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ADbstract

- Previous lecture (Chapter 12 in book) demonstrated how to create
simple windows and display basic shapes:

- square, circle, triangle, and ellipse; It showed how to manipulate such
shapes: change colors and line style, add text, etc.

- This lecture (Chapter 13 in book) shows how these shapes and
operations are implemented, and shows a few more examples.

- In Chapter 12, we were basically tool users;

« here we become tool builders.
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Overview

M Closed polyline 5

- Graphing
- Model
- Code organization

- Interface classes
. Point
. Line
. Lines
- Grid
- Open Polylines
- Closed Polylines
- Color
- Text
- Unnamed objects

 s/w libraries
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Display model

attach()

attach()

draw()

- Objects (such as graphs) are “attached to” (“placed in”) a window.

- The “display engine” invokes display commands (such as “draw line from
X to y”) for the objects in a window

- Objects such as Rectangle add vectors of lines to the window to draw
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Layered Code organization

FLTK
Graph.h
GUI
Graph.cpp: Window.cpp:
Graph code :
P Window code GUI code
Our example chapterl12.cpp:
Our code
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e Source files

- File that contains interface information (declarations)

- #include in user and implementer

.cpp (“code file” / “implementation file")

- File that contains code implementing interfaces defined in headers and/or uses such
Interfaces

« #includes headers

Read the Graph.h header
- And later the Graph.cpp implementation file

Don’t read the window.h header or the window.cpp Implementation file
- Naturally, some of you will take a peek
- Beware: heavy use of yet unexplained C++ features
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Design note

° ThO(le Ideal of program design Is to represent concepts directly in
code

- We take this ideal very seriously

- For example:
- Window — a window as we see it on the screen
- Will look different on different operating systems (not our business)
- Line —a line as you see it in a window on the screen
- Point — a coordinate point
- Shape — what’s common to shapes
- (imperfectly explained for now; all details in Chapter 14)
- Color —as you see it on the screen
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Point

namespace Graph_lib // our graphics interface is in Graph_lib

{
struct Point /[ a Point is simply a pair of ints (the coordinates)
{
Int x,y;
Point(int xx, int yy) : x(xx), y(yy) { }
ok /[ Note the *;"
}
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Line
struct Shape {

Il hold lines represented as pairs of points
Il knows how to display lines

$3
struct Line : Shape // a Line is a Shape defined by just two Points
{
Line(Point p1, Point p2);
$3
Line::Line(Point p1, Point p2) Il construct a line from pl to p2
{
add(p1); /Il add pl to this shape (add() is provided by Shape)
add(p2); Il add p2 to this shape
j
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Line example

// draw two lines:
using namespace Graph_lib;

Simple_window win(Point(100,100),600,400,"Canvas'); // make a window

Line horizontal(Point(100,100),Point(200,100));  // make a horizontal line
Line vertical(Point(150,50),Point(150,150)); // make a vertical line

win.attach(horizontal); // attach the lines to the window
win.attach(vertical);

win.wait_for_button(); // Display!
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Line example

M two lines
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Line example

mIndividual lines are independent

horizontal.set color(Color::red); = iﬂdl

vertical.set color(Color::green);
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L Ines

struct Lines : Shape { /[ a Lines object is a set lines
/[ We use Lines when we want to manipulate
/[ all the lines as one shape, e.g. move them all

void add(Point p1, Point p2); /[ add line from p1 to p2
void draw_lines() const;  // to be called by Window to draw Lines

}

- Terminology:
Lines is “derived from” Shape (ropadyetor omo)
Lines “inherit from” Shape (kAnpovousi thyv)
Lines is “a kind of” Shape (eivau tov eidovg)
Shape is “the base” of Lines (eivai n faon)

- This is the key to what is called “object-oriented programming”
- We'll get back to this in Chapter 14
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Lines Example

Lines X;
x.add(Point(100,100), Point(200,100));// horizontal line
x.add(Point(150,50), Point(150,150)); // vertical line

win.attach(x); /[ attach Lines x to Window win

win.wait_for_button();// Draw!
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Lines example

M lines: +

- Looks exactly like the two Lines example

HY150 Programming, University of Crete Lecture: Graphics Classes, Slide 18



Implementation: Lines

void Lines::add(Point p1, Point p2) /[ use Shape’s add()
{

Shape::add(pl);

Shape::add(p2);
}

void Lines::draw_lines() const // to somehow be called from Shape

{
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);

- Note
- fl_line is a basic line drawing function from FLTK
- FLTK is used in the implementation, not in the interface to our classes
- We could replace FLTK with another graphics library
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Draw Grid

(Why bother with Lines when we have Line?)

