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AN ELEMENTARY GEOMETRIC CONSTRUCTION PERFORMED
BY A COMPUTER

Vvasile BERINDE and Owidiu COSMA

The aim of thiz note is= to solve and extend an elementary
geometric censtruction preblem using a computer. The obtained
alghorithm and the corresponding program can be used in computer
alded lessons.

Pl. Construct, with the aid of a pair of compasses and a ruler,
a triangle having the same area as a given convex guadrilateral.
{Problem 4, page 14, [2]1)
Solution. Let ABCD be the gilven guadrilateral. We draw a
diagonal, say AC and then we draw a parallel d to this diagonal,

passing by D. For each Med we have

Area of DAC = Area af MAC .

Based on this property, the construction feollows immediately: let
E be the point of intersection of BC and 4. Then EEA is the
regquired triangle.

Remark. The convexity hypothesis of the quadrilateral 1=
essential in the solution of preoblem FP1l. It is also easy to see
that the construction can by iteratively applied for a convex
pentagon: in the first step we construct a convex quadrilateral
having the same area as the given pentagon and then, using Pl we
abtain the desired triangle. In this case it was necessary to draw
two diagonals in the given pentagon.

In the same way we can solve a more general problem
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P2. Construct with the aid of a pair of compasses and a ruler a

triangle having the same area as a given convex polygon.
Solution. Let AA....A. be the given convex polygon, n=4.

We draw the diagonal AA, and a parallel d, to AM,, passing by A,.

For each Me(d,) we have

Area of A AA, = Area of MA A,

Let E, be the point of intersection of 4. and AA,; then the area

of the polygon A.EA....A, egquals the area of the given convex
polygon.
Now, if n=4, the problem is completely solved. Otherwise, we draw
the diagonal A A, and a parallel d, to AA,, passing by E,, and so on.
The claimed triangle is obtained when we can't draw a diagonal,
that i=s when we just finished to do the corresponding construction
to the diagonal AA,... In this case, if E_, is the point of
intersection of 4. and AA,. ., then the triangle AE_A is the
reguired triangle, i.e.

Area of AjA,...A, = Area of A.E A,

-1

Remark. This alghoritm may be easely programmed on a computer
in order to be uszed for computer aided lessons. Here is the text of

the program written in € language on an IBEM PC compatible computer.
Finally, the construction for n=5 is given.

£ EQUIVALENT TRAWSFORMATIONS OF PDLTGDHS

J.-'ll.r' __________________________________

S/ initial polygons coordinates are taken from file "FIGURI",

Ff .inm the following format:

! 51n1x1,31,I21FE,13313 ‘o

A % indicates beginning of figure data;

J/4 n = number of corners of the polygon:

JPowi, yi = corner coordinates. The file can hold maximum 20 figures.

#include <graphics.h>
#include <stdlib.h>
finclude <stdio.h:
#include <conio.h>
#include <math.h>
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struct pt{
float x;
float y:

ki

void despol{int, struct pt[]);

void blink({int, int, struct pt[]., int):

void show_line(int, int, int, int, int, int);
void show_circle(int, int, int, int, dint):
void endsound(int);:

struct pt inter[2], interZ[2]:
int maxx, maxy;

int nr_int;

int main{void)

FILE ™in;

int figuri[20], cda, J;

int i, m, t;

float xk, vk, x, ¥, %1, x2, ¥1, v2, %3, ¥3, x4, ¥4, a, b, c, d, m;
struct pt pol[10], tril[3];

int gdriver = DETECT, gmode, errorcode;

initgraph{&gdriver, Sgmode, "");

errorcode = graphresult();

if (errorcode != grik)

printf{"Graphic mode error: %shn", %
grapherrormsg(errorcade));
printf{"Press any Key™);
getch( )
} exit(l):
maxy = qgetmawxx();
maxy = getmaxyl);

Jf main loop
TR i b waie 5w g L Sl ST R R
while(l){

setbkcolor(BLACK ) ;

clrscrl);

cleardevice();

S open file "figuri®

if {(im = fopen("figuri", "rt")) == NULL)

fprintf{stderr, "Read error \n"};
return 1;

//search all the figures in the file
i=0;
while (!feof{in)){
if (fgetc{in)=="%"})
fscanf(in, ".%d", &Figuri[i++]);
}i
printf("\n\nThe file contains the following figures:");
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far{j=0; J<i; Jj++) :
printf{T\n{%d) n = %d", j+1, figurilil);
/¢ let the operator choose a figure
printf("\nynindicate the figure by pressing the associated number °
wnN=No. of figure / Q=Exitin"});
scanf("%d", &cda);
if{cda==0)
break ;
//get the selected figure data
3=0;
feseek(in,0,SEEK SET);
while {!feof(in) && j!'=cda){
if (fgetc(in)=="%")
jt+s

}i

fscanf(in, ",%d,", &n);

for(i=0,j=0; i<n; T++}{
fscanf(in, "%d.,”, &t}; pol[jl.x=t;
fscanf{in, “%d,", &t): pol[ j++].y=-t;

t
fclose(in);

dof
/{ show the original polygon
setfillstyle{SOLID_FILL,BLUE);
setbkco lor (LIGHTGRAY ) ;
cleardevice();
despol({m, pol);
getchl )s

/¢ loop for subsequent transformat ians

/¢ unify points 0 and n-2
show 1ime{pol[0].x, pel[0].y. pol[n-2].x, pal[n-2].¥.%
DARKGRAY, WHITE):

