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course outlook
key events coming up

m Labs: 35% (ISE-483)

e Complete 5 (best 4 graded) assignments based on algorithms
presented in class

m Lab 1 : February 10t

e Measuring Information (Assignment 1)
m Delivered by Shayan Esfarayeni
m Due February 17t,

m Lab 2 : February 24th

e L-Systems (Assignment 2) \_ bit.ly/atBIC /
m Delivered by Rik Pardun

m Due: March 3rd

m SSIE — 583 -Presentation and Discussion: 25%

e Present and lead the discussion of an article related to the class materials
m Enginet students post/send video or join by Zoom

e Papers need to be assigned!
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final project schedule

Projects
e Due by May 7th in Brightspace, “Final Project 483/583” assignment
= ALIFE 2025

e Not necessarily to submit to actual conference due date
m  May 4 full paper, July 4, abstract

https://2025.alife.org/
Max 8 pages, author guidelines:
https://2025.alife.org/calls#paper-call

e MS Word and Latex/Overleaf templates
m Preliminary ideas by March 7

e Submit to “Project Idea” assignment in Brightspace.

e Individual or group
m  With very definite tasks assigned per member of group

ALIFE 2025

Tackle a real problem using bio-inspired
algorithms, such as those used in the labs.

ALIFE 2025

Ciphers of Life

The 2025 Conference on Artificial Life
6-10 October; 2025
Kyoto, Japan

bit.ly/atBIC

Reusing and expanding labs is
highly encouraged.
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SSIE-583 - presentations

schedule

m | March 3rd, 2025

e Emad Abed
m Scheffer, Marten, et al. "Early-warning signals for critical transitions." Nature 461.7260 (2009): 53.

e Optional: Leemput, Ingrid A van de, Marieke Wichers, Angéli%ue O J Cramer, Denny Borsboom, Francis Tuerlinckx, Peter
Kuppens, Egbert H van Nes, et al. "Critical Slowing down as arlg Warnm%-for the Onset and Termination of Depression.”
Proceedings of the National Academy of Sciences of the United Sta merica 1

tes of 11, no. 1 (January 2014): 87-92.
e Shayan Esfarayeni

m Manicka, S., M. Marques-Pita, and L.M. Rocha [2022]. Effective connectivity determines the critical
dynamics of biochemical networks. Journal of the Royal Society Interface. 19(186):20210659.

¢ Rik Pardun

m Lindgren. K. [1991]."Evo|utionar% Phenomena in Simple Dynamics." Ing Artificial Life II. Langton et al
(Eds%. Addison-wesley, pp. 295-312.
e Optional: Hinton, G.E. and S.J. Nowlan [1987]."How learning can guide evolution." Complex Systems. 1, pp.495-502.

e Kaeli Ahn

m Papadopoulou, Marina, Hanno Hildenbrandt, Daniel W. E. Sankeﬁ, Steven J. Portugal, and Charlotte K.
Hemelrijk. “Self-Organization of Collective Escape in Pigeon Flocks."” Edited by Feng Fu. PLOS
Computational Biology 18. no. 1 (January 10, 2022): e1009772.

m April 22, 2025
e Rik Pardun
m Conrad, M. [1990]. "The geometry of evolution.” Biosystems 24: 61-81.

e Ngo Tuan Kiet

m Garg, Shivam, Kirankumar Shiragur, Deborah M. Gordon, and Moses €harikar: “Distributed Algorithms
from Arboreal Ants for the Shortest Path Problem.”Proceedings of the National Academy of Sciences 120,
no. 6 (February 7, 2023): €2207959120.

bit.ly/atBIC
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Instructions for presentations:

Students are assigned to papers as lead discussants, but all students are supposed to read and
participate in discussion of every paper. During class, a lead discussant prepares a short summary of
the paper (15 minutes). The summary should:

1) Identify the key goals of the paper (not go in detail over every section);
2) What discussant liked and did not like;

3) What authors achieved and did not;

4) Any other relevant connections to other class materials and beyond.

