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Rule Based (RBC)
State of the art. Set of rules: If condition then action

,If solar irradiation > threshold then close lid“ and
heating/cooling curves

Parameters need to be adapted to suit a building,
components

Control of

Model predictive (MPC)

e.g. the Opticontrol group,
ETHZ

»[---Jpredictive control
strategies in order to
reduce the

energy usage of buildings,
improve occupant comfort,
and reduce peak electricity
demand.”
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RBC MPC
Heating / cooling [kWh] [kwWh] g
Heating energy 17119 17250 * %
Energy DHW 2065 2065 Vi Y 7 B
delivered 19184 19316 (s )y
. — =se = )
Cooling energy 1371 1370
Christian Jaeger Peter Bolt
Electricity [KWh]  [KWHh]
produced PV 9508 9641 .
Demand heat pumps / circ. pump 5531 6467 det
export 8506 5995 J _ > max
- L] , [ ]
import 4528 2820
| E.dt
MPC = 6.85
REG =424 Annual work number
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Michael C. Mozer

Department of Computer Science and

Institute of Cognitive Science

University of Colorado, Boulder
http://www.cs.colorado.edu/~mozer/adaptive-house

The adaptive house

Not a programmable house, but a house that programs itself.

House adapts to the lifestyle of the inhabitants.
House monitors environmental state and senses actions of inhabitant.
House learns inhabitants’ schedules, preferences, and occupancy patterns.

House uses this information to achieve two objectives:
(1) anticipate inhabitant needs
(2) conserve energy

Domain: home comfort systems
+ air heating
« lighting
- water heating

« ventilation

Mozer2005
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* Machine learning (especially new methods) need to much
data for pure on — line training.

 Solution: Learn from model, fine — tune with reality.

| Direct fine
tuning of control |

Initial setting * CONTROL

~ by engineer (e.g. ANN)

Galibration of |
Model

Tramlng W|th
model data
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Sieving Machines

AMMANN
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Jaeger, C.; Housseini, R.; Hertwig, M.; Fuchslin, R. M.
(2014). Performance Prediction and Optimization for
Industrial Sieves by Simulation: a two-tier Approach.
Tagungsband ASIM 2014. 22.
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Determine : Estimate Use model
Simulate

measurable parameters of for
example .

parameters model optimization

Transportgeschwindigkeit Laderate 140th—!
6

Machine: Model-
« Geometry
e A W,...

mplitude / mm

Amplitude / mm

An

[%]

50

40 —

30

20

10

0= = — —= diam [mm
26.95 19.2 136 96 68 48 3 15 075 0.3750.18750.0940.0315
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Technical Systems
(Robocup 2013)

Pennsylvania Ballet's Valerie Amiss and Jonathon Stilesin the world premiere
of Kirk Peterson’s "Dancing With Monet (A Gathering at Argentull)”
Photo: Paul Kolnik

Biological Systems
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A i SR (6 T

CANTER GALLOP

Morphology = Shape + material properties
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Galit Patterns
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Two Selfstabilizing Gaits
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Brain chooses
red or green basin
of attraction.

Body-dynamics
drives system into
attractor (and
keeps it there).



Gait Patterns: Picture incomplete Zh steet
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Two Selfstabilizing Gaits

« Transient time should be short.
* Fluctuations: Strong damping
« Attractor landscape can be changed.
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Good News from MorphControl

We can't rejuvenate your
body.
But maybe, we can rejuvenate
your attractor landscape!

Zircher Fachhochschule
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« Feed-forward neural networks have some but not universal
computational power.

 Mechanical mass-spring systems can generate time-dependent signals.

Recent result: A properly interfaced hybrid system
(mass-spring + feed forward neural network) can
emulate/compute large classes of filters (functions

onto functions).

Hauser, H.; ljspeert, A.J.; Fuchslin, R.M.; Pfeifer, R., Maass, W.,Towards a theoretical foundation for
morphological computation with compliant bodies”, Biological Cybernetics, 2011, Volume 105,
Numbers 5-6, p 355-370.

Flchslin; R.M., Dzyakanchuk, A.; Flumini, D.; Hauser, H.; Hunt, K.J.; Luchsinger, R.H.; Reller, B.;
Scheidegger,S.;Walker, R . “Morphological Control Applications and Steps Towards a Formal
Theory’. Artificial Life 19 9-34.
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Cells: The Network Picture

Cell as a dynamical network of physico —
chemcial interaction
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One ore several nodes
are dysfunctional =»
network functionality may
be affected.

