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double one(double x) { return 1; } [ly==

double slope(double x) { return x/2; } Il y==x/2
double square(double x) { return x*x; } [/ y==x*x
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M Function graphing
MExt

double one(double x) { return 1; } [/ y==
double slope(double x) { return x/2; } Il y==x/2
double square(double x) { return x*x; } [/ y==x*x
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How'db we E ri'i:e'code to do this?

 BReMOIK

Simple_window win0(Point(100,100),xmax,ymax," Function graphing"');

Function s(one,-10,11,0rig,n_points,x_scale,y scale);
Function s2(slope,-10,11,0rig,n_points,x_scale,y _scale);
Function s3(square,-10,11,0rig,n_points,x_scale,y scale);

winO0.attach(s); \

win0.attach(s2); . s
! , B 7 4] 69 X fo @
win0.attach(s3); -

win0.wait_for_button();
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const int xmax = 600:; // window size
const int ymax = 400;

const int X_orig = xmax/2;
const inty_orig = ymax/2;

const Point orig(x_orig, y_orig); // position of (0,0) in window
const int r_min =-10; // range [-10:11) == [-10:10] of x
const int r_max = 11;

const int n_points = 400; // number of points used in range
const int x_scale = 20; /Il scaling factors

const inty scale = 20;

I/l Choosing a center (0,0), scales, and number of points can be fiddly
I/ The range usually comes from the definition of what you are doing
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B Function graphing: label functions

one

w2

Text ts(Point(100,y_orig-30),"*one™);
Text ts2(Point(100,y _orig+y_orig/2-10),"'x/2");
Text ts3(Point(x_orig-90,20), ' x*x"");
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M Function graphing: use axis
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AXis X(Axis::x, Point(20,y _orig), xlength/x_scale, ""one notch ==1"");
Axis y(Axis::y, Point(x_orig, ylength+20), ylength/y_scale, "'one notch == 1"");
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| | | I | DI"IEI! I"IDT'I;h =‘I | | I | | I | I |
w2 [
s.set_color(Color::green); X.set_color(Color::red);
y.set_color(Color::red); ts.set_color(Color::green);
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= typedef A F 4 —~MNEH 2 L—~NEB (51 58)
 typedef int Color; // now Color means int

" B AN EEGHAHKER, Fct

 typedef double Fct(double); // now Fct means function
// taking a double argument
\ /[ and returning a double
1% 47, 69 & 25 41 =2 L

= & EA Fct Bl
double one(double x) { return 1;} //y==1
double slope(double x) { return x/2; } Il y==x/2
double square(double x) { return x*x; } Il y==x*x

USTC AUTO



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

1 E %“'Function” —_—

struct Function : Shape /[ Function is derived from Shape
{
/[ all it needs is a constructor:
Function(
Fctf, /Il fis a Fct (takes a double, returns a double)

double r1, // the range of x values (arguments to f) [r1:r2)

double r2,
Point orig, // the screen location of (0,0)
int count, /l number of points used to draw the function

I/l (number of line segments used is count-1)
double xscale , /I the location (x,f(x)) is (xscale*x,yscale*f(x))
double yscale

);
|
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Fufction € £/

Function::Function( Fct f,

double r1, double r2, Il range
Point xy,
int count,
double xscale, double yscale )
{
If (r2-r1<=0) error(‘'bad graphing range"'); < 4 6 1A
If (count <=0) error(*'non-positive graphing count");
double dist = (r2-rl1)/count;
double r =rl;
for (int 1 =0; i<count; ++i) {
add(Point(xy.x+int(r*xscale), xy.y-int(f(r)*yscale)));
) s dist Function # T 4 4% % # % € 694 & & A AR
}
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struct Function : Shape {
Function( Fct f, double r1, double r2, Point xy,
int count = 100, double xscale = 25, double yscale=25);

}

Function f1(sqgrt, 0, 11, orig, 100, 25, 25); // ok (obviously)

Function f2(sqgrt, 0, 11, orig, 100, 25); Il ok: exactly the same as f1

Function f3(sqgrt, 0, 11, orig, 100); Il ok: exactly the same as f1
Function f4(sqgrt, 0, 11, orig); /Il ok: exactly the same as f1
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#include<cmath> /I standard mathematical functions

// You can combine functions (e.g., by addition):
double sloping_cos(double x) { return cos(x)+slope(x); }

