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Source: https://www.ald.softbankrobotics.com/en/robots

Pepper + Romeo

Source: https://www.ald.softbankrobotics.com/en/robots

Cozmo

“Say hello to Cozmo, a gifted little guy with a mind of his own. He’s a real-life robot like
you’ve only seen in movies, with a one-of-a-kind personality that evolves the more you
hang out. He’ll nudge you to play and keep you constantly surprised. Cozmo’s your
accomplice in a crazy amount of fun.”
Source: Intro text at https://www.anki.com/en-us/cozmo

Sophia

Source: https://en.wikipedia.org/wiki/Sophia_(robot)

• “It’s obviously bullshit”, Joanna Bryson (Researcher in AI Ethics at Univ. Bath
• “Obviously these are programmed answers”, Piers Morgan, during an interview
with Sophia.
• Sophia is “basically alive”, David Hanson (creator of Sophia and former
employee at Disney)

Common Goals for Social Robots

• Teach simple values to children, [Hildman et al, 2008]
• Entertainment using lifelikeness properties, [Dorin, 2004]

• “Supporting people through interactions with body movements and speech.”,
[Kanda, Ishiguro, 2013], chap 2
⇓
What’s the meaning of “supporting” ? Assisting/helping people ? Making people
happier ? Humanizing the place ?

Is technology up to the job, i.e., being accepted ?

What means to be social ?
• To be able to create and maintain relationships with other people ...
m
Needing companionship (from Google Dictionary, Oxford Dictionary, etc)
m
Companionship implies some form of closeness / being in some neighborhood
• To be able to model a math relation between the outcomes of an individual and
those of their (team)mates, [Kline, Tamer, 2011]
• Strong social relationships not really necessary for survival (several animal
species seem to demonstrate this)
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Lotka-Volterra model – Population with 2 species I

dx
dt

= αx − βxy ,

Prey equation

dy
dt

= δxy − γy ,

Predator equation

• The x, y variables express the number of elements in each population
• The model expresses a social relation between 2 societies

In Social Robotics we want (i) to build relations, and (ii) to control them (and hence we
need to understand how they work)

Lotka-Volterra model – Population with 2 species II
• (x, y ) = (0, 0) is a stable equilibrium
• (x, y ) = (γ/δ, α/β) is a stable equilibrium (see [Scarpello, Ritelli, 2003])
• But these may not be the most interesting points ...

https://www.maths.dur.ac.uk/ ktch24/term1Notes(10).pdf – this shows the orbits for a range of initial
conditions; also the parameters differ from the previous example

Lotka-Volterra model – Population with 2 species III

https://www.maths.dur.ac.uk/ ktch24/term1Notes(10).pdf

• Any solution is periodic and the orbits wander around (x, y ) = (γ/δ, α/β)

Giovanni Mingari Scarpello and Daniele Ritelli
“A New Method for the Explicit Integration of Lotka-Volterra Equations”
Divulgaciones Matemáticas 11(1):1-17, 2003.

Naive modeling I
• Example of an apparently reasonable model of social interactions in a group of
simple agents
• Show that in a general situation at least some weak form of interaction must exist
for the group to survive, this meaning all individuals to survive
• Assume that each agent in the team is modeled after its outcomes (exact
physical interpretation of the outcomes, if any, is not important), with outcome of
the i-th agent being described by xi
• Assume that the i-th agent interacts with the j-th agent sending him information
coded in its outcome, i.e., ai xi
• Assume that agents collect the information from the mates they interact with
additively

Naive modeling II

• If needed, include some noise (k ) to represent uncertainty
xi (k + 1) = ai (k )x(k ) + i (k )
with x(k ) = [x1 (k ), . . . , xn (k )] the vector of outcomes, at instant k , of the other
agents with whom agent i has some form of relationship, ai is a line vector with
the weights of the relationships with the teammates, and k the time index

Naive modeling III
• The global model can be written stacking the individual models
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• This is a well known discrete-time dynamic system which is known to be stable if
A has eigenvalues inside or at the boundary of the unit disk (let’s assume A time
invariant)
• Similar results from Consensus Theory (see [Olfati-Saber et al, 2007] for Perron
systems – systems with an adjacency matrix of the form P = I − ξ L)

Naive modeling IV
• Contraction Theory states that if, during all steps, the following holds, i.e., the
system is “contracting”,
dv (x(k + 1)) < dv (x(k ))
or, using the triangle inequality,
dv (x(k + 1)) < dm (A) dv (x(k )) + dv ((k ))
then, asymptotically,
dm (x) < (1 − dm (A))−1 dv ()
with dv (), dm () consistent vector and matrix norms (see [Lütkepohl, 1996]).
• Stability “too strong”, e.g., asymptotic stability, kills the society ...
• ... the contraction property may not be suitable to social development

Stability of complex systems I
• Still, stability notions are potentially good descriptors of the condition of a society,
i.e., of what we can reasonably expect for the evolution of the society
• “The term ’stability’ has different meanings in different fields and can be
ambiguous even within a field. It is typically used in a sense that is synonymous
with, for example, ’robustness’, ’resilience’, ’viability’ or ’adaptability’. ... we
consider the meaning of notions of stability across different disciplinary contexts
in order to provide a framework for applying such notions to social institutions in
general ...”, [Wiesner et al, 2019]
• Modal vs temporal stability
• Modal refers to insensivity of behavior to changes in the system
• Temporal refers to persistence over time or resistance to perturbations

Stability of complex systems II

• (Complex) dynamics systems notions – Mostly based in Lyapunov stability
• Local vs global stability, Stability vs asymptotic stability, Input-output vs
input-to-state vs state-to-output stability
• Ecological stability is a generalization of Lyapunov stability for arbitrary bounded
perturbations
• Perturbations are arbitrary (not small) but bounded
• Still not enough to deal with social systems – Needs to account for
changes in the structure / topology of the systems
• Instead of a system one considers a class of systems (encompassing all
the possible “perturbed” systems, i.e., all viable systems)

Stability of complex systems III
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A simple “equalitarian” society I
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A simple “equalitarian” society II

(a) Outcomes

(b) Performance indicators

A = ones(3, 3), x(0) = [1.01, −2, 1]

A simple “equalitarian” society III

(c) Outcomes

(d) Performance indicators

A = ones(3, 3), x(0) = [1.01, −1, −0.01]

A simple “equalitarian” society IV

• The discrete-time LTI system that models the society has eigenvalues at 0, 0, 3
• This means that initial conditions aligned with the eigenvectors associated to the
0 eigenvalues will bring the outcomes to 0
Initial conditions not aligned with the 0 associated eigenvectors lead to the
explosion of at least one component of the state
The eigenvectors are defined by the relation
(check it)

P3

j=1

aij xj = 0, for any i = 1, 2, 3

