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Two Moments in QP (1)



The Copenhaguen Debate

Bohr Einstein
* Heisenberg e Born
 Dirac  Pauli

Schrodinger De Broglie
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The Copenhaguen Debate

Indeterminism Determinism

e Complementarity  Quantum Mechanics

* Uncertainty * Realism
Schrodinger’s Hidden

Paradox Variables
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P. Dirac,
The Principles of Quantum Physics

* Superposition * The Quantum
e Dynamical Variables Conditions

and Observables  The Equations of
* Representations Motion

__________________________________ * Perturbation Theory

Decoherence = mmmmmmmmmmmmmmmmmmmemmmmeeeeeee-

Uncertainty Complementarity
Non-locality Interference



Heisenberg

o

* “If we know the present exactly, we can
predict the future” —it is not’ the
conclusion but rather the premise which
is false



EPR’s Paper: 1934

 Can Quantum Mechanical Description of
Reality Be Complete?

A. Einstein B. Podolsky N. Rosen



And then...



Zweiter Weltkrieg
Rusgslandfeldzug 1941-1942




Two Moments in QP (2)



The 1960s

* The “Wholeness”

* Cfr. System thinking, system science,
cybernetics. Complex thinking

e ..The sciences of complexity...
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* The Revolution in Modern Science

Introduction by F.S.C. Northrop

Philosophical
Problems of
Ouantum Physics
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Bohm and Feymann

e Hidden Variables e Quantum Mechanics

and Quantum

* The spirit of wholeness: Electrodynamics
three parts: quantized
motion, statistical
causality, and

Indivisible wholeness



Oppenheimer

* |f we cannot disprove Bohm, then we must
agree to ignore him




Hidden Variables

* Critique of non-locality
e A determinist system of reality



REALITY

 MACROSCOPIC e MICROSCOPIC
second =1/60 m mili = 103
minute = 1/60 h micro = 106
day = 24 hs nano = 102
year = 365 ds oico = 1022
century = 100 ys famto = 1015
million years = 10° Ao = 10°18

billion years = 1012

Planck time: 1042 secs



Learning the Dimensionality of Hidden Variables

ABSTRACT: We examine how to determine the number of states of a hidden variable when learning probabilistic models. This problem is crucial for improving our ability to learn compact models and
complements our earlier work of discovering hidden variables. We describe an approach that utilizes a score-based agglomerative state-clustering. This approach allows us to efficiently evaluate models with
a range of cardinalities for the hidden variable. We extend our procedure to handle several interacting hidden variables. We demonstrate the effectiveness of this approach by evaluating this on several
synthetic and real-life data sets. We show that our approach learns models with hidden variables that generalize better and have better structure then previous approaches.

1
O Importance of dimensionality

’,/' noI( l:(rodn;clnglnew X ‘ /A X
< :: > independencies Y ‘:D \

he{1,2,..,n} he{1,2,..,n1}

Representation: The minimal |-map — minimal structure
which implies only independencies that hold in the marginal
distribution — is typically complex

Improve Learning: Models with fewer parameters allow us to
learn faster and more robustly.

@ Behavior of the score

« Efficient computation: N[h;,Pa,] + N[h;,Pa,] = N[h;,Pay]
and does not depend on other states

« Complexity reduction
increases the score

The Alarm network:
STROKEVOLUME score progress

« Score of Family, is
increased when |H|
is smaller 151000

Score
2

« Score of Familycpgn,

is decreased and o
towards a single
state drops rapidly g

123458788010
number of states

K 4
O The FindHidden Algorithm

A hidden variable discovery algorithm (Elidan et al, 2000)
that uses structural signatures (approximates cliques) to
detect hidden variables.

(“Semi-Clique S with N nodes

+ Propose a candidate network:
(1) Introduce A as a parent of all nodes in 5
(2) Replace all incoming edges to S by edges to 4
(3) Remove all inter-Sedges
(4) Make all children of S children of Hif acyclic

@
Problem with Naive Approach

Why not apply EM estimation for each cardinality until
optimum is found?