After summary, discussion is opened to all, and role of lead discussant is to lead the discussion to
make sure we address the important paper contributions. Also, discussant should prepare 2-3
discussion questions.

Upcoming Presentations:
e March 3rd, 2025
Emad Abed

o Scheffer, Marten, et al. "Early-warning signals for critical transitions.” Nature461.726(
(2009): 53.

= Optional: Leemput, Ingrid A van de, Marieke Wichers, Angélique O J Cramer,

Denny Borsboom, Francis Tuerlinckx, Peter Kuppens, Egbert H van Nes, et al.

rocha@indiana.edu
casci.binghamton.edu/academicsl/i-bic
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readings for this class
Additional information

m Class Book

e Floreano, D. and C. Mattiussi L2008 . Bio-Inspired Artificial Intelligence: Theories, Methods, and
Technologies. MIT Press. Preface, Sections 4.1, 4.2.

m Nunes de Castro, Leandro 20061:' Fundamentals of Natural Computing: Basic Concepts, Algorithms, and
Applications. Chapman & Hall. Chapter 1, pp. 1-23. Chapter 7, sections 7.1, 7.2 and 7.4 — Fractals and L-
Systems, Appendix B.3.1 — Production Grammars

m Lecture notes
e Chapter 1: What is Life?
e Chapter 2: The logical Mechanisms of Life
e Chapter 3. Formalizing and Modeling the World
m posted online @ casci.binghamton.edu/academics/i-bic
m Papers and other materials

e Optional
m Wigner, E.P. [1960], "The unreasonable effectiveness of mathematics in the natural
sciences". Comm. Pure Appl. Math., 13: 1-14.

m Flake’s [1998], The Computational Beauty of Life. MIT Press.

e Chapter 1 — Introduction
e Chapters 5, 6 (7-9) — Self-similarity, fractals, L-Systems

RN @SN el | rocha@indiana.edu
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modelling organization in the World
Hertzian scientific modeling paradigm

— —_ Logical predictions

initial scientific | Consequences 2999

conditions model grrs
observations

Symbols

“Every empirical law has the disquieting quality that one
does not know its limitations.” E. Wigner [1957] in “The
Unreasonable Effectiveness of Mathematics in the Natural

Sciences”

Encoding>

Natural Laws

“The most direct and in a sense the most important problem which our
conscious knowledge of nature should enable us to solve is the
anticipation of future events, so that we may arrange our present
affairs in accordance with such anticipation”. (Hertz, 1894)

1 33IN(@ 2PNV )M | rocha@binghamton.edu
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design principles

ON GROWTH
AND FORM

The Complete Revised Edition

artificial growth

m D’Arcy Wentworth Thompson (1860 - 1948)
e On Growth and Form (1917), laid the foundations

of bio-mathematics

m Equations to describe static patterns of living

organisms
e Shells, cauliflower head, etc.

m Transformations of form changing a few parameters

BINGHAMTON
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D’Arcy Thompson

Humy

Arthur, W3S DRI/ THOMpson and the theory of frdfistormations.” Nattire Reviews Genetics 7.5 (2006): 401-406.
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D’Arcy Thompson

Human skull

Chimpanzee skull

Baboon skull

Copyright £ 2006 Nature Publishing Group

Fig. 517. Argyropelecus Olfersi.

transformations of form

il =
,
AN
L= L7
T [

| ) A

- o

L ot P
e ¥ o
y.

Hature Reviews | Genetics

BINGHAMTON

UNINER S ] TY

STATE UNIVERSITY OF NEW YORK

il | 1 ¥

e i
.. 2L A7~
,'-,,9.'-‘76””'.

e~ ---‘?"—'.‘..‘ >/
=T - - ]

----_—.-‘

Horse's skull.

rocha@binghamton.edu
casci.binghamton.edu/academics/i-bic




- 2 e (1B @ 0D EDe @ @ B @ @ @ @ @ &« B E ~ H G O H s

o + - 0o X
5 € % life-inspiredblogspotcom ) = O 4 @
AddtoClass  Lab [ My Dashboard | my... @) SUNY RF - RF ForS... @) Report Center Login.. (@) The State University... &) The State University... [ Radius Autt F Workflow Assignme... ] R&A Form | myBing. »