All system components
are functional, but system
IS In wrong basin of
attraction.
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Cells as Dynamical Systems BTty

OPINION

Darwinian medicine: a case
for cancer

Mel Greaves @
OPEN @ ACCESS Freely available online = PLoS one

Abstract | Epidemiological, genetic and mols
collectively provided us with a rich source of d

understanding of the aetiology and molecular; A Dynamical Model of Genetic Networks for Cell
perspective focuses on proximate mechani: Differentiation

adequate explanation for the prevalence of tumo

or what seems to be the striking vulnerabiliy Marco Villani™?, Alessia Barbieri', Roberto Serra'?*

p.r,l:_q:ept ﬂ,f Darw Inlan |T|,|:_|.d Icinge Is that 1'-|_|I|-|,|:_|.rah 1 Maodelling and Simulation Laboratory, Department of Communications and Economics, University of Modena and Reggio Emilia, Reggio Emilia, ltaly, 2 Eurcpean Centre
for Living Technology, Yenice, ltaly

diseases, arlses at least In part as aconsequel___ __ . _ .

compromises and trade-offs that characterize evolutionary processes.

' .
4

M. Greaves, Nature Reviews Cancer 7, 213 — M. Villani

221 (2007).

R. Serra

Use of abstract random Boolean networks.
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S. Sheidegger

M.

Weyland

log of survival rate

Mathematics and Physics

MCF -7
Guirado Llorente et al.

IR - model

I - Model

absorbed dose

Conundrum: Reaction of cells to irradiation highly non-linear. "The more intensity,
the more (long-term) damage" does not hold (Fig. by S. Scheidegger).

* Probable cause: Repair processes
* Hyperthermia before irradiation =» reduction of repair

* Needed: Quantification of thermal effect, thermal dose

Scheidegger, S.; Fuchslin, R.M.; Timm, O.; Eberle, B.; Bodis, S. (2015). A novel approach for thermal dosimetry. In: Proc. of
the ESHO Annual Meeting 2015. (26). Zurich: European Society for Oncological Hyperthermia.
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Aging Again aZ& BTty

* Frequent observation: Elderly patients often exhibit a sharp
transition in the abllity to life an indepedent life.

+ Potential explanation: Decompensation effects.

* Role of complex systems sciences: Detection of early warning
signals and determination targeted application of support
systems.

Layer 1
Skills

Layer 2
Func.

H. Becker, C. Brombach, A. Tasks
Farber, A. Filisetti, M. Melloh
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Optimization of Vaccination Strategies EEAiEa

n Infektion m Gesundung n

Simple SIR - Model

n Infektion m Gesundung n

V2e

Impfung
<
(9]

L . ! . !
40 60 80 100 120 140 160 180 200
Time (days)

Realistic vaccination process Patrik Eschle
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800000 / Woche

isiko-gruppen

iingste zuerst

esundheits-
erufe

andemie-plan

isiko-gruppen

iingste zuerst
andemie-plan

isiko-gruppen

iingste zuerst

esundheits-

andemie-plan

andemie-plan

Number of survivors, red = dead

1 Mio / Woche

1.2 Mio / Woche

School of
Engineering

IAMP Institute of Applied
Mathematics and Physics




What is Optimal? BTty
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 Lessons learnt:

— Vaccinate early (vaccination campaigns after peak of
Infection =» waste of money).

— Ask what you want to achieve: Low death rate or low
number of infections.

— Result depends on strategy / priorization (First come — first
serve / youngest first / risk group first / medical profession).

— "Youngest first" reduces overall death toll.

— Ethics: Distinguish functional and normative
priorization!

Zurcher Fachhochschule
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 Assume two skill sets A and B.

« Skill set Alis easy to learn, but yields smaller
benefits.

- Skill set B takes more time to learn, but yields high
benefits.

* Given a large number of small dwellings / villages
and some mobility between them.

* Which skill set will prevail?

Richard Walker

Zurcher Fachhochschule



Social Dynamics on a Simplex ZhE—"
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* We assume very simple villages with max. two

iInhabitants.
* The villages form an infinite simplex: inhabitants may

travel with migration rate m.

O @ o0
0 ® O
McCaskill, John S.; Fuchslin, Rudolf M.; Altmeyer,
Stephan (2001). The stochastic evolution of catalysts in
spatially resolved molecular systems. Biol. Chem. 382 (9):
1343-1363.
O O o0

Finite simplex of villages
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* Individuals reproduce and die.
 Individuals are uneducated (U), have skill set A or B.

* The "villages" can only be In a finite number of states
(00, AQ, AU, ...).

* Infinite simplex =» Spatial heterogeneity, but trivial
neighborhood structure = mean field approach

=» Dynamics of occupation probabilities.

Zircher Fachhochschule
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Social Dynamics on a Simplex az& School of

. Pooo (1) Puxe(t) = Prob. for a village having A indviduals with
d_P _ A(IS('[))IS, P — : skill set A, B with set B and U uneducated
dt inhabitants.
p002(t) A+B+U<?2

Example: Teaching processes

dPyae
dt

=U+D(A-D7Py. a8 + U +D(B=D)75P e 1) — UATAP A —UBT5P s

teach

Simplex = Diffusion processes depend only on average
occupation numbers.