Function s4(cos,-10,11,0rig,400,20,20);

s4.set_color(Color::blue);
Function s5(sloping_cos,-10,11,0rig,400,20,20);
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A% m (<cmath>) s

= double abs(double); // absolute value

= double ceil(double d); /[ smallest integer >=d
= double floor(double d); I largest integer <=d
= double sgrt(double d); /[ d must be non-negative

= double cos(double);
= double sin(double);
= double tan(double);

= double acos(double); Il result is non-negative; “a” for “arc”
= double asin(double); /I result nearest to O returned

= double atan(double);

= double sinh(double); Il “h” for “hyperbolic”

= double cosh(double);

= double tanh(double); |

#t & £ doublei N Fo £double# &
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#&:ﬁ; & o <cmath>)

= double exp(double); // base e

= double log(double d); /[ natural logarithm (base e) ; d must be positive
= double log10(double); // base 10 logarithm
= double pow(double x, double y); Il X to the power of y

= double pow(double x, inty); // x to the power of y
= double atan2(double x, double y); /[ atan(x/y)

= double fmod(double d, double m); /[ floating-point remainder
/[ same sign as d%m

= double Idexp(double d, int i); // d*pow(2,i)

™ W Fo E 4
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double fac(intn) { /* ... */ } /I factorial A

double term(double x, int n) I/ x"/n!

{

return pow(x,n)/fac(n);

double expe(double x, int n)// sum of n terms of x

{

double sum = 0;
for (int 1 = 0; i<n; ++1) sum+=term(x,i);
return sum;
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int expN_number_of terms = 6; // nasty sneaky argument to expN
double expN(double x) // sum of expN_number_of terms terms of x
{

return expe(x,expN_number_of terms);
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Simple_window win(Point(100,100),xmax,ymax,"*"");

/ the real exponential :

Function real_exp(exp,r_min,r_max,orig,200,x_scale,y scale);
real_exp.set_color(Color::blue);

win.attach(real_exp);

const int xlength = xmax-40;
const int ylength = ymax-40;
AXxis X(Axis::x, Point(20,y_orig),
xlength, xlength/x_scale, ""one notch == 1"");
Axis y(Axis::y, Point(x_orig,ylength+20),
ylength, ylength/y_scale, "*one notch == 1"");

win.attach(x);
win.attach(y);
x.set_color(Color::red);
y.set_color(Color::red);
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for (int n = 0; n<50; ++n) {
ostringstream ss;
ss << "'exp approximation; n==""<<n;
win.set_label(ss.str().c_str());
eXpN_number_of terms =n; Il nasty sneaky argument to expN

I/ next approximation:
Function e(expN,r_min,r_max,orig,200,x_scale,y scale);

win.attach(e);

wait_for_button(); I/ give the user time to look
win.detach(e);
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struct Axis : Shape {
enum Orientation { X, vy, z };
Axis(Orientation d, Point xy, int length,
int number_of notches=0, /l default: no notches
string label = """ // default : no label

);

void draw_lines() const;
void move(int dx, int dy);

void set_color(Color); /I in case we want to change the color of all parts at once

/I line stored in Shape
I/ orientation not stored (can be deduced from line)

Text label;
’ = "_ﬁﬁ a‘iv 9 & - , V2 7 o‘
Lines notches: B Fe| B RER G E, LEEIREKE

1

USTC AUTO



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

Axis::Axis(Orientation d, Point xy, int length, int n, string lab)
:label(Point(0,0),lab)

{

if (length<0) error(*'bad axis length™);

switch (d){

case AXis::X:

{ Shape::add(xy); /[ axis line begin
Shape::add(Point(xy.x+length,xy.y)); /[ axis line end
if (1<n){

int dist = length/n;
int x = xy.x+dist;
for (inti=0; i<n; ++i) {
notches.add(Point(x,xy.y),Point(x,xy.y-5));
x += dist;
}
}
label.move(length/3,xy.y+20); / put label under the line
break;
}
/...

e TCAUTS



void Axis::draw_lines() const

{
Shape::draw_lines(); / the line
notches.draw(); // the notches may have a different color from the line
label.draw(); /I the label may have a different color from the line
}
void Axis::move(int dx, int dy)
{
Shape::move(dx,dy); /I the line
notches.move(dx,dy);
label.move(dx,dy);
}

void Axis::set_color(Color c)

{ 1 BT R4E—HAAG A4

Il ... the obvious three lines ...
}
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