





W\ Hands on

Koch
Generated by the Koch
program (see Listing
2), this fractal begins
with an equilateral tri-
angle. The generator
replaces the middle
third of each side with
two sides of an equi-
lateral triangle erec-
ted from the endpoints
of the removed seg-
ment, forming a Star
of David. The pro-
cedure is repeated for
edach generation.
Since the initiator
consists of three line
segments, the main
program calls the pro-
cedure kochr three
times, once for each
segment. The inter-
mediate points neces-
sary to create the sec-
ond generation define
Sour new segments
that become initiators
in recursive calls to
kochr:
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program koch;

const
§in60 = 0.8660254,
scaling = 100.0;
{xorig, yorig is center point of koch}
xorig = 250;
yorig = 150;
var

%1, 41, 82,42, n, 3, y3 :integer;

{Procedure to create nth generation curve}
{given two points that define the initiator}
procedure kochr (x1, Y1, 2, y2, n: integer);
var
xdiff, ydiff, x3, Y3, x4, y4, x5, yS : integer;
begin
{if n=1, draw the curve}
if (n=1) then
drawline(x1 + xorig, y! + yorig, x2 + xorig, y2 + yorig)
else
{otherwise create the next generation}
begin
{calculate the points of the next generation}
®diff := %2 - ¥1;
ydiff = y2 - y1;
%3 = %1 + round(xdiff / 3);
y3 := Y1 + round(ydiff / 3);
%4 = %1 + round(xdiff / 2 - ydiff * sin60 / 3);
yd = Y1 + round(ydiff / 2 + xdiff * sin60 / 3);
%9 1= X1 + round(xdiff * 2 / 3),
yS = Y1 + round(ydiff * 2 / 3);
{recursive calls to kochr far each new segment}
kochr{x1, y1, ®3, 43, n - 1);
kochr(x3, y3, x4, ud, n - 1);
kochr(x4, yd, xS, ys, n - 1);
kochr(xS, yS, ®2,y2,n - 1)
end;
end;

{Draw text window, prompt for n}
{Display drawing window}
procedure init (var n: integer);
var
drawwin : rect;
begin
hideall,;
showtext;
write(' Input order of curve:);
readin(n);
hideall;
drawwin.top := 40;
drawwin.left := O;
drawwin.right := 512;
drawwin.bottom := 512;
setdrawingrect(drawwin);
showdrawing;
end;

{main program to draw Koch curve}
begin
init(n);
{define initiator}
%1 :=0;
y1 := round{scaling * sin60);
%2 = round(scaling);
y2 := -round(scaling * sin60);
%3 := -round(scaling);
y3 := -round(scaling * sin60);
{call kochr for each segment}
kochr(x1, y1, ¥2, 42, n);
kochr(x2, y2, x3, u3, n);
kochr(x3, y3, x1, y1, n);
end.

Listing 2
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\\\\ Hands On

Dragon
The Dragon program
produces this fractal
(see Listing 3). Each
generation replaces
each line segment in
the previous genera-
tion with two line seg-
ments at a right angle
to each other: Like the
snowflake fractal, this
[fractal is an example
of how complex and
apparently inexplica-
ble patterns in nature
can be generated with
relatively simple rules.
The procedure drag-
onr takes the initiator,
which is defined by
three points, and cal-
culates two intermedi-
ate points. The result-
ing five points define
o new initiators,
which are used in re-
cursive calls to
dragonr:
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program dragon;

const
{Center point of dragon}
xorig = 250;
yorig = 180;
scaling = 100;
var

%1, 41, x2, 42, x3, y3, n: integer;

{Procedure to create nth generation}
{Given three points for the initiator}
procedure dragonr (x1, Y1, x2, y2, x3, y3, n: integer);
var
X4, yd, %5, Y5, ydiff, xdiff : integer;
begin
{If n=1, draw the curve}
if (n=1) then
begin
drawline(x1, y1, x2, y2);
drawline(x2, y2, x3, y3);
end
{Otherwise construct next generation}
else
begin

{Calculate next generation points}
wd = (%1 + x3) div 2);
yd = ((y1 +y3) div 2);

%5 1= %3 + (%2 - ®4);
yS = y3 +(y2 - y4);

{Recursive calls to dragonr}

{create succeeding genrations }
dragonr(x2, y2, x4, y4, x1, 41, n- 1);
dragonr(x2, y2, xS, ys, x3,u3,n - 1);

end;
end;

{Draw text window, prompt for n}
{Display drawing window}
procedure init (var n:integer);
var
drawwin : rect;
begin
hideall;
showtext;
write(' Input order of curve:);
readin{n);
hideall,
drawwin.top := 40;
drawwin.left := 0;
drawwin.right := 512;
drawwinbottom :=512;
setdrawingrect(drawwin);
showdrawing;
end;

{Main program to draw dragon}
begin
init(n);
{Define the initiator}
%1 := xorig + scaling;
yt :=yorig;
%2 = Xorig;
Y2 := yorig - scaling;
%3 = xorig - scaling;
y3 = yorig;
{Call dragonr to create nth generation}
dragonr(x1, ul, x2, y2, x3, y3, n);
end.

