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Learning Recursive Programs for non-CS students

SHINYA CHOt

This paper proposes a programming method of drawing fractals for novice students to learn
concepts of recursive programming. Using the method, students can draw various fractals
with little modifications. This method is applied to a classroom of introductory programming
course. Students could easily understand the behavior of the programs and could create their

own fractals.
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public void tree(Graphics g, int n, double x0, double yO, double len, double ang) {

if (n <= 0) { return; }

double x = len * Math.cos(radian * ang) + x0;
/1 BORED x R A G

double y = len * Math.sin(radian * ang) + yO;
/] KEDREED y R & F

g.drawvLine((int) x0, (int) (height - y0), (int) x, (int) (height - y)); // % A
[/ BRRFEED G2 B AT ORI

tree(g, n - 1, x, y, len * scale, ang - angle); // % B
// FAORZ ORI (FHRIFOMH L)

tree(g, n - 1, x, y, len * scale, ang + angle); // * C
// FEROR ORI (FHRIFOM L)

1 Java TEIIIBIAHHGR

public void drawTriangle(Graphics g, int times, int x[], int y[1) {

if (times < 1) { return; } /7 RV LD L KT DT

int x1 [1, y1 [1, x2 [1, y2 [1;

/* B OFEERE AT AT ORE */

x1 = new int[J{(x[0] + x[1]) / 2, (x[1] + x[2]) / 2, (x[2] + x[0]) / 2};
y1 = new int[1{(y[0] + y[11) / 2, (y[11 + y[2]) / 2, (y[2] + y[0]) / 2};
g.drawPolygon(x1l, y1, 3); // % A

/x BARLSO=ZATEIR LTV IR L =ATEZ il * B */

x2 = new int[1{x1[0], x[1], x1[1]1};

y2 = new int[I1{y1[0], y[1]l, y1[11};

drawTriangle(g, times - 1, x2, y2); // =ATAEm OBIRIFOH L

x2 = new int[1{x1[2], x1[1], x[21};

y2 = new int[I1{y1[2], y1[1l, y[21};

drawTriangle(g, times - 1, x2, y2); /] ZATGHEE O IR0 L

x2 = new int[1{x[0], x1[0], x1[2]};

y2 = new int[1{y[0], y1[0], y1[21};

drawTriangle(g, times - 1, x2, y2); // =ATAEE OBIRIFOH L

2 Java TEIMINEFY A7 v b

public void drawKoch(Graphics g, int n, double angle) {

double x, y, angleR;

if (n <= 0) { /1 b D EISAIRVREE (ke A)
angleR = Math.PI / 180 * angle; [/ EHEAED T VT I
x = length * Math.cos(angleR) + xOrig; /] WD x FEFEfE
y = length * Math.sin(angleR) + yOrig; /] KD y FEFEfE

g.drawLine((int) xOrig, (int) (200 - yOrig), (int) x, (int) (200 - y));
// ERROH

x0rig = x; /] RO % BRI

yOrig = y; /] WD s % LRI

return;
}
// *B
drawKoch(g, n - 1, angle); // 2y R RIEHEE O FHFIEOH L
drawKoch(g, n - 1, angle + 60); // = v RMEMEOFIRIFEOH L (60 EJ51M)
drawKoch(g, n - 1, angle - 60); // 2y ARREHBEOFRFORH L (-60 1)
drawKoch(g, n - 1, angle); // =y AR BUEHREE O BRI O L

K 3 Java CTHEH -2 v AR
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