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Biomimicry and networks
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https://www.youtube.com/watch?v=BZUQQmcR5-g

Spider in Carboniferous era

Estimated size of a
spider in Carboniferous

Spider had time to improve its
objective function...

Harry Potter exagerates
D. Josselin, MASHS, 24/25-05-2018 a little bit ;)



Spider silk
and music

Violin with spider silk strings
B ] (i |

Shigeyoshi Osaki (Nara Medical University, Japon)

Spider silk : a bright and unique
sound (Japanese patent)
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Cloud nets in Nepal

A structure close to layer web
is efficient to keep humidity
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Orbwebs

Araneus diadematus
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Some similarities between urban
networks and orbwebs
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Very regular structures
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Net, nenuphar or urchin ?

Figure 2.2
La « serre de Barry »
du Jardin botanique
de Strasbourg,

dont I'armature
est inspirée de la feuille
du nénuphar
Victoria amazonica.

Guillot et Meiller, 2008
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Agricultural radio-concentric structures
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“Sun city” in USA
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Utopian city of Thomas More (1516)

“SIR THON

English Humanist (finance, justice) / Henri 8th
Utopia, inspired from Platon's Republic

“in no man's land” or “happiness place

Where tolerance and discipline are imposed
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The “sun city” of Tomaso Campanella
(1623)

Italian monk - City with 7 fortified enclosures
“equality” of the people, eugenics, collectivist society
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Shape of “garden cities”
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Theory of central locations
(Christaller, 1933, Losh, 1940)

Principles ... from market .... to transport............... to administration

1. Market: richness concentration due to demand-supply economic relationship
2. Transport: cost minimization between hexagons
3. Administration: each center exerts a power on 6 contiguous secondary centers

D. Josselin, MASHS, 24/25-05-2018



her rectilinear network shapes
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Antique network structures

Hippodamian map City of Mari (Syria)
of Kahun (Egypt) 2500 before JC
1900 before JC
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Urban evolution in different
radiocentric sprawling
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Multiple network theoretical shapes

All Cellular
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Simulation of agents on networks
(Netlogo + QuantumGIS with Python)

e Agent generation (1000)
e Choice of an OD (node=>node)
e Shortest path calculation

* Processing
e Counting crossed edges
e Straightness calculation
 Parameters
e Constant speed
e Possibility to move everywhere
* N interactions between agents
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Building regular networks using R
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Straightness S

Straightness = distance as the crow flies / distance on the network

A straightness of 1 est optimal
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Homothetic shapes for centrifugal motions

radioconcentric
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Centrifugal motion on a
radioconcentric network

ring edge 1

radius 2 separated from
the previous radius 1

with an angle &

. bizector

direction and angle
"o ofthe path

radius 1

path on the network from pltop4
through p2and p2

ring edge 2
parallel to the
ring edge 1
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Relation between straightness
and motion angle

Straightness S
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Relation between straightness
and motion angle

Straightness S
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Relation between straightness
and motion angle

Straightness S

Part of a radioconcentric network
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Relation between straightness
and motion angle

Straightness S
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Relation between straightness
and motion angle

Straightness S
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Straightness calculated with agents

Mean : 0,92
Median : 0,94

Orbweb

Inversion of the
Straightness S Straightness
distribution
shapes

Mean : 0,80
Median : 0,76

Rectilinear network
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Average straightness S (and standard deviation)
for a rectilinear network, as a function of its size
(expressed in number of squares by side)
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Average straightness S (and standard deviation)
for a radiocentric network, as a function of its
number of radii, and for different number of
turns (see colors).

Average Straightness

Number of radii
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Theoretical flows

versus
Observed flows
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Carte de l'utilisation théorique maximale de Besangon pour une vitesse constante sur tous les &xoms
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Summing the agents passing
on the network sections

D. Josselin, MASHS, 24/25-05-2018 (Freeman, 1977)



Betweeness centrality
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Optimality of the glu location
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Its does not “cost” a lot to the spider to lay the glu on the external turns!
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CONCLUSION

 Graph theory is a useful approach to assess
network efficiency

 Over 10-15 radii, straightness of
radioconcentric networks and orbwebs is
better than rectilinear networks...

e ...for centrifugal routes (spider) but also in
general (for any route in average)

e The number or turns (circles/sides) has a
lower importance than presumed
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ISSUES

« Can radioconcentic network fight efficiently against
urban sprawl (biomimicry)?

e How much radioconcentric networks are traffic jam
generators (Multi-Agent simulations)?

« What is the best network for straightness (algorithm)?
e Are orbwebs resilient (Monte-Carlo simulations)?

 Are orbwebs more efficient for other properties in
graph theory from spider and human points of view
(graph theory)?

e How to automatically extract graphs from photos
(imagery, mathematical morphology)?

e Is the shortest path rational (other efficient routes)
(space syntax, Pareto multi-critera analysis)?
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