const; struct D : B {
ELERE CLeNe(nD): void T1(): Il doesn 't override
F void f2(int): Il doesn 't override

void f3(char): // doesn 't override
void f4(int): Il overrides
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Next lecture

- Graphical User Interfaces
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Thank you!

EMXEIPHZIAKD NMPOTPAMMA

*
« 7 EKMAIAEYZH KAI AA BIOY MAGHEH == EXTNA
pt o Suon seav wowwvia Tre rvwone BN
. =

YNOYPTEIO NAIAEIAL & OPHEKEYMATON. MOAITIEMOY & ABAHTIZMOY
Eupwnaikni ‘Evwon EIAIKH YNHPEZIIA AIAXEIPIIHEZ
Evpwmndiké Kowwviké Tapeio . . e

Me tn ouyxpnuarobsétnon tng EAAdSac kat tne Evpwnaikrig Evwong
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