B

life inspired

SSIE-483X/583X: evolutionary systems and biologically inspired computing

Sunday, February 09, 2025

Lecture Notes (Chapter 2): The Logical Mechanisms of Life
lifelines 2l Mechan f Lif
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archives

Labels: #Artif sicalTheory, #ComplexSystems, #GeneralSyste

Tuesday, January 28, 2025

Self-Assembling Wires

The video shown in class of self-assembly of wires made of metal bearings.




modeling similarities across nature

natural design principles

m self-similar structures
e Trees, plants, clouds, mountains N
= morphogenesis 7 9

e Mechanism
m |teration, recursion, feedback
m dynamical systems and unpredictability
e From limited knowledge or inherent in nature?
e Mechanism
[ | Chaos, measurement
m self-organization, collective behavior, emergence
e Complex behavior from collectives of many simple units or agents
m cellular automata, dynamical networks, morphogenesis, swarms, brains, social
e Mechanism '
m Parallelism, multiplicity, multi-solutions, redundancy
m evolution
e Adaptation, learning, social evolution
e Mechanism
m Reproduction, transmission, variation, selection, Turing’s tape
m  Network causality (heterogenous complexity)
e Behavior derived from many inseparable sources ,
m Immune system, anticipatory systems, brain-body-environment-culture, emboﬁ)".
e Mechanism
m Modularity, control, hierarchy, connectivity, stigmergy, redundancy
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Lewis Richardson's observations (1961)

m  Measured maps with different scales
e Coasts of Australia, South Africa, and Britain
e Land frontiers of Germany and Portugal
e Measured lengths L(d) at different scales d.
m As the scale is reduced, the length increases rapidly.
e Well-fit by a straight line with slopes (s) on log/log plots

m s =-0.25 for the west coast of Britain, one of the roughest in the atlas,

m s =-0.15 for the land frontier of Germany,
m s =-0.14 for the land frontier of Portugal,
m S =-0.02 for the South African coast, one of the smoothest in the atlas.
m circles and other smooth curves have line of slope 0.
%? 3.54 - :; ST
E)SA 3 .
2 3.3 g 0.78
a gf \ g 0.77 .
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Integer dimensions

3 Dimensions

1 Dimension

-

2 Dimensions

4 Dimensions
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regular volumes
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the Koch curve example: fractional dimensions

m Koch curve

e slightly more than line but
less than a plane

e Packing efficiency!

a=1 unit (meter)

Number of units

(0,0) (1,0)
N=4n
a=1/3" | |
Measuring scale Hausdorff Dimension
p=loglV_ _logd_, »61ss.. N=|—

log(I] log3
a

Unit measure

dimension of fractal curves
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videos
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re-writing design principle
mathematical monsters

m Complex objects are defined by systematically and recursively replacing parts of a simple
start object with another object according to a simple rule

e Cantor Set

log N
Cantor Set D= =0.6309
Take a line, chop out the middle third and repeat 10g()
ad infinitum. The resulting fractal is larger than .
a solitary point but smaller than a continuous line. _ _
Its Hausdorff dimension [see below] is 0.6309. Hausdorff Dimension

Scientific American, July 2008
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re-writing design principle
mathematical monsters

m Complex objects are defined by systematically and recursively replacing parts of a simple
start object with another object according to a simple rule

e Sierpinski Gasket

_ logN

ol
log| —
a

Hausdorff Dimension

D =1.585

Sierpinski Gasket

Atriangle from which ever smaller subtriangles
have been cut, this figure is intermediate
between a one-dimensional line and a 2-D
surface. Its Hausdorff dimension is 1.5850.