»Score is not decomposable and estimations are used
(e.g. Cheeseman-Stutz)

»Several EM iterations for each cardinality are
computationally intensive

Idea: When data is complete, different models are compared
using a decomposable score such as the Bayesian scoring
metric:

‘Score (6:D)=log P(6| D)= FamScore , (Pa, : D)‘

@ Single Hidden Variable

24 Variables in the Alarm network were hidden separately
and the agglomeration method was applied:

* Perfect recovery for 15 Alam: Cardinality deviations
variables, single missing 00:

1008 — e
state for 2 variables - el
o ‘
N
e
o |

Samples Mo S m  wos  me s oo

« 2 variables received an
extra state to explain
random dependencies
for children with
stochastic CPTs

Precentage of 24 variables

« 5 redundant variables
collapse to a single
state (confirmed by
exhaustive EM runs)

WComecl @ Single missing stele i Collapse fo one stale @ Oer

@ Integration with FindHidden

® FindHidden O wih Agglomeration
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Log-loss performance of FindHidden with and without
agglomeration on test and real-life data. Base line is the
performance of the original input network.

@ Choosing the dimensionality

Agglomeration Tree of
the HYPOVOLEMIA node
in Alarm, Leaves show
assignments to MB. Nodes
are numbered according to
agglomeration order and
show change in score

« Start with a unique state
for each Markov Blanket
assignment

« Combine two states for
maximal improvement

« Choose the best number
of states

@ Several interacting variables

True model

« Bottom-up Round-robin
iteration between hidden
variables

« Initialize using only
observable nodes

* Improvement to score
guarantees convergence

+ Naive binary model is @)
significantly more complex " binary states
® (52 ®
W
Qlo53010)
—

@ Summary and Future Work

v Introduced importance of cardinality for hidden variables

v Implemented a computationally effective agglomerative
method to determine the number of states

v Showed effectiveness for single and many hidden variables

v Improved performance and quality of models learned when
combined with FindHidden

Future work:

» Use additional measures to discover hidden variable
such as edge confidence, information measures
computed directly from the data, etc.

» Handle hidden variables when the data is sparse

» Explore hidden variables in Probabilistic Relational Models

Gal Elidan, Nir Friedman

Hebrew University
{galel,nir}@cs.huji.ac.il

The TB network
(data thanks to P. Small)

homeless

pob

hivpos X-ray

L\

disease_site

smpros

gender

The TB network
after FindHidden

Captures.

(1) older, HIV negative,
foreign-born Asians

(2) younger, HIV-positive,

US-born blacks

diseas

homeless

The TB network after
FindHidden with
agglomeration

(1) US born, <30 or >60, HIV

(2) US born, 30-60, probable HIV:

(3) Foreigners, Hispanics, possible HIV
(4) Foreigners, Asians, HIV negative

hivres hivpos

clustered

disease_site



FAPP

* We believe that some things happen with
such high probability that FAPP it is
reasonable to suppose that they happen with
certainty
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J. Bell

 CERN

 Quantum Entanglement
* Bell dreamed of a theory
with entities that were real
regardless of the actions of
the experimentalists, which
nonetheless produced

the same results as
guantum mechanics

H \
-y
|




Bell

De Broglie

Einstein

Bohm
Von Neumann



 The Moral Aspect of Quantum Mechanics, by
Bell and Nauenberg: “We look forward to a
new theory which

* Bell, Speakable and Unspeakable in Quantum
Mechanics (2004, 2011)



Entanglement

* Bell dreamed of a theory with entities that
were real regardless of the action of the
experimentalists, which nonetheless produced
the same results as quantum mechanics

* An entangled state is not the product of two
individual states — two particles in an
entangled state have no individual states



Quantum entanglement is kind of romantic. Yet the mystery of their fate is necessary.
Two particles with an entangled fate, When you determine the value of one of them,
no matter the distance between them... the wavefunction collapses and entanglement ends.

Is there a right answer
to this question?