I/ A Lines object may hold many related lines
// Here we construct a grid:

Int X_size = win.x_max();
Inty size =win.y_max();

Int X_grid = 80;
Inty grid = 40;
Lines grid;

for (int x=x_grid; x<x_size; x+=x_grid) // veritcal lines
grid.add(Point(x,0),Point(x,y_size));

for (inty =y grid; y<y_size; y+=y grid) // horizontal lines
grid.add(Point(0,y),Point(x_size,y));

win.attach(grid); // attach our grid to our window (note grid is one object
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Grid
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Color

struct Color{ // Map FLTK colors and scope them;
// deal with visibility/transparency
enum Color_type { red=FL_RED, blue=FL_BLUE, /* ... */ };

enum Transparency { visible=0, invisible=255 };

Color(Color_type cc) :c(FI_Color(cc)), v(visible) { }
Color(int cc) :c(FI_Color(cc)), v(visible) { }
Color(Color_type cc, Transparency t) :c(FI_Color(cc)), v(t) { }

Int as_int() const { returnc; }

Transparency visibility() { return v; }

void set_visibility(Transparency t) {v =t; }
private:

FI_Colorc;

Transparancy v; /] visibility (transparency not yet implemented)

%
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Draw red grid

grid.set_color(Color::red);

HY150 Programming, University of Crete Lecture: Graphics Classes, Slide 23



Line style

struct Line_style {
enum Line_style type{

solid=FL_SOLID, /[ -------
dash=FL_DASH, If----
dot=FL_DOT, I.......
dashdot=FL_DASHDOT, IN-.-.

dashdotdot=FL_DASHDOTDOT, I -..-.
};

Line_style(Line_style type ss) :s(ss), w(0) { }
Line_style(Line_style type Ist, int ww) :s(Ist), w(ww) { }
Line_style(int ss) :s(ss), w(0) { }

int width() const { return w; }

int style() const { returnss; }
private:

int s;

intw;

b
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Example: colored fat dash grid

grid.set_style(Line_style(Line_style::dash,2));

M fat dashed red grid

---------------------------------------------------------------------------
---------------------------------------------------------------------------
---------------------------------------------------------------------------
---------------------------------------------------------------------------
---------------------------------------------------------------------------
---------------------------------------------------------------------------
---------------------------------------------------------------------------
---------------------------------------------------------------------------

___________________________________________________________________________
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Polylines

struct Open_polyline : Shape { Il open sequence of lines
void add(Point p) { Shape::add(p); }

$5

struct Closed polyline : Open_polyline { Il closed sequence of lines
void draw_lines() const
{

Open_polyline::draw_lines(); // draw lines (except the closing one)
Il draw the closing line:
fl line(point(number of points()-1).x,
point(number_of points()-1).y,
point(0).x,point(0).y );
}
void add(Point p) { Shape::add(p); }

}3
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Open_polyline

Open_polyline opl;

opl.add(Point(100,100));
opl.add(Point(150,200));
opl.add(Point(250,250));
opl.add(Point(300,200));

B Open polyline
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Closed polyline

Closed_polyline cpl;

cpl.add(Point(100,100));
cpl.add(Point(150,200));
cpl.add(Point(250,250));
cpl.add(Point(300,200));

M Closed polyline
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Closed polyline

cpl.add(Point(100,250));

B Closed polyline 5

L hext

. A Closed polyline is not a polygon

- some closed_polylines look like polygons
- A Polygon is a Closed_polyline where no lines cross

- A Polygon has a stronger invariant than a Closed_polyline

HY150 Programming, University of Crete
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Text

struct Text : Shape {
Text(Point X, const string& s) // x is the bottom left of the first letter

- lab(s),
fnt(fl_font()), // default character font
fnt_sz(fl_size()) // default character size

{ add(x); } /I store x in the Shape part of the Text
void draw_lines() const;

Il ... the usual “getter and setter” member functions ...

private:
string lab; I/ label
Font fnt; Il character font of label
int fnt_sz; /[ size of characters

I
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Add text

Text t(Point(200,200), ""A closed polyline that isn’t a polygon"');

t.set_color(Color::blue);

M Closed polyline with text

A closed polyling that isn't a polygon
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Implementation: Text

void Text::draw_lines() const

{
fl_draw(lab.c_str(), point(0).x, point(0).y);

}

I/ fl_draw() is a basic text drawing function from FLTK
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compiling/linking notes: How .exe file 1s created?