L ) 230N SN Y iAo\ | rocha@indiana.edu
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mathematical monsters

re-writing design principle

m Complex objects are defined by systematically and recursively replacing parts of a simple
start object with another object according to a simple rule

e Sierpinski Gasket

BINGHAMTON
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mathematical monsters

re-writing design principle

start object with another object according to a simple rule
e Menger sponge

m Complex objects are defined by systematically and recursively replacing parts of a simple

log N
D:L
1

log| —

a

Hausdorff Dimension

=2.7268

Menger Sponge

A cube from which subcubes have been cut,
this fractal is a surface that partially spans

a volume. Its Hausdorff dimension is 2.7268,
similar to that of the human brain.

Scientific American, July 2008

BINGHAMTON

NIVERSITY

STATE UNIVERSITY OF NEW YORK

rocha@indiana.edu
casci.binghamton.edu/academicsl/i-bic




Box-counting dimension

dimension of fractal curves

Number of boxes

D= 1imM

e—0

log| —
£

\

Length of box
side
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Box-counting dimension

B
-

=1/4, N(rg):g
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rl = |/2, N(r1):3

0 75 150 km
e,

0 75 150
miles

dimension of fractal curves

Length of box
side
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Filling planes and volumes

=

=

=

Peano

Hilbert

Peano and Hilbert Curves
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Peano and Hilbert Curves
Filling planes and volumes

UYL

Peano Hilbert

%EEE\_J;A
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m Self-similarity on multiple scales
e Due to recursion

m Fractal dimension

e Enclosed in a given space, but with infinite
number of points or measurement

fractal features




reducing volume

)7
/
7

AN

/i
SH

fractal-like designs in Nature

(a) (b)

How do these packed volumes and recursive
morphologies grow?

BINGHAMTON
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branching as a general system

An Accurate Model
e Requires
m Varying angles
m Varying stem lengths
m randomness

m [nitial State: b
mb->2a
ma->ab

e sneezewort

e The Fibonacci Model is similar

_|
ab
_/ |
b

d

S 22 -2 -2 -2 -2 -2 -2 -2 -2 -2 2L 3

ranches

AN\ N\ /A /YR
N\ ™\AFr TP
~ A N

s L)

A\
BINGHAMTON
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STATE UNIVERSITY OF NEW YORK

What about our plant?
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L-Systems

Aristid Lindenmeyer

m Mathematical formalism proposed by the
biologist AristidLindenmayer in 1968 as a
foundatienfOr @an-axiomaticitheory of biological

development.

e applications in computer graphics
m iGeneration-offractals andirealistic/modeling of.plants

e Grammar for rewriting Symbols
m Production Grammar
m Defines complex objects\by successively replacing
paris'of asimple object using asset of recussive;
reyriting rulesierproaductions.

e .Beyond-one-dimensional production (Chomsky)
grammars

e Parallel'recursion
e Access to computers

RN @2INY el | rocha@indiana.edu
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formal notation of the production system

m An L-system is an ordered triplet
o G=<V,w, P>

m J/ = alphabet of the symbols in the system

o V={F, B}
m w = nonempty word
e the axiom: B

m P = finite set of production rules (productions)

e B — F[-B][+B]
o F>FF

L-systems

-

B B
+ =
: t
TAVA £
|4
F‘
F

BINGHAMTON

UNIVERSITY
STATE UNIVERSITY OF NEW YORK
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production rules for artificial plants

m Add branching symboils [ ]
e Main trunk shoots off one side branch
e simple example
m Angle 45
m Axiom: F
e Seed Cell
m Rule: F=F[+F]F
m Deterministic, context-free L-systems
e Simplest class of L-systems
e Simple re-writing
e DOL

branching L-Systems

Gen. 1 [+F

L //
.