1976

* Fry: demonstrated entanglement, and the
absence of any local, realistic explanation

* At MIT, a decade after, entanglement of three
particles



Relativity and Entanglement

e Relativity is adamantlya ¢ seems to deny that
local theory about these attributes can
separable, real objects actually all coexist in

nature



Quantum Parallelism

* Quantum computation and entanglement

* Could a classical computer simulate a
quantum system? No! This is called the
hidden-variable problem



C. Fuchs

 “Almost all the formal structure of the
guantum theory is not really about physics at
all. It is about the formal tools for describing
what we know” (1998)

e i.0.w: The wave function is
knowledge




Zurek

* An unending process of movement and
unfolding

e Of Information



Criptography

e S. Lloyds: The universe is a guantum system,
and almost all of its pieces are entangled.




Matter — Energy - Information

* Uncertainty provides the seeds from which
new detail and structure emerge, and through
entanglement, quantum mechanics, unlike
classical mechanics can create information out

of nothing.



* |f the quantum computer entangles with its
environment, it will produce random results
(that is, results that are correlated with things
the computer programmer does not want and

cannot control).



* The more entanglement is available, the
better suited a system is to quantum
information processing



1997

* Quantum
Teleportation:
A. Zeilinger

< $00m >

Alice cinscn aveet Bob

via microwave Dok




Zeilinger

* Quantum mechanics: there is no
difference between epistemology and
ontology: being and knowing are
intertwined



The Importance of QT

* All new technology is QP-based

* |tis by far the best tested and most predictive
theory, ever

* |tis (my contention) along with the theory of
evolution the two hard-core theories in
science, at large



However...

* General Theory of Relativity

* Quantum Theory

* The challenge of unification

- Quantum field theory (etc.)



Two of the ultimate problems

e A) Understanding or explaining the origins of
life — P1

 Understanding the logics of life — P2

 We tackle problem P1 via P2, i.e. not what life
is, but what do living beings do in order to live



Claim

* Living beings solve NP problems, NP-Hard
problems and NP-complete problems as P
problems

* For living beings computing is a matter of lif or
death

* Living beings hypercompute



Complexification of Engineering



Goods and Services

]

Systemsor
software that
support
engineering
activities

Meta-Engineering

Conventional Engineering

“Intelligent” solutions

Classical Engineering

Knowledge

]

Complex Engineered Systems

Prediction

Predictability
Transparency

Stability

Reliability

Controllability {centralized
control)

Coupling classical
engineeringwith
enterprise
activities

Reversed systems

Systems of systems
engineering

+ Systemsintegration {verticaland
horizontal)

* Synergy

+ Coordination

+ Interoperability

+ Uncertainty
+ Reliability
+ Durability

Engineering

+ Reuse
+ Analysis of existing systems

Linearization
of nenlinear
systems

Unconventional
Engineering

“Emergent” solutions

Inaccuracy
Learning

Vagueness

Bio-

inspired Engineering

Scalability
Flexibility
Evolvability
Adaptability
Resilience
Robustness
Self-menitoring
Self-repair
Self-organization

* Matterand energy
+ Simple and complicated systems (=linear systems)

* Localresearch

* Exact methods, heuristics
+ Single solutions

Normal Science
(Little Science)

Arrow of complexification

Information and computing

Complex systems (=nonlinear systems)
Large-scale research

Metaheuristics, hyperheuristics
Solution space

Sciences of Complexity

(Big Science)

v




The Complexification of
Engineering

CARLOS E. MALDONADD AND
NELSON A. GOMEZ CRUZ

This paper deals with the arrow of complexification of engineering. We claim that
the complexification of engineering consists in (a) that shift throughout which engi-
neering becomes a science; thus it ceases to be a (mere) praxis or profession; (b
becoming a science, engineering can be considered as one of the sciences of complex-
ity. In reality, the complexification of engineering is the process by which engineer-
ing can be studied, achieved, and understood in terms of knowledge, and not of
goods and services any longer Complex engineered systems and bio-inspired engi-
neering are so far the two expressions of a complex engineering. © 2011 Wiley
Periodicals, Inc. Complexity 17: 8-15, 2012

