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1. Context — Scales / Levels-of-Detall

Individual Trees Axes Growth Units Internodes / Buds / Leaves / etc.
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* Godin & Caraglio (1998) Multiscale Tree Graph (MTG) *



Tree Scale

Internode Scale

Internode Scale

Tree Scale

Internode Scale
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Multiscale Modelling Framework *
# Ong et al. (2014), E (2011)
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2. Multiscale (MS) Grammar. - Problem

G Tree
3 (g3)
L~ [
U (g0) [ @)X ()

Growth Units
XL Syntax / Rule:

Edge Labels: > Successor
+ Branching
/  Refinement



A data structure consisting of 3 graphs: Structure of scales,
type graph, instanced graph

A
Individuals <-=-=-=----=-=-===----- Tree (1)

Axes 4= ) ‘*‘Axw(zl)/\

l Voxel Voxel (t )

Growth Units - / . TR GU(IZ) J
Organs<-----------* "= (1) Leaf (1)
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A: Structure-of-Scales B: Type Graph



Individuals

Voxel Space . __ 7 D
Voxel A1 ;
(812) A1
seme P
Voxel (g13) L

Voxel (g;s)

C: Instanced
Graph

B: Type Graph




Rewriting: The simplest case (l.h.s. of rule specified for each
scale)

structure-of-scales T
R A{
3-Part Graph l /l
Model ) N B (t)
Rg
| A (rg) =4 (r)
Production p: — /l /l
{RUl€) B (r) —>—>B (1)
__ H
Derived A (r‘o)i»A/ () ——4 (r%)i-A/ @
Instance / l l / l l

Graph B(r')——>B (') ——>B (*)—>B (")



Rewriting: L.h.s. specifies only an organ at finest scale,
generation of new entities at higher scales in r.h.s.

structure-of-scales T G
GUs<+--="""" il -GU (g))
| A 2 /
3-Part Graph 5

-------- il
Model R : (IGZ\_’J/BM'(II)* ----- |B”d (80)

~ '
™ I
\\... + /

-~ 4
-~ s
b L
= - -

-
- =

Lg R
GU(ry)

Production
(Rule) ¢ [BudG)}—> /)

1(ry) —=>1(r,)—=>Bud (r,)

H
Derived GU(g) | - > GU (r'y)
Instance / ~L /|

Graph [("y) —==>1(',) —=—Bud (')



XL syntax for 3-part graph structure and for rewriting

structure-of-scales T G

3-Part Graph
Model

==
[ /> SRoot
/> a:Axes
/> g:GUs /> I:IBs

]
/> TypeRoot

[> al:AxIs GUr)
/> g1:GU g Bud ) |—> rd
[> {#11:112:Bud #}, Hr) ==1(r)——>Bud (ry)

a+>al,g+>0gl,i+>{#ili2 #};

Production (Rule)
Bud ==> ||[Axis GU | Bud ]|GU | Bud;




Example

Graph before rewrite Graph after rewrite

o

(»)

©

Bud ==>'Internode | Axis Bud] Bud ;

Scale:

@ Tree (@) Axis (©) organ

—» Refinement =— P» Successor - Branching



Solution using multiscale grammar:
Bud ==> Internode [ Axis Bud | Bud,;

Solution using indexes to associate objects:

module Internode(int axis) implements Organ;
module Bud(int axis) implements Organ;

b:Bud ==> {
removeOrganFromAxis(b.axis, b);
Int latAxis = createAxis(b.axis);

}

I:Internode(b.axis, 1)
[bl:Bud(latAxis)]
ba:Bud(b.axis)

{addOrganToAxis(b.axis, I); ...}



XL implementation of the observer pattern for information
exchange between scales

scale Axes; protected void init()
scale GUs; [
scale IBs; ==>>"
[ /> SRoot /> a:Axes
Module Axis; /> g:GUs /> i:lbs ]
Module GU; /> TypeRoot /> al:Axis
Module [; [>gl:GU /> {#il1l:l i2:Bud #},
Module Bud,; a+>al,g+>gl,i+>{#I112 #}

{a.observe(i,0,"axesGrow”);};

AXxiom ==> ...

]

public void organGrow()[ Bud ==> | [Axis GU | Bud ] GU | Bud ;
I1IBs ::> {i.notify(0);} ]

protected void axesGrow() [
a:Axis ;> {a.length = sum((* a /> /> | *).length);} ]



The most simple example:

static int EVOLVE = 1;

scal ecl ass A(fl oat |en);
scal ecl ass B;

protected void init ()

[
]

Axi om ==> a: A(1) b:B, {b.observe(a, EVOLVE, "nl);};

public void run ()

[
]

a:A ::> {a.notify(EVOLVE); }

protected void m)
[

]

b:B ::> {println("someting has changed");}



Thank you for your attention!
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