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a duck or a rabbit?

Observation vs theory

Kasparov vs Deep Blue - I

...control the center...
...fill the gaps...
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Kasparov vs Deep Blue - II

it’s a duck! 
I love ducks

I need more 
data

Metaphors and description spaces

new metaphors 
create new 

description spaces 
or new contexts, 

that is they provide 
meaning to 

observations

game theory

graph theory

circuit theory

. . .
control theory?
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What is control theory?

• “Principles and methods used to design engineering 
systems that maintain desirable performance by 
automatically adapting to changes in the environment”

• More specifically, control theory is concerned with 
designing strategies that ensure the robust performance 
of a system

• Robustness is mainly provided by feedback
• Examples of control systems are everywhere

THE JOY OF FEEDBACK !THE JOY OF FEEDBACK !



5

Water level control

floating
ball

closed
valve

open
valve

feedback

Thermostat
temperature

sensor
desired 

temperature
measured 

temperature

comparator

error signal

regulator
feedback 

signal

heater

heat
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Actuator
Gas pedal

Sensor
Car speed

Computation
Regulation action

Autopilot

feedback

Enzyme regulation

inhibitory
feedback
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Gene regulation

Where is feedback?

easy!

here, there and 
everywhere...
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Feedback and self-regulation systems

SF

F

environmental 
change

“appropriate”
response

S

The “intelligent control” paradigm

functional separation among sensors / actuators / 
decision system
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Control as interconnection

interconnection 
changes 

the overall system 
properties

i.e. its “behavior”

no clear functional 
separation

Examples of “intelligent”
control systems

Actuator Sensor

Computation
(controller)
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Examples of “interconnected”
control systems

vin vout

sensor

A biological 
example?

SELFSELF
REGULATIONREGULATION
SYSTEMS SYSTEMS 
BEHAVIORSBEHAVIORS
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SF

F%

Proportional control system

proportional
feedback (%)

The behavior of proportional control

t

persistent 
perturbation

speed response 
increases with F%

dispersion

steady state 
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Dispersion

strong
feedback

weak
feedback

Response
speed
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SF

∫

integral
feedback

F%

∫

Integral control system

t

persistent 
perturbation

no dispersion

steady state

speed response 
increases with F%

The behavior of integral control
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Perfect
adaptation

Escherichia coli

SF

∫

receptor
activity

receptors 
methylation level

chemo-attractant 
concentration

F%

integral
feedback
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Trajectory tracking

time
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Conclusions

• Control theory provides strategies aiming to obtain 
“appropriate” responses to environmental changes

• Control theory may be able to give meaningful 
intepretation to data and indications on possible 
underlying biochemical mechanisms

• Feedback control is the major source of robustness
• A control system may be composed of separate units 

acting as sensors / controllers / actuators or may be not
• The presence of a control system may be argued by 

looking at “behaviors”
• A control system may be implemented in many 

equivalent ways, but some “behaviors” remain the same