Key Words: complexity; engineering sciences; complex engineered systems; bio-
inspired engineering

1. INTRODUCTION

e are currently facing a dynamic process of complexification of engineer-
ing sciences. To be sure, such is a proof of vitality and change that, none-

theless, is to be fully understood and explained. The aim of this paper is



Biological hypercomputation



Biological Hypercomputation: A New
Research Problem in Gomplexity
Theory

This article disausses the meaning and scope of biological hypercomputation (BH) that
is to be considered as new research problem within the sciences of complexdiy The
framework here is computational, setting out that life is not a standard Turing Machine.
Living systems, we claim, hypercompute, and we aim at understanding life not by what
itis, but rather by what it does. The distinction is made between classical and nonclassi-
cal hypercomputation. We argue that living processes are nonclassical hypercomputa-
tion BH implies then new computational modds Finally, we sketch out the
possibilities, stances, and reach of BH © 2014 Wiley Periodicals, Inc. Complexity 000:
00-00, 2014

Key Worts: complex systems; biological information processing; nonclassical

hypercomputation; theoretical biology; complexification of computation CARLOS E. MALDONADD'
NELSON A. GOMEZ CRUZ®




Biological
hypercomputation
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Quantum Biology
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Does quantum biology contribute to the understanding of complex
systems?

Carlos E. Maldonado®*, Nelson A. Gémez-Cruz®

“Schoeol of Political Science and Government, Universidad del Rozario, Bogeta, Colombia
*Modeling and Simulation Laboratory, Universidad del Rozario, Bogotd, Colombia

Abstract

Since its ongms quantum biclegy (QB) has seen an astomshing and promising growth. Ranging from experimental to theorefical
approaches, the concerns are wide and deep. This paper asks whether QB does contmbute to complexity science (C5), and
provides five arguments, thus: (1) Firstly a state-of-the art of QB and its relafionship to CS is provided. Thereafter, the attention 1s
directed to answering the question set out. The paper argues that QB can contribute to complexaty theory via four steps, thus: (1)



Living organism layers Time scale References
Molecular dynamics Nanoseconds Secrier & Schneider, 2013
Organelle subprocesses Nanoseconds Secrier & Schneider, 2013

Sound localization

Motion detection

Motor coordination

Protein complexes processes
Protein networks dynamics

Cell cycle / biological clock

Cell division

Organ development
Organism development
Population dynamics

Microseconds
Milliseconds/seconds
Milliseconds/seconds
Hours/days

Days

Days
Days/weeks
Days/weeks

Weeks
Billion years

Buonomano, 2007
Buonomano, 2007
Buonomano, 2007
Secrier & Schneider, 2013
Secrier & Schneider, 2013

Buonomano, 2007; Secrier
& Schneider, 2013

Secrier & Schneider, 2013
Secrier & Schneider, 2013
Secrier & Schneider, 2013
Secrier & Schneider, 2013




Understanding QT in Complexity
Theory

* Most subjects and domains in CT pertain
the macroscopic universe



Complexity is Time

* Without being reductionist we claim safely
claim that complexity is (= is rooted,
embedded, coincides with, grounds, ...) in
time, i.e. the arrow of time



TiITIE‘

/Future light cone

-, The light from the event has not had time
to reach us. It will reach us in the future.

An event which happened outside
< our past light cone

Past light cone



Thermodynamic Arrow

Direction of fime in which
disorder (entropy] increqses

Cosmological Arrow

Direction of fime in which the
universe expands rather than
contracts

Psychologcial Arrow

Direction of fime in which we
remember the past but not the future;
how we "feel” ime passes



Quantum uncertainty — Quantum Atom
AxAp*=h/4n represents K=1/4m e, Theory
the same uncertainty (E =M. C%) ™
we have with any .
future event ' : Positive +
-4 Quantum wave partic symmetry
\|;; / function ‘¥ forming
a square of future Future
i probability C2 AE At>h/2m
11 F= 2 +1
OF 7 I i : 1\/[3C4;@XOO
€ + 1 _ 01 h - o |
-1 Euler Ide i b= 5, The Planck Constant is a constant
Past is interwoven into thep i of action in the process we
Negative - dynamic fabric of | seeﬂand f61 as the
symmetry our Universe. OW o1 Lime.