Gen. 8

R IN® VNV UYLl | rocha@indiana.edu
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m AXiom

m C
m R

B

ell Types
B,F
ules

B — F[-B][+B]

F > FF

L-system with 2 cell types

B B
3

B
/
N

+
(4]

B ! |

Depth Resulting String
0 B
1 F[-B][+B]
2 FFIHE-BI+ B+ [+F[-B][+B]]
3 FFFF[-FF[-F[-B][+BII+F[-B][+BIll+[FF[-F[-B][+BIl[+F[-BI[+B]I]

eI IN(@) 2PN Y uae )M rocha@indiana.edu
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parametric L-systems

m Discrete nature of L-systems makes it difficult to model continuous

phenomena

e Numerical parameters can be associated with L-system symbols

e Parameters control the effect of productions
e A(t)=> B (tx3)
m Growth can be modulated by time

m Varying length of braches, rotation degrees

BINGHAMTON
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parametric L-systems

m Discrete nature of L-systems makes it difficult to model continuous

phenomena

e Numerical parameters can be associated with L-system symbols

e Parameters control the effect of productions
e A(t)>B(tx3)
m Growth can be modulated by time
m Varying length of braches, rotation degrees

BINGHAMTON

UNIVERSITY
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example

w : B(2)A(4.4)
pr: A(r,

py: Alz,y) y>3
p3: Bl :
P4 - B(

I A

which are strings of modules
consisting of symbols with
associated parameters and
their rules

operate on parametric words,

TEAGORTECBAY F AN

PRIEMYSLAW PROSINKIEWIC

From: P. Prusinkiewicz and A.
Lindenmayer [1991]. The Algorithmic
Beauty of Plants.

parametric L-system

B(2) A(4,4)

'\

B(1) B(4) A(1,0)

‘¥ oy

B(0) B(3) A(2,1)

(1T

B(2)

‘¥

C B(1) A(8,7)

-<—]

BINGHAMTON

UNINSERS | TY
STATE UNIVERSITY OF NEW YORK
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parametric L-system
example

1 Alr,y) :y<=3 — A(xx2,xr+y)
Do . fl - {7 :
py: B(r) TR

py: B(r) cr>=1 — B(z-1)

operate on parametric words,

which are strings of modules |

consisting of symbols with THEA[G(RNMCBEAWOES
associated parameters and

their rules

i, C B(1) A(8,7)

From: P. Prusinkiewicz and A.
Lindenmayer [1991]. The Algorithmic
Beauty of Plants.

I 33IN(@) 2 PNY )M | rocha@binghamton.edu
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stochastic L-systems

m Probabillistic production rules
eA>BC (P=03)
eA>FA (P=05)
eA>AB (P=02)

http://coco.ccu.uniovi.es/malva/sketchbook/

e N(e) 2PN Y U | rocha@indiana.edu
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Context-sensitive L-systems
2L -Systems

m Production rules depend on neighbor symbols in input string

e simulates interaction between different parts
m necessary to model information exchange between neighboring components

m 2L-Systems
e P:a<a>a—>X
m P1: A<F>A 2> A
m P2: A<F>F > F
m 1L-Systems
e P:a<a>XorP:a>a 2> X
m Generalized to IL-Systems
o (Kk,l)-system
m |eft (right) context is a word of length k()

RN @2INY el | rocha@indiana.edu
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parametric 2L-system

example

#define CH 900 /* high concentration */

#define CT 0.4 /* concentration threshold */

#define ST 3.9 /* segment size threshold */

#include H /* heterocyst shape specification */ ﬂﬁMKWMK&MWG&%%
#]_gnore f -y H PRZERYSLAW FRUSINCIEWICE » ALISTID LINDENMATER
pr -
D2 -
P3

p1 -

ps -

-(90)F(0,0,CH)F(4,1,CH)F(0,0,CH)

F(s,t,c) : t=1 & s>=6 —
F(s/3%*2,2,c)f(1)F(s/3,1,c)

F(s,t,c) : t=2 & s>=6 —
F(s/3,2,c)f(1)F(s/3%2,1,c)

F(h,i,k) < F(s,t,c) > F(o,p,r) : 8>ST|c>CT
F(s+.1,t,c+0.25*%(k+r-3%*c)) HINIEEI NIEEINE

F(h,i,k) < F(s,t,c) > F(o,p,r) : !(s>ST|c>CT) —
F (O > O P CH) st H ( 1) NI EIEEEEN PN EEEEEN

H(s) : s<3 — H(s*1.1)

convenient tool for expressing developmental
models with diffusion of substances.
pattern of cells in Anabaena catenula and
other blue-green bacteria

