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Window — #4/4 4 %4 T8 — A& @

Line— — &4, 4ethf & £ F 5N

Point — — A~k 4z &,

Color — #i &, 4otk i B % ¥ 5 N,

Shape — A MK g 4tk (L&A1 69 BAIGUIN & £ & #4 ¢ K at)
< Shape, 5 A v A ARG AN LKA, ©&—f—HMbGH
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" AR LKL
= B EAaR AR, Adar A HIRA
“ PR AT 6 A
= draw_lines() # 1144|254
= move(dx,dy) #uiT45 % 2 44
= s.add(x) i £ 4~ X (e.g., apoint) #| —NEAA S F
- NAHLEGENEME X
" X()#EZERHGSAA
= set X() R EzeMHA-NL 2O HMA
= eg,
Color ¢ = s.color();
s.set_color(Color::blue);
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Lines In;

Point p1(100,200);

Point p2(200,300);

In.add(p1,p2); // add points to In (make copies)
win.attach(In); /[ attach In to window

KA1 A 2 & 4 Awin.add(In)?
= add() & 4|4 &.; attach() & 24| £ — /43| A
= K A1AL 4D 4 attach — ANzt & S48 % v, 42 add & /& 0] T 14

(100,200) /
(200,300)

(100,200)

(200,300)
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c.set_radius(12); /[ set radius to 12

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

c.set_radius(-9); I/ set_radius() could check for negative,
Il but doesn’t 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!)

& # 7T 34 & public # =, private 4
= 2t 4 o % A Public
" 4R A £ A4S A 6 & & £ A Private
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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): — B Fo T ik
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

T ms—#2 LB

Square s3(100,200,200,300); // is 200,300 a point or a width plus a height?
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CHRAGAMARZ “KAF” Shape £
= e.g., Polygon & — 4 4% s ¢ Shape

Shape

Circle Ellipse Text Line

Open_polyline

Image

AXis

Lines

Function

Marked_polyline Rectangle

Closed_polyline

Marks \
/ Polygon

Mark
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protected:
Shape(); // protected to make class Shape abstract
5] 4o
Shape ss; /[ error: cannot construct Shape

= Protected & F “2 fh ik A F A Rk 4 £ A

o K Hu, #4414 Shape A& K £

struct Circle : Shape { Il “a Circle is a Shape”
...

h
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Shape # &« AN %L “4RK LHRE
= Window %ei# Shapes
= FTA 6 B At &4 & — A Shapes (Window 45 &k 32 57 A ¢ B 7 24 %)
< Shape # —/N£, TR LA A 6 6 Fo KA
= @b, A Color e Line style &, i
Shape 4% 4 7 4k Points
Shape A —MNA A, Bpdodd o4 &7
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“* Shape #t #2 color #e style
= kb #E AR privatety, @Rk H o &K
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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% Shape 4 #& Points
= ik # g AR A privateds, @G H o BB

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

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

v R £ (45 ik 4 £) R4 4& A point() 4o number_of_points()
" BT AH 2?2

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

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

I ... save old color and style ...
I ... set color and style for this shape...

I ... 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 ...

} ™

toy, RAFRGOGAEF S
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Shap e(bmern)

void Shape::draw() const
I/ 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()
-V
- Il a “virtual call”
Note! Il here is what is specific for a “derived class” is done
fl_color(oldc); /I reset color to previous
fl_line_style(0); /I (re)set style to default
}
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4 % Shape ¥

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

/. % Circle $

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

M £Text $

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

*
%

*

*

*
%

»
%

*

Circle, Text, 4 B # 4, £
= “4k K f” Shape
= <T#“& A (override)” draw_lines()

\ (2 FhAEEPREL—ANEHK, #£2TrdE itk
ARG H ot i1 A
£ %A, X3 F && (overload)
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class Shape { /l deals with color and style, and holds a sequence of lines
public:

void draw() const; // deal with color and call draw_lines()

virtual void move(int dx, int dy); /I move the shape +=dx and +=dy

void set_color(Color col); /I color access
int color() const;
Il ... style and fill _color access functions ...

Point point(int i) const; Il (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; Il 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; /I fill color

Il ... prevent copying ... P - X :
b | st AmrhALAGRM, BAALE
# NA & & # Aotk N K AA 42 1E

USTC AUTO




http:/ /staff.ustc.edu.cn/~zlwang/

- - b
e e .
.

_ Shape
draw_lines(
Circle draw()
draw_lines() draw() [élnsgil rc’:lé/
Window
draw lineg(y | e [ draw()
- \attach() ait_for_button()
Text -
draw_lines() our code
make objects
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OOP == # /& inheritance + % & polymorphism + #t # encapsulation

*

¢ KAAoik At £ /I inheritance
— struct Circle : Shape { ... };

L)

— Also called “inheritance”

L)

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

%

** Private %= protected // encapsulation

— protected: Shape();
— private: vector<Point> points;
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All users

Derived class’s members

Class’s own members

' Protected members

Private members

AR (BB BEAKERAR) - NDNEAEATURA
= Private. protected s, public #

USTC AUTO



http:/ /staff.ustc.edu.cn/~zlwang/

-
£

 Aat, HoPORBEAEEN
" el FREOKBHBEHEARELFP
" RAT L FAR R A RIS KB
= A ‘A’ @WiEk: =0
v XA R MEHo (L) GETFT X

struct Engine { /I interface to electric motors
// no data
/I (usually) no constructor
virtual double increase(int i) =0; Mined in a derived class
...

virtual ~Engine(); // (usually) a virtual destructor
I

Engine eee; // error: Collection is an abstract class
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" g Fetr ) & G M K P 4 chapters 17-19 F A% fm 174

L)

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

1
M123 window3_control; I/ OK
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class Shape {

...
private:
Shape(const Shape&); Il don’t copy construct
Shape& operator=(const Shape&); Il don’t copy assign
%
void f(Shape& a)
{
Shape s2 = a; Il error: no Shape copy constructor (it’s private)
a=s2; Il error: no Shape copy assignment (it’s private)
}
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struct B {
void f1(); // not virtual struct D : B {
virtual void f2(char); void f1(); I doesn’t override
virtual void f3(char) const; void f2(int); /] doesn’t override
virtual void f4(int); void f3(char); Il doesn’t override
}; void f4(int); /] overrides
};
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