processing.ooengl.®;
inmport igea.*;

0
(BB, &g, 1G.GL);
1G.updatelate(B.B1);

Ia.pers{};
IRand.anit{%a); // randomness sequence vardable
W Spiraligent{la.v(@, B, &), Ia.wilad, &, &), Ia.wid, @, B.2% 1, null});

SpiralGenerator(};

SpiralGenerator Iagenty
update | b
(time{)=sd){
Spiralagent{1G.w(@, 8, @), lG.vw(180, B, @), l&.v(-@.82, B, 8.25), 1, ¥;

)

[time{)=a1ia){
Spiralagent{1G.w{48d, 8, 8], 1G.v{-188, &, @), l&.v(@.B5, @, #.25), 1, i

[time(}==15871
Spiralagent{l1G.v({20&d, -388, @), IG.v(E@, B, 8), IG.w{@, -8.85, B.25), 1, 1

time( j==2a8]{
Spiralagent(1G.w(48d, -d88, @), I6.v(128, B, @), IG.v(p, -0.8%, &.25), 1, ¥;

Spiralagent lagent {
I¥ec center, radius, axis, root;
initRadius;

generation;
isfollidings
SpiralAgent parent;
Curve curve;
anglebivisions=éd;
<SpiralAgent> childdgents ;

ISurface cane;

staleFactor = 1.082;
slooeangle;

I¥ec prevChildPas; i

SpiralAgent(I¥ec cnt, Ivec rad, IVec axs, gen, Spiralagent par) { i o
center = cnt;
racius = rad;
axls = aws]
generation = gen;
parent = par;
rant = center.cpll;
initRadius = radius.len();
childagents = cspiralagents»();

slopeangle = i ¥axis.len{ )/ (scaleFactor=1.8) /radius. lan{i));

e = IG.cama|roct, roat.cplaxlis.cp lemi tand (+loat )slopefing le ) *radius. lenl J¥scalaF ir |

updatal) {
[isColliding){
ficurvel=rull){ curvae.clr(l.B, &, @);
oel{};
}
[

Ivier pos = center.cp{]. [racius]);

PHASE 1

{time{)==R}) {

b | : Definition and organization of the “fractal broccoli's form” (special organization of - definition of the spirals grnwth’s Drigin (grey |iI"|ES}

deCP{pos) ; sub peaks - red circles): spirally arranged segments which are identical copies of the i : : :

whuf’; base unit ,;ﬂuweal_ et i i - beginning with the first generation (orange lines)

IVer axisZ = radius.cp{}.rotiracius. [axis), PI/Z-slopeangle); . . .

e el ol 50 o e oo, e T Broohl Hiraristig SIS Sactal Stuctus IR L e br pietaE v voldt formation of the boundary geometry related to the first generation
e i e GUEET metric dimensions. If we look at the perimeter of the Broccoli Romanesco we can see

axisd. lan{axis. len{}*8.2);

radius2. lan(radius, lon( }*8. 125); an outline that bares a 'rough’ resemblance to the Koch curve.

Spiralagent child = spiralagent{pos.cp{}, radius?, axis2, generationsl, this);

child.clr{255, 148, B); J
childagents, {chila); j-... 5

{generation==2) { . )

[1G.time()E1d == 8 ) | g\r— o qﬂﬁ
axis2. lan{axis.len{}*8.2); i P qﬂjﬁ;d P e

radius2. len{radius, len( )*B.15];

}

Spiralagent child = spiralagent{pos.cp{}, radius?, axis2, generationsl, this);
child.clr{34, 139, 34);
childagents, {child);

: :I: I | : :I : : : : ;:.I:.:"I:I'.l F. I.. II II. |II I|:|..illl: II' .':I ; ; ] o EEPLLs, 1,8
{previhildPos |= M

] . Ly 5 - - & - P - &

S e It's visible a continuos jaggedness seen at different levels of magnification even at a

TR Gl close distance. The measurement of the jaggedness of this irregular boundary is its