- 4i
Quantum mechanics represents the physics of ‘time’ as a physical process. The future

1s continuously coming into existence with each new light photon oscillation
or vibratidq within an infinite number of dynamic ref€rence frames.
We have aprocess of continuous creation, coptinuous energy
exchange that we comprehend as the time continuum.
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THE NEW SCIENCE OF LIFE
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What is Life?

with Mind and Matter
and Autobiographical
Sketches

ERWIN SCHRODINGER




THE SIZE OF STRIMGS

Glass of water
m

Strings are the smallest, least accessible objects known to u.m;wmlmnagmdmmmummmdam
molecule, a atom, a an electron, a quar wammmmmm“ummwm magnitude, For
perspective, f an atom were the size of our solar system, a string be somewhat langer than an atomic nucheus.



B cell

Ammong the most dangerous enemies
we humans face are our own distant
relatrves, the microbes. No hwuman
being can long withstand their on-
slaught unprotected. We swvive
because the human body has a vanety
of effective defenses against this
constant attack.

.nn..mlpatorg

The mammalian immune system has twa ovararching
divisions The innate pars [Jeft side] acts near eniry paints
inta the body and is always at the ready Ifn fards o

P:!hourr n—x

conlain a pathogen, the adaptive division [right side| kicks in,
maunt:ng a Jater but highiy targeted attack against
the specificinvader.

Teell racognizing % D
3 specific antigen — -

Monocyte ,

0'

Benophil Blood vessel

INNATE IMMUNE SYSTEM

This system includes, amonrg other comporents, snmicrobial
molecules and varieus phagocyies [cetls shatingest and destrey
pathogens) These cells, such as dendeinic Cel’s and macrophages
alsa activate aninflammatory cesponse, secreting proteins calied
cytakinas that trigger aa Influx of defensive cells from the bloud
Amangthe rozruits are more phagorytes—notably monocutes
[whrch can mature into macrophages) and neutrophils

‘mwa:ec B eall
(plasmacell)

.-/

~f

Antigen

Infetied cell
displaying
antigen

Icellau'acmr.g
infected cell

7 |

Memory T cell @ /

ADAPTIVE IMMUNE SYSTEM
Thissystom “stars"Beells and Teells. dcuvatecd cells secreve
antibody molecules Thatponi to antigens - specific components unique
tnapiveninvader--and desttoy the invader diractiy of mark i1 far
mm(k by others Tcellsrecepaize antigens displaged on cells. Seme
Teells help te acuvate d cells and other Teells lhor shown), ather T cells
directly attack infected ceils. 7and D ceils spawn Inemory’ celis that
promptly eliminate invadess encountered nefore

= Antlbody

Memory Beell




Quantum
Information

Atomic Quantum
Physics / ~ Optics

Light-

Harvesting
Biological )

Complexes



 Working on a theory of life. Now, a theory of
life entails a theory of the material reality. As
vet, these are complex phenomena.

 Working on a (general, crossed, transversal,
united, .... theory of complexity

TC<-->TL



Macroscopic world

Microscopic world

Time scale  Conversion Factor Time scale Factor
Second 100 Millisecond 103
Kilosecond  16.7 minutes 103 Microsecond 10
Megasecond 11.6 days 106 Nanosecond 107
Gigasecong 32 years 10° Picosecond 10-12
Terasecond 32 000 years 1012 Femtosecond 10°1°
Petasecond 32 million years 1015 Attosecond 10-18
Exasecond 32 billion years 1018 Zeptosecond 102
Zettasecond 32 trillion years 1021 Yoctosecond 1024
Yottasecond 32 quadrillion years 102 Plank time 10-44