Master equation for pg:

deAB — deAB

dt dt

deAB
in—diff dt

+ APy
dt

+ deAB
death dt

+ deAB
birth dt

teach out—diff
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Role of Migration for Spread of Skills aZh EEAiEa
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average
2.0 A= N0
ARTIITT Vv W by
Pe =
19 T \ /:: VII %5
s" B Oy =0, =0 = 80
1.0 A : : =%
U :: "= Mo
. Y .
0.001 0.010 0.100 1

What type of skill set survives depends on migration rate.
=» Model can support theories in anthropology.
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Evolved (B. Reller) Compiled
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Golgi Apparatus
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http://jennarever.weebly.com/index.html

Production of oligosaccharides (among other things)

Weyland, M. S.; Fellermann, H.; Hadorn, M.; Sorek, D.; Lancet, D.; Rasmussen, S.; Fluchslin, R.M. (2013). The MATCHIT

Automaton: Exploiting Compartmentalization for the Synthesis of Branched Polymers. Computational and
Mathematical Methods in Medicine, 2013, Article ID 467428.

Fellermann, Harold; Hadorn , Maik; Fuchslin, Rudolf Marcel; Krasnogor, Natalio (2014). Formalizing Modularization and
Data Hiding in Synthetic Biology. ACM Journal on Emerging Technologies in Computing Systems, 11, 3. article nr. 24
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The Hidden Benefit of Small Size az& Eramecing
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Macroscopic processes. Metastable substances can only be
used with considerable effort.

On the micrometer — scale, a few seconds life time are sufficient
for diffusive transport.

Macroscopic Catalysts: Need efficiency and stability
Microscopic Catalysts: Efficiency is sufficient!

Stable Catalysts

Catalysts

Zurcher Fachhochschule



Self-Assembly and Novel Materials ZhE
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* Most modern materials rely on the properties of atoms,
either with respect to stability or catalycity.

« Almost all elements are used in todays technology, includding
the so called "rare earths".

Rare Earth Elements

La|Ce Pr|Nd Pm Sm|Eu Gd|Th{Dy|/Ho| Er (Tm|Yb|Lu
57 | 58 (59 | 60 | 61 ( 62 | 63 | 64 | 65 | 66 | 67 | 68 | 69 [ 70 | ™

g Lanthanides”
Li|Be |B[C[N|O[F|Ne
NalMg - |Alsi[ P s|ci|ar
K [Ca| [Sc|Ti|V|Cr|Mn|Fe|Co|Ni|Cu|Zn|Ga|Ge|As|Se|Br|Kr
Rb|Sr Zr[NbMo{Tc|Ru[Rh|Pd|Ag[Cd| In|Sn[Sb|Te| I [Xe
Cs|Ba] |[Lu]Ht|Ta|W/|Re|0s]| Ir | Pt|AulHg| TI|Pb[Bi|Po|At|Rn
Fr|Ra|An| Lr
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CORTEX""

« Contains natural pigment
(melanin) and moisture

MEDULLA®
« Core of hair
* May even be absent

- CUTICLE
= Outer layer of hair shaft
(Over-lapping keratin cell)
* Works as protective scale
« Cuticle is transparent

Zurcher Fachhochschule
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_ "Atomic" Matter Multiscale Matter

Gets ist features  From atomic properties Properties of structures on
various length scales.

Production "Simple" Very hard, usually requires
synthesis more complex
than what present
technology is able of.

Basic materials Some are rare Abundant
Toxicity Potentially high, Often: Degradable by
difficult to degrade digestion
Stability Potentially high Usually not so high (but
notable exceptions, such as
wood).
Properties Mostly in reach of

understood present science.
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Energy Efficiency
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600

500

400+

total load [MW]
w
o
o

2001 \

100~

[ [ [ [ [ [ [
08:00 03:00 06:00 09:00 12:00 15:00 18:00 21:00  00:00
time of day [hh:mm]

Better understanding of fluctuations

=» improved possibilities for risk assessment and energy

trading
=» potential for reduction of reserve energy.

Zircher Fachhochschule
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Energy Efficiency:

* Improve efficiency of
trains.

* Reduce reserve energy.
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The End of Theory: The Data Deluge Makes the
Scientific Method Obsolete

Bv Chris Anderson 4 06.23.08

C. Anderson

Wired, 16/7, 2008
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* Check your understanding of the past

* Optimize the present

* Predict the future if you know the present

« Estimate the future if you guess the present

* The non — ideal world: Dealing with fluctuations
* Find your weaknesses, identify your strengths

Zircher Fachhochschule
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Theory -{ Application |
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Applied Science is not Development ZhE—"
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Theory ‘-

L

gl S

Theory ‘ x Application

Application
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