) perimeter dimension. We can measure its dimension by comparing the number of

squares containing its perimeter at different grid sizes. 2 D
preration==3} o
tm.ffm[]m -= @) E 15-'*‘.'.' B e

axis2. len{axis. len{}™8.1);

radlusz. Jen{radlus . lant)*a.13: Cutting it in a half, it's revealed cross sectional slice gives a view of it planar dimen-
i et e e g Rl gl i - sion. By measuring the number of squares that are filled at different grid sizes a com- ﬁ"* )

new ICu LPOE . SR ) evChil LdPos ) ;

e ot parison can be made that corresponds to its planar dimension. Notice its self-similar y
S uriathos- cals e ERdiifoR branching structure that can be seen to at least 4 levels. Looking in its entirety, its s =
form gives a view of its volumetric dimension. If you look closely at its top regions you Py f = ’

Giail INBELER D can see the same type of spiral cones that you see from a distance only smaller. This b e

} self similar structure can be seen to at least 3 levels of magnifications. = WY o=/ d ‘\

}

pravChildPos = pos,cpl);

[ 1isColliding) {roat, scaleFactaor);

center.add{axis);
radius.rot{axis, 2'PIfanglerivision);

I
h

{Ivec cnt, factor} {
ract . {cnt, factar);
canter. {cnt, factor);
/i gl=nully |

30 RENDERING OF THE GROWTH SYSTEM 14 . /AR £ ;'J

va.scalelont . ¥actar)

i i=8; icchdldagents. £ 1w} {
childAgents.geti{i).scalalcnt, factor);
b
initRadius == factor;
c stale{cnt, factor);

interactio cIDynamdcs» agents]) {
isCallicing= L
i i=8; icagents. ()] BR lisCalliding; fes) |
{agants, {1l Spiralagent) {
Spiralagent a = (Spiralagentlagents.get{i);
{2 |= EE a.generation==ganeration) |
if {a.root. {root) « initRadius + a.indtRadius) |
isColliding = i~
T16.p{ "callicing®);

PHASE 2

« IPoint(a.root.mid{root)).clr(l.,8,1]);

- origin and development of the second generation of growth from the first one (green lines)
- formation of peripheral cores
- development internal geometry resulting in the perimeter

anchar Tagant(
I¥ec pos;
IPoint i
SplralAgent root;
Anchor(I¥ec p, Spiralagent s)
paE = p;

oot se from SINGULARITY to MULTIPLICITY

{roat, parent|= i{ root = root.parent; }

interactin cIDynamics» agents} {

(tima{}=-8){
t{ap;:’: Tt?ﬁm' 3 ;All.:.l& { 1 - Horizontal development of the structure examined 2 - Definition and development of add-ons starting

*"r“f"‘l"' ;hf*"rm"‘ﬂﬁ""“- (1) ( Broccoll Romanesco) with the identification of the origi-  from primary forms (decentralized cores for the
[?a.:w:lt :-:IrénTH nal cores for the development of the system of formation of new ramifications).

(3.pos.dict{pos) < 25 &k T-P*:*l-1 : (pos) » 18 K& IRand.pct{2@)) { growth (spiral line black); Fibonacci sequance repeti-
y N IFYiEy PG, I s ry [ D By

1 ' e : tion.
}

[a.pas. {pos) « 7B B% a.pas, (pos) » 48 K& IRand.pct{l)) | T =
N TCUPVE] pos, ins).cle{l. ,B8,1,8.2); 'E’ d

— )
% — i he
} S @ i "":"-:'-’_ R
i |4 A0 . egl'- LT o i -
W ]
gt s
(TRant.pct{@.8a5)) | ﬂ-‘%«!ﬁ b ’

{a.root == root){ S/ in 3 same broccord

e TCUrya 5 }.cir(l. 8,1,8,.2); < es

o o
e

il

updatal b 2
[time(}==58){/F delete later to run faster =
: q!iub

oall];
spdnt . del();
H
} K
} ; ) :

A4
L

3 - Recognition and stabilization of focal center points 4 - Final horizontal performing: branching agants with
(red dots) and the resulting from the collision rules (blue  a collision detection algorithm using intersection of line
dots): CONNECTIVITY DIAGRAM and GENERATIVE  segments, with the creation and propagation of aggrega-

PATH SYSTEM. tive nucleus as a function of the collisions.
A
9 X A%
P Lo .-' >
- | .1- '_q.':;d:i“"j Sy ot L -.
® &= JERSRRe A

e K | R main vector
hoR AT

ADVANCED CODING FORM - i > e
Spring 2013 PHASE 3

KA P - origin and definition of the various ratios of collision with consequent arrest of growth (red lines)
b ! - ultimate definition of the geometry with peripheral bonds within the limits of the predefined distances

Satoru Sugihara
Federico Pessani
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