Listing 3
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\\\ Hands on

Snowflake

Produced by the Snow-

[flake program (see
Listing 4), this fractal
gives you some insight
into how snowflakes
grow in nature, al-
though it doesn’t have
(rue sixfold symmetry.
The initiator is a line
segment. The gener-
ator replaces each line
segment with seven
line segments defined
by 12 numbered
points, as shoun in the
[irst generation
(n=1).

The procedure
snowr takes the ini-
tiator and defines 12
intermediate points
that define 11 seg-
ments. Each line seg-
ment is used ds input
in a recursive call to
snowr.
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program snowflake;

const
{Center point of snowflake}
xorig = 250;
yorig = 230;
scaling = 100;
s =05773;
var

%1,41, %2, Y2, n:integer;

{Procedure to create nth generation curve}
{Given two points that define the initiator}
procedure snowr (x1,y1, x12, y12, n: integer);
var
ydiff, xdiff, i :integer;
{arrays store 12 points of next generation}
% : arrayl2.12] of integer;
y : arrayl2.12] of integer;
begin
{Calculate the puinis of the next generation}
X[12] = %12;
U[]Ql = gl?;
xdiff = %12 - %1;
ydiff .= y12 - yt,
®[10) = %1 + xdiff div 3;
yl10] =yt + ydiff div 3;
R[11] = %1 + (xdiff * 2) div 3;
gl 1] =yt + (ydiff * 2) div 3;
%(3] := x(10] + round(ydiff * s);
yl3) := y[10] - round(xdiff * s);
%19] := x[10] + round(ydiff * s / 3.0);
yl9] := y(10] - round(xdiff * s / 3.0);
x[8] := X[ 10] + round(ydiff * s * 2.0 / 3.0);
yl8) := y[10] - round(xdiff * s * 2.0 / 3.0);
w[2] = (%1 + x[3]) div 2;
ul2] := (y1 +yl3]) div 2;
x(4] := x[11] + round(ydiff * s);
yld] := y(11] - round(xdiff * s);
wl6) := ®[11] + round(ydiff * s * 2.0 /3.0,
yl6) = yl11] - round(xdiff * s * 2.0 / 3.0);
%[S] = (%12 + x[4]) div 2;
yls) = (y12 + yl4l) div 2;
%[7] = (x[8] + x[4]) div 2;
yl7]:= (ylal + yl4l) div 2;

{if n=1, draw the curve}
if (n=1) then
begin
moveto(x1, y1);
fori=2to 11 do
begin
lineta(x(il, ylil);
end;
lineto(x 12, y12);
end

{otherwise calculate the next generation)
else
begin

{recursive calls to snowr for each of the 11 segments}

snowr(x[2], ul2], 1, y1,n-1);
snowr(x[2], yl2], x[3], ul3], n - 1);
snowr(x(3], yl31, xl4], yl4l,n - 1);
snawr(x4], yl4], %[5], y[S], n = 1);
snowr(x(5], yls], x[6], yl6], n - 1);
snowri(x[7], ul7], x[6], yl6], n - 1);
snowr(x[7], ul7], x[8], ylBl, n - 13;
snowr(x[9], yl9], »(8], yldl, n - 1);
snowr(x(9], y[8], x[10], yl10], n - 1);
snowr(x(11], y(11], x(10], y[10], n - 1);
snowr(x[11], yl11], x[12], yl12], n - 1);
end;
end;

{Draw text window, prompt forn}
{Display the drawing window}
procedure init (var n:integer);
var
drawwin : rect;
begin
hideall,
showtext;
write(' Input order of curve:);
readin(n);
hideall;
drawwin.top := 40;
drawwin.left := 0;
drawwinright := 512;
drawwin.bottom = 512;
setdrawingrect{drawwin);
showdrawing;
end;

{main program to draw snowflake}
begin

init(n);
{define the initiator}

%1 := xorig - scaling;

gt :=yorig;
%2 := ®orig + scaling;
Y2 := yorig;

{call snowr to create nth generation curve}
snowr(x1, 4!, 2,42, n);
end.

Listing 4
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