Commentaries on Albert-Laszlé Barabasi’s books

[Since the initial posting of this comment, | have discussed it with a chemist at the Winter Chaos
Conference 2013, who pointed out some serious problems with the glycolytic reaction system,
one of the systems used to validate the procedure, by omitting the NAD/NADH reaction
(missing in their Figure 3) and the enzymes determining the rate constants. The author’s state
they are working with a reduced system. Too reduced? Further, | have not examined, and
might not understand when | do, if this method of dimensional reduction has significant
differences or advantages over other non-linear methods of dimensional reduction for
dynamical systems (for related references to nonlinear estimation of dimension and attractor
reconstruction, see: http://www.blueberry-brain.org/dynamics/coherence2b.htm.) The authors

here propose a method for estimating the states of all components of a system from measures
on a limited set, so it behooves us to determine its validity, reliability, and its efficiency in so
doing. Given not only the system components mentioned as missing, and the added complexity
of the entire system (http://www.ncbi.nlm.nih.gov/books/NBK22593/), one might be cutious

about its use in real systems and their use in clinical practice. —fda 5 April 2013.]

Special Report from Kyle Findlay on Reconstructing Deep Structure of Complex Networks.

Paper: Observability of complex systems, PNAS February 12, 2013 vol. 110 no. 7 2460-2465,
doi:10.1073/pnas.1215508110

Link: http://www.ccsb.dfci.harvard.edu/web/export/sites/default/ccsb/publications/papers/2013/LiuSlotineBaraba
si_ PNAS 2013.pdf

Thought some on this list [CHAOPSYC] would find this paper by Yang-Yu, Albert-Laszl6 Barabasi and Jean-
Jacques Slotine interesting/useful.

It concerns the observability of a complex system. Specifically their proposed method of reconstructing the
internal state of a system from its outputs.

Abstract:

"A quantitative description of a complex system is inherently limited by our ability to estimate the system's
internal state from experimentally accessible outputs. Although the simultaneous measurement of all internal
variables, like all metabolite concentrations in a cell, offers a complete description of a system'’s state, in
practice experimental access is limited to only a subset of variables, or sensors. A system is called observable
if we can reconstruct the system's complete internal state from its outputs. Here, we adopt a graphical
approach derived from the dynamical laws that govern a system to determine the sensors that are necessary to
reconstruct the full internal state of a complex system. We apply this approach to biochemical reaction
systems, finding that the identified sensors are not only necessary but also sufficient for observability. The
developed approach can also identify the optimal sensors for target or partial observability, helping us
reconstruct selected state variables from appropriately chosen outputs, a prerequisite for optimal biomarker
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design. Given the fundamental role observability plays in complex systems, these results offer avenues to
systematically explore the dynamics of a wide range of natural, technological and socioeconomic systems."

Article/news release:

"(Phys.org) -A complex system can, in principle, be observable - that is, the system's complete internal state
can be reconstructed from its outputs, which would ostensibly involve describing in complete quantitative detail
all of its internal state variables at once. In an actual experiment, however, such measurement is typically
beyond our reach, and so is limited to a smaller number of those variables. Referred to as sensors (or sensor
nodes), these key variables can be used to make the complete system observable. Recently, scientists at
Northeastern University and MIT devised a graphical approach that first derives the mathematical equations
describing a complex system's dynamics, and then determines the key sensors for that system. Moreover,
when applying their approach to biochemical reaction systems, the researchers discovered that the derived
sensors were both necessary and sufficient to describe the complete system. The scientists conclude that their
findings allow a systematic exploration of many diverse natural, technological and socioeconomic systems.

Dr. Yang-Yu Liu comments on the research he, Prof. Albert-L4szl6 Barabasi and Prof. Jean-Jacques Slotine
performed, starting with the three main challenges they faced. "The primary challenge is that for many
nonlinear systems, we don't know the system parameters,” Liu tells Phys.org. "However, conceptually it is quite
straightforward to adopt a graphical approach derived from the dynamical laws that govern a system to
determine the sensors that are necessary to reconstruct the full internal state of a complex system."

In fact, control theorists have been working on the concept of system digraphs some time. Liu and his
associates used this approach to study the observability problem for highly nonlinear systems, which he says
that to his knowledge has not been previously addressed. "The surprise,” Liu adds, "was that, except for some
pathological cases which almost never occur in real systems, the sensors we identified are not only necessary
but also sufficient: Usually, we expect that to observe the system we'd need to monitor more sensors than just
the necessary nodes, since if the topology of a dynamic system's inference diagram is very complex, it's hard
to have any symmetries. However, the complicated topology somehow helped us achieve system
observability." An inference diagram reveals the underlying structure of information flow or casualty when the
measurements are performed.

Lastly, Liu addressed the challenge of reconstructing selected state variables from appropriately chosen
outputs using their graphical approach. "The reconstruction of other state variables is highly nontrivial task," Liu
explains. This is the so-called observer design problem, which can be defined as the problem of designing
observers which are insensitive to nonlinear behavior, sensor noise, modeling errors, and other effects. "For
biochemical reaction systems, or any general nonlinear systems, the observer design problem is very difficult.
In this paper, we were concerned only with observability, rather than the observer design."

Since the team's graphical approach relies only on the dynamics equations, notes Liu, their findings offer
avenues to systematically explore the dynamics of a wide range of natural, technological and socioeconomic
systems. "For any nonlinear systems, as long as we can come up with a suitable set of nonlinear dynamic
equations, we should be able to construct the inference diagram. We can then use strongly connected
component, or SCC, analysis to get the necessary sensors that need to be monitored. This approach is
applicable to any nonlinear system."

This idea alone is tremendously important, since the statistical rules describing different classes of complex
systems (for example, biological systems vs. large-city urbanization) vary significantly. However, to address the
observability problem Liu and his colleagues propose a general framework - so once the complex system's



dynamics equations are derived, the inference diagram can be constructed and the key sensors identified. "For
example," Liu illustrates, "in addition to the biological systems discussed in our paper, one can apply this
approach to social dynamic system such as opinion or social influence dynamics. "

Moving forward, Liu describes other innovations the researchers might develop and apply to the current
experimental design. "We may want to also infer all system parameters, which can be viewed as a special type
of state variables with time derivative 0. This is a rather challenging question, but without knowing the system
parameters, we can never design a real observer to completely construct the system's internal state. We'd also
like to get more biological implications and applications from the biological systems sensors we identified."

Kyle Findlay



