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The first part of this talk presents the axiomatic basis of the ideal memristor and its generalized experimental definition via 
its pinched hysteresis loops. A fundamental new theorem will be presented which asserts that all non-volatile memories 
that did not require a power supply, or quantum-mechanical effects, must exhibit a continuum range of memories, which 
can be tuned to emulate synapses. In particular, we will show that the modulation of neurotransmitters during learning is 
akin to tuning the conductance of a memristor. We will emulate the classic Kandel Aplysia learning experiments, as well 
as Bliss-Lomo‘s long-term potentiation (LTP) phenomenon with a single memristor. Moreover, we will solve the heretofo-
re unresolved Hodgkin-Huxley Paradox on the shocking gigantic inductance they had measured from the squid axon by 
showing the potassium and sodium ion channels which Hodgkin and Huxley had erroneously identified as time-varying 
conductances are in fact time-invariant memristors. Furthermore, we will present an experimental voltage-divider circuit 
containing only one Ag/AgInSbTe/Ta memristive synapse capable of mimicking Pavlov‘s conditioning experiments on dogs, 
thereby demonstrating the associative learning phenomenon.

The second part of this talk presents a new law of thermodynamics, dubbed the Principle of Local Activity, which allows the 
entropy to decrease, and provides the rigorous mathematical foundation for the generation of action potentials in the Hod-
gkin-Huxley equation, as well as Alan Turing‘s seminal paper on the emergence of complex phenomena and morphogenesis.

We conclude this talk by showing that intelligence and life must operate in a Goldilock‘s zone of local activity, dubbed the 
edge of chaos.

Co-Hosts: Giacomo Indiveri (UZH), Juerg Leuthold (ETHZ), Mathieu Luisier (ETHZ), and Jean Fompeyrine (IBM)

This presentation aims at promoting the research themes of CogiTech/BRICO^2, an envisioned Swiss collaboration on brain-ins-
pired cognitive computing between UZH, ETH, EPFL, IDSIA, UniBe, IBM, EMPA, and PSI.
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Distinguished Lecture Series

COMPUTATIONAL 
SCIENCE
ZURICH