From: P. Prusinkiewicz and A. Lindenmayer [1991].
The Algorithmic Beauty of Plants.
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example

#define CH 900
#define CT 0.4
#define ST 3.9
#include H

#ignore f ~ H
P
p2

p3

Py

/* high concentration */

/* concentration threshold */

/* segment size threshold */

/* heterocyst shape specification */

-(90)F(0,0,CH)F(4,1,CH)F(0,0,CH)

F(s,t,c) t=1 & s>=6 —
F(s/3%2,2,c)f(1)F(s/3,1,c)
F(s,t,c) : t=2 & s>=6 —

F(s/3,2,c)f(1)F(s/3%2,1,c)
Flh,i k) < F(s,t.c} > Flo.p,r) s>ST|c>CT —
F(s+.1,t,c+0.25%(k+r-3*c))
F(h,i,k) < F(s,t,c) > F(o,p,r) 1 (s>ST|c>CT) —

F(0,0,CH) ~ H(1)
s<3 — H(s*1.1) -

H(s)

FACHB-362  Anabaena catenula
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parametric 2L-system

convenient tool for expressing developmental
models with diffusion of substances.
pattern of cells in Anabaena catenula and
other blue-green bacteria

From: P. Prusinkiewicz and A. Lindenmayer [1991].
The Algorithmic Beauty of Plants.
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Drawing words

Turtle graphics

state of turtle defined as
(x, y, a), coordinates

(posiion) and ungle EACOTHMCREATY CF AN

PRLZEMYSLAW PRUSINCIEWICT o ARISTID LINDENMATER

according to step size d
and angle increment 6

a b
F
¥
4 =
b 1.4 _;“ 1
Start o
a=0= 90
FFF-FF-F-F+F+FF-F-FFF

F Move forward a step of length d. The state of the turtle
changes to (z'.y'.a), where ' = = + dcosa and v =

y + dsina. A line segment between points (z,y) and
(',vy') 1s drawn.

f Move forward a step of length d without drawing a line.
— Turn left by angle 4. The next state of the turtle 1s
(z.y,+0). The positive orientation of angles is counter-

clockwise.

— Turn right by angle 4. The next state of the turtle 1s
(z,y,a — 8).

From: P. Prusinkiewicz and A. Lindenmayer [1991].
The Algorithmic Beauty of Plants.

I3 @ S INY el | rocha@binghamton.edu
SE S RSN SR ld  casci.binghamton.edu/academicsl/i-bic

STATE UNIVERSITY OF NEW YORK




L-systems
alphabet handling by Turtle

m An L-system is an ordered triplet
o G=<V,w, P>
m J/ = alphabet of the symbols in the system
o V={F X}

m w = nonempty word
e the axiom: X

m P = finite set of production rules (productions)
o X — F[+X][-X]FX

e F > FF N ’«5‘ w f/d’l%\\ “'n'.r"’,'_'i .
\NaRn-2
Drawing
Alphabet V/ Procedure
{X9F9[9]9+9'} (Turtle)
@Fa [9] 9+9'}

Angle: 14
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alphabet handling by Turtle

m Example L-System
o V={F X}
e axiom: X
e Productions
m X > F[+X][-X]FX
mF > FF

Alphabet V
{X9F9 [9] 9+9_}

n=1
F[+X][-X]FX
F[+][-]F
FF

L-systems

Turtle

@Falal 9+9'}

n=2

FF[+F[+X][-X]FX][-F[+X][-X]FX]FFF[+X][-X]FX
FE[+F[+][-]F][-F[+][-]F]FFF[+][-]F

FF[+FF][-FF]JFFFF
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alphabet handling by Turtle