&
)l

Failed

success , -
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What are s/w libraries?

« C/C++ libraries are modules of
already-compiled code which are
accessed through code you will write.

- For example, GUI 1s a library that
provides a lot of the functionality you
would need to create FLTK GUIs,

- allowing you to work with FLTK without
having to write directly FLTK code.

« Compiling libraries 1s much like
compiling an executable, only the code
gets compiled into a non-executable
file instead.

HY150 Programming, University of Crete Lecture: Graphics Classes, Slide 37



Static & dynamic s/w libraries?

- Libraries come in two different flavors: static libraries and dynamic
libraries.

- A static library is specifically used at compile time, which means the libary
must be present in the correct location (often but not always somewhere 1n your
project folder) when you want to compile your C/C++ application, since it is
compiled into the executable, and indeed, the compiler knows it must be there
and will not compile without it.

- Under Windows, static libraries are usually suffixed .lib

- while under the *nixes (includes Android, 10S, MacOS), they are suffixed .a

- A shared library is only required to be present for use at runtime. Which means
you can compile your code without it. Since a shared library is not actually a
part of your application's code (although your application may need it to run
without failing).

- When you run your favorite games, you will often see DLL files hanging out in the
game's root folder, beside the executable. Those are shared libraries which the executable
will need to use when you run it. Under Windows, shared libraries are .dll.

- Under the *nixes, they are .s0. There are many differences undoubtedly, but the principle
1s the same.
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compiling/linking notes: g++ options I

- build an executable out of one input file (single stage)
- g++ -Wall -time -o chapter.9.2.exe chapter.9.2.cpp

- build an executable out of one 1nput file (two stages)
- g++ -Wall -time -O3 -DNDEBUG -o chapter.9.7.5.0 -¢ chapter.9.7.5.cpp
- g++ -0 chapter.9.7.5.exe chapter.9.7.5.0 -Istdc++

g++ FLAGS
-D definition
-03 optimize
-0 object
I . . - il ly (not link)
build executable out of two files (single stage) ol Do
-time show time

- g++ -Wall -0 Part3 Part3.cpp Rectangle.cpp

- build an executable out of two input files (two stages)
- g++ -Wall -time -O3 -DNDEBUG -o Part3.0 -¢ Part3.cpp
- g++ -Wall -time -O3 -DNDEBUG -0 Rectangle.o -c Rectangle.cpp
- g++ -0 Part3 Part3.0 Rectangle.o -Istdc++

- //linker options —Istdc++ vary according to different Linux-based systems
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compiling/linking notes: g++ options II

- How to build a static library (e.g. GUI)
- g++ -["" -Wall -time -O3 -DNDEBUG -0 GUI.o -c GUI.cpp
- g++ -I"" -Wall -time -O3 -DNDEBUG -0 Graph.o -¢c Graph.cpp

- g++ -["" -Wall -time -O3 -DNDEBUG -o Simple window.o -c
Simple window.cpp

- gt++ -["" -Wall -time -O3 -DNDEBUG -0 Window.o -¢c Window.cpp

- ar rcs libbookgui.a GUI.o Graph.o Simple window.o Window.o
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compiling/linking notes: g++ options III

- How to build an application on top of libraries (e.g. FLTK, GUI)

o« g++ -1"../GUI" -I"" -Wall -time -O3 -DNDEBUG -I/usr/local/include -
[/usr/local/include/FL/images -D LARGEFILE SOURCE
-D LARGEFILE64 SOURCE -D THREAD SAFE -D REENTRANT
-0 chapter.12.7.9-2.0 -c chapter.12.7.9-2.cpp

- g++ -0 chapter.12.7.9-2.exe -L"../GUI" chapter.12.7.9-2.0 -Istdc++
-lbookgui -Ifltk -1fltk 1mages /usr/local/lib/libfltk.a -1fltk jpeg —Ipthread
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Next lecture

- What Is class Shape?
- Introduction to object-oriented programming
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Thank you!
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