Ecosystems
Niches
Biomes
Communities
Populations
Species
Classes
Families

Organisms _X__:_ <
Organ systems '
Organs

Tissues

Cells
Organelles
Macromolecules
Molecules

|

|

|

|

|

|

|

|

|

|
Atoms .
Subatomic particles v _/

Biosphere AN
|
|
|
|
: > Homeorhesis
|
|
|
|
|

> Homeostasis




Table 2: Physical scale and time scale in living beings

Living organism layers Time/scale
Organism Meter(s)
Organs Centimeter(s)
Cells Microns
Molecules Nanoseconds
Genes Femto to Picoseconds

(Most) Chemical reactions

Femto to Attoseconds




e Q effects in biology have been posited in:

— Olfaction

— Magnetic sensing

— Photosynthetic energy transfer
— Photoenzymology

— Molecular motors

— lon channels

— Consciousness



Summary of a selection of the main
experimental and theoretical works on
functional QB

Photosynthesis Cryogenic-temperature quantum
coherence (QC)
Ambient/room-temperarure QC (FMO)

Ambient-/room temperature QC (Algae)
Environment-assisted transport
Alternative viwes

Radical pair magnetoreception Early proposals and evidence
Mathematical models
Indirect evidence (light dependence,
magnetic field)
Experiments on radical pairs

Other examples Olfaction
Vision
Long-range electron transfer
Enzyme catalysis



The most important steps in the transfer of
information within a cell are the folding,
transport and recognition of proteins

)

3
!

‘
— 7
%

AN
& | 5 Y

\

unfolded folded



* Biology is remarkable in that the range of time
and energy scales over which biological
processes occur spans seven orders of
magnitude, ranging from ultrafast solvation
times in water on the order of femtoseconds
to the slow rotation of a protein which can
take tens of nhanoseconds



 Computation can be thought of as a process
that combines digital information with
variation to produce complexity

* The universe itself is a universal computer that
is effectively programmed by random
quantum fluctuations



What is life?

 Life is an information processing system

* Processing information is for living beings a
matter of death or life



Quantum mechanics

* QM has two features that guarantees the
emergence of complex systems such as life:

— Discreteness
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* The outcomes of some quantum events are
inherently probabilistic

* Because it is probabilistic, the computing

universe is effectively programmed by random
guantum events called quantum fluctuations



Q-decoherence

* The process by which QM generates new,
random bits of information

* Decoherence is ubiquitous

* QM is constantly injecting brand new, random
bits into the universe



* Apparenty all that is requiered for proto-life is
the existence of physical systems that
reproduce themselves with variation

* Reproduction and variation seem to suffice



 Computation can be thought of as a process
that combines digital information with
variation to produce complexity

* The universe itself is a universal computer that
is effectively programmed by random
quantum fluctuations



e Searches of sequence space or configuration
space may proceed much faster quantum
mechanically

* Decoherence time is the time that the full
quantum superposition of all possible states in
the combinatorial library before the
interaction with the surrounding environment
destroys it



Physics, i.e. QP may be incomplete

The biosphere is doing something literally
incalculable, nonalgorithmic

1944: Schrodinger brought QM, chemistry and
“information” into biology

QM comes to the rescue of life!



 What we call guantum theory is currently
mostly information theory

* Along the line, it all is not just about
description but about interpretation

* Entanglement is still calling for an explanation



* From Matter to Enegy to Information

* To Matter-Energy-Information

* Physics is not about reality or nature but
about what we know about the universe






Realm of the Realm of the collapsed

wavefunction wavefunction
(‘field of ("physical reality’)
probability’)

quantumjdivide

Ultimate Reality Conventjonal
Realm of emptiness Reality
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Thomson model

In the fesateenth contury, Thomson descridbed
the 2om as 2 bal ot mwmmnm
2 numbec of electrons.
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Bohr model

Afer Rutharford's dincovery, Bobr proponed
Ut slegtrons travel @ gofale 0ty wound
the secieon.

Development of Atomic Models
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COMPLEXITY OF THE UNDERSTANDING OF
LIFE




* The debate remains open concerning the

relationships between the discrete and
continuous

e ¢ls reality continuous, or is it discrete?



 Thank you so much!