L-systems

Y

n=2
FF[+F[+X][-X]FX][-F[*+X][-X]FX]FFF[+X][-X]FX
FF[+F[+][-]F][-F[+][-]F]FFF[+][-]F
FF[+FF][-FF]FFFF

W

FFFF[+FF[+F[+X][-X]FX][-F[+X][-X]FX]FFF[+X][-X]FX][-FF[+ F[+X][-X]FX][-
F[+X][-X]FX]FFF[+X][-X]FX]FFFF[+F[+X][-X]FX][- F[+X][-X]FX]FFF[+X][-X]FX
FFFF[+FF[+F[+][-]F][- F[+][-]F]FF F[+][-]F][-FF[+ F[+][-]F][- F[+][-]F]FF F[+][-

FFFF[+FF[+FF][-FF]FFFF][-FF[+FF][-FF]FFFF]FFFF[+FF][-FF]FFFF

n=3

|FIFFFE[+ F[+][-]F][- F[+][-]F[FFE[+][-]F

Angle: 14

; Ig.\‘u:ﬂr;,,’)_&”_ 5 ,{\""'ﬁ“",,f'g, ;
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alphabet handling by Turtle (adding color)

m Example L-System
o V={F, X}
e axiom: X

e Productions
m X > F[>8+X][>8-X]FX
aF > FF

Alphabet V Turtle
{X9F9[9]9+>'9>n} 9F9[9] 9+9'9>n}
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Turtle graphics

example
YIETOAL LABOLATORY a b
FEACOHICEATICHAT |
C

|_-I n=0 n=1
C d
_F-F F/F,FJrFl
‘ Pp::»FwF*F*F
P : ’

Figure 1.6: Generating a quadratic Koch island
g g |

From: P. Prusinkiewicz and A. Lindenmayer [1991]. §3)IN€}sVNY§ON rocha@binghamton.edu
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robots

automatic design of basic shapes

m Evolutionary design of robots

e Difficult to reach high complexities necessary for practical engineering

e Karl Sims and Jordan Pollack, Hod Lipson, Gregory Hornby, and Pablo Funes claim that for
automatic design to scale in complexity it must employ re-used modules

m Sims,K. [1994]. “Evolving Virtual Creatures”. Proceedings of the 21st annual conference on Computer graphics and
interactive techniques, pp. 15 — 22.

m H. Lipson and J. B. Pollack (2000), "Automatic design and Manufacture of Robotic Lifeforms", Nature 406: 974-978.
e generative representation to encode individuals in the population.
e Indirect representation: an algorithm for creating a design.

m using Lindenmayer systems (L-systems)

m evolved locomotiong robots (called genobots).
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models or realistic imitations?

m  Common features (design principle) between artificial and real plants
e Development of (macro-level) morphology from local (micro-level) logic
e Parallel application of simple rules
m Genetic vs. algorithmic
e Recursion

m But are the algorithms the same as the biological mechanism?

e Real organisms need to economize information for coding complex
phenotypes
m The genome cannot encode every ripple of the brain or lungs

m Organisms need to encode compact procedures for producing the same
pattern (with randomness) again and again

m But recursion alone does not explain form and morphogenesis
e One of the design principles involved

e There are others
m Selection, genetic variation, self-organization, epigenetics

fern gametophyte Microsorium linguaeforme (left) and a
simulated model using map L systems (right).
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Next lectures
readings

m Class Book

e Floreano, D. and C. Mattiussi [2008]. Bio-Inspired Artificial Intelligence: Theories, Methods,
and Technologies. MIT Press.

m Chapter 2.
m Lecture notes
e Chapter 1: What is Life?
e Chapter 2: The logical Mechanisms of Life
e Chapter 3: Formalizing and Modeling the World
m posted online @ http://informatics.indiana.edu/rochali-bic
m Papers and other materials
e Optional

m Nunes de Castro, Leandro [2006]. Fundamentals of Natural Computing: Basic Concepts, Algorithms, and
Applications. Chapman & Hall.
e Chapter 2, all sections
e Chapter 7, sections 7.3 — Cellular Automata
e Chapter 8, sections 8.1, 8.2, 8.3.10

m Flake's [1998], The Computational Beauty of Life. MIT Press.
e Chapters 10, 11, 14 — Dynamics, Attractors and chaos

m Prusinkiewicz and Lindenmeyer [1996] The algorithmic beauty of plants.
e Chapter 1
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