TUBES 11

Generation of novelty in a discrete time system
with an unique starting element

Alexandre Makarovitsch

Jean-Pierre Foll
UCO/Institut de Mathématiques Appliquées

amakarovitsch@gmail.com

fojepi@gmail.com

7th UES Congress Lisbon 2008



Systemic Complexity for human development in the 21* century
Systemic Complexity : new prospects to complex system theory
7" Congress of the UES Systems Science European Union Lisbon, Dec. 17-19, 2008

This work is licensed under the

Creative Commons
Attribution-NonCommercial-NoDerivs

Systems Science European Union

Union Europeenne de Systemigue

All content on this website *

{including text, photographs, v i 3 * License

audio files, and any other . . . .

original works), unless + UES + Ce travail est protégé par une licence
otherwise noted, is licensed * * Creative Commons

under a creative Commons * w .5 (559 Nathan Abbott Way, Stanford, California 94305, USA)

license. au profit de I' UES
ShareAlike Union Européenne de Systémique

Il peut étre copié et distribué gratuitement, uniquement dans un but non-commercial,
mais sans modification, et a condition que soit indiqués
It can be copied and distributed, only in a non-commercial purpose, but without modification, and provided with the indications of

the origin/la source : http://www.afscet.asso.fr/resSystemical/Lisboa08/Makarovitsch4Lisboa08tubes.pdf
the title/le titre : TUBES Il Novelty and complexity generation in a system with a simple root. (slides presentation)
the author/l'auteur : MAKAROVITSCH Alexandre & Jean-Pierre FOLL
the pages/la pagination : 22 p.
the year/I'année : 2008
& the book/la publication: 7th Systems Science European Union Congress Proceedings,
Lisboa, Portugal.

Attribution Non-Commerciale, Partage A I'ldentique
Urhebernennung, Nicht-kommerziell, Gegenseitigkeit
Atribucion No comercial, Compartir en igualdad
Atribuicdo Nao-Comercial, Partilha em Igualdade

APOCOSIS Associacao Portuguesa de Complexidade Sistémica Faculty of Science & Technology, Lisbon
Complexity generation: tubes Il, MAKAROVITSCH & FOLL p.0/22




Structure, Material, Operators,
Time

T'he 1nitial structure 1s a TUBE (I) — an empty cylinder

I'he material 1s called « hyper-elast » - a material which
shrinks to minimize 1its surface, volume, and edges. It 1s
a very thin foul.

The operators used are « cut (K) » and « paste (C) »;
other pairs of operators might be used: fold/unfold,
pierce/cork, twist-1/twist-r,....

Time 1s discrete, materialized by clock ticks



CUT (K)

* By applying the operator once, it performs a
single cut on a single object, cut which
either starts at one edge to join another, or
starts at a point to join it again after having
done a curve without crossing another edge

* At the clock tick, the operator might be
applied just once.
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PASTE (C)

* By applying the operator once, it could
stick together edges ; any edge on 1tself or
on another edge.

* At the clock tick, the operator might be
applied just once.



PASTE (C)
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Operationon D and T

/C/'T =T ("paste" on a torus 1s inoperant: 1t 1s edgeless)
/C/ D =S (sphere)

/C/ [LI] = [D,I] or |T.I]
/C/ [DI] = [S.I] or [D,T] or [D,D]
/C/ [D,I1] = [S,I1] or [D,T1] (It — tube with a hole/ T1 —

torus with a hole)

/K/D = [D,D] or [D,]]



Novelty generation only

Go->1

Gi1->D, T, [D.Ii],...

G2-> [S.I], [D,T1], [D,D.12]....

and extract from such selected groups novelty only :
Go ->1

Gi->D, T, I

G:->S, T1, Iz



Novelty generation only

G3->T2, I3

G4 ->2L%, T3, 14

G5 > T4, Is, 211

G6 -> Ts, Is, 212

G7-> T, I7, 23, 3L**

*2L, a « pair of glases »(a torus with two empties)
- by application of /C/ on T2

**3L, a torus with three empties)

- by application of /C/ on 2L.2



General observations

* Applying /C/ on close structures 1s inoperant

* The same structure might show-up at different
generations from different operation sequences

* From a certain point on, a third dimension is required

* /K/S or /K/D = [D,D] >> indeterminacy in knowledge
of the past

Complexity appears by applying just two operators on
one 1nitial structure, after a few generations



General observations
* Novelty is rather rare

* Novelty might be obtained by associating
objects comming from different groups at
the same generation :

* /K/T=[D,T1] or ...
* /C/[D,1]=[D,T1] or
— /C/(T1,T1)= 2L

* S,D and I, as roots, are « equivalent » as far

as novelty generation 1s concerned
* /K/S=[D,D]
* /K/D=[D.,I] or [D,D]
* /C/D=S



The third dimension (1)
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If /C/ 1s applied on figures with non adjacent
regions,
A third dimension 1s mandatory to express the result



The third dimension (2)

In case of 4 empties, j /;
more possibilities for

a 3D shape appear.
As the number of empties

grows, more complex structures K 's

will show up, and the
Combinatorial explosion 1s here...




Remaining in 2D...

T2 /C/>2T




... and continuing (1)




, and continuing (2)
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... and continuing (3)




A few directions for further research

* Use of more operators (fold/unfold being the most
interesting, but poses the angles and dimensionality
problems)

* Relax the material properties ( ie. extensibility) and
the operators application rules (ie; general paste)

* Produce a program to express the results in litteral
and graphics ( the « forecast problem)

* Examine the relation to knots
* Do an AL program (at least litteral)

* Do a classification exercise to aggregate shapes with
the same properties and genesis.



Examples of shapes obtained by
relaxation of the material properties




Folding/Unfolding
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Angle o and distance o from O to...
A curvature radius p from 0 to...
...all this means « dimension »
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A first conclusion

This research continues to be at its beginnings.

The complexity which appears after a few
generations allows to further inquire into the
compexity subject as such.

The « vicinity » with knots, some chemical
molecules behavior, allows to expect interesting
results in terms of modelling.

This research is a very interesting tool for
Systemics teaching, to better grasp complexity.

This research shows the power of qualitative
models using simple operators