/{ draw a parallel to the previous line
m;{pn1[ﬂ].y—pn][n-E].jjj[pn1[U]-x-pul[n-E].x}:
nr_int=0;
xk=pol[n-1].x; yk=polln-1].¥:
y=yk*( - k)

PF{y>=0 && y<=maxy){
inter[nr_int].x=0: inter|nr inte+].y=¥i

y=yk+m* [ maxx-xk);
if(y>=0 L& y<-maxy){
inter[nr_int].x=maxx; inter[nr_int++].¥=¥;

}

w=[ -yk )} /menk;

iF(x>=0 && x<=maxx && nr_int <231
inter[nr_int].x=x; inter[nr_int++].y=0;

}
= maxy-yk ) /mxks
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if[w>=0 && w<-maxx &% nr int <2}
inter[nr int].x=x; inter[nr_int++]. y=maxy;
}

setTinestyle(SOLID LINE,1,1):
show_line(inter[0].x, inter[0].y, inter[1].x, inter[1].¥, %
DARKGRAY, YELLOW);
/fdraw the line that passes through the points n-3 and n-2
xl=pol[n-3].x; yl=pol[n-3].y;
x2=pal[n-2].x%; y2=pol[n-2].y;
nr_int=03
y=-x1%(y2-y1)/{=2-%1)+yl;
if(y>=0 && y<-maxy){
inter2[nr_int].x=0; interZ[nr_int++].y=y;

y={maxx-n1)®(y2-y1)/(%2-%1)+y1;
ifiy>=0 && yo=maxy){

inter2[nr_int].x=maxx; inter2[nr_int++].y=y;

i

K=-yl1*(x2-x1)/(y2-y1)+x1;

if({x>=0 && x<=maxx && nr_int <2)/{
inter2[nr_int]_ x=x; inter2[nr_int++].y=0;

;

]

k=(maxy-yl)*(x2-x1)/(ye-yl)+xl;

if(x»=0 && x<=maxx && nr_int <2}
inter2[nr_int].x=x; inter2[nr_int++].y=maxy;

!

show_line{inter2[0].x, inter2[0].y, inter2[1].x, inter2[1].y, %
DARKGRAY, YELLOW};

Jf find the intersection coordinates and store them in x,y
xl=inter[D].x; yl=inter[0].y; x2=inter[1].x; y2=inter[1].y;
¥3=inter2[0].%; y3-inter2[0].y; x4-inter2[l].x; yd4=interZ[1].y:
a=y2-yl; b=x2-xl; c=yd-y3; d=xd-x3;
x=(b*(d*y3-c*x3)+d*{a*x1-b*yl})(a*d-c*b]);
y=a¥®[x-ul)/b+yl;

J show intersection
setlinestyle{SOLID LINE.1,3);
show circle{x, y, 5, DARKGRAY, LIGHTMAGENTA);

// show the 2 equivalent triangles
setfillstyle(EMPTY FILL,.1):

Jf first
tril[0].x=pol[0].x; tril[0].y=pal[0].¥;
tril[l].x=pol[n-2].%; tril[l].y=pol[n-2].¥;
tril[2].x=po1[n-1].%; tril[2].y=-pol[n-1].¥;
b1ink {DARKGRAY, LIGHTGREEN, tril, 3);

[ second
tril[0].x=pol[0].x; tril[0].y=pol[0].y;
tril[l].%=pol[n-2].x; tril[l].y=pol[n-2].¥:
tril[2].x=x; tril[Z].y=y;
blink {DARKGRAY, LIGHTRED, tril, 3):

A7 continues the transformation with n-1 points
==}

S/ move the point mn-1 in the intersection of the 2 lines
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pol[n-1].x=x; pol[n-1].y=y;
Jf show the equivalent polygon
b1ink {DARKGRAY, WHLIE, pol, n);
cleardevice( };
setcolor (WHITE);
sound(1500);
delay(50);
nosound( ) ;

while(n>3);

/¢ show the final polygon
seftfillstyle{50LID FILL,BLUE);
despol(n, pol);
getch():
cleardevice():
endsound(60);

A7 oclean up */
closegraph{ );
return 0;

void show circle(int x, int ¥, 1nt r, int colorl, int colord){

Rt ik it S
whilell)}{

setcolor{colorl);
circle(x,y,r);
delay(200);
setcolor{colord);
circle(x,y,r);
delay(200});

if(kbhit{)){
getch():
break;

I

¥

t
vold show_line(int x1, int y1, int x2, int ¥2, int colorl, int color2){
while(l){
setcolor{colorl);
Tine{xl, ¥1, x2, y2);
delay(200);
setcolor{color?);
Tine{x1, y1, x2, ¥Z};
delay({200);
if(kbhit() )4
getch{)};
break ;
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void blink{int colorl, int color2, struct pt fig[], int n){

while(1){
setcolor{colorl);
despol(n, fig);
delay{200);
setcolor(colorg);
despol{n, fig):
delay(200);
if(kbhit()){
getch():
break;

}
vold despol{int n, struct pt p[1){

Jf prepare the corners
int poly[20];
int i,J;
for(i=0, j=0; i<n; i++){
poly[ je+]=p[i].x;
poly[J++]=p[i].¥;

S close the polygon
pﬂly[q++]-p{ﬂ].x;
poly[jl=p[0].y¥:

/¢ draw the figure
setlinestyle(S0LTID_LINE,1,3);
fillpoly(ntl, poly);

void endsound(int 1){

ffmemmm s
sound({800);
delay(i);
nosound( };
delay(i);
sound{1500);
delay(i);
nosound( };
delay(i);
sound({ 20007 ;
delay(i);
nosound{ };
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