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Challenges: Genomic / Proteomic / |' Modgl Structqre
. _ . . Metabolic / Physiological ! Analysis, Selection & |
* Physiology exhibits non-Gaussian, multi-fractal processes . - \Parameter Identification]
and non-stationary characteristics | — ¢

* Modeling inter-patient asymmetric variability &
interdependence among physiological processes

e Accurate yet compact models of physiology
Approach and Scientific Impact:
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* Fractal control algorithms endings

Spatio-Temporal Fractal (STM) modeling of
physiological processes:

* Proposed a maximum causal non-extensive S s -
entropy principle by exploiting micro-dynamics iy | /X | wentifcation *
(increments) of the processes to construct STF [ X g -

* Robust data-driven algorithm to infer fractal Extend ogers M
directed interdependence of physiological LN T
processes described by STF AN
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* Guaranteed optimality to achieve full
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observability of the physiological system weak =
described by STF with minimal sensing efforts Fractal directed Minimal sensor placement

interdenpendence bv STF ldentification



Inference by network model

Findings [ Sl Y

Finding 1: Mathematical & Algorithmic Approach /\/ « / /vem -V mb/d Gy |
for Reconstructing Complex Interdependencv in "7 . e e
CPS under Malicious Interventions 2 — o X /.A -/ .A /, .
* Causal inference tool capable to 002: l{ s Gors Gr & G 4
decipher complex interdependency s oss| 50% w o
of a composable CPS with unknown o1}
component dynamics and 0.06 ;f VAR i . .
unknown attacks % # ngree;"’* oo g . . Jorsg L bes
Finding 2: Curvature-based Approach to Decomposing and * % % o .3.13.3-_35-‘)58 A
Mining Cyber-Physical Systems Interdependency oot y o.s.%'_‘é 06 o5
* Ollivier-Ricci curvature can reveal the hierarchical & community 041”7167 *"933. —
structure of a CPS interdependency without a priori knowledge « ozs g7 \ ANy
on the number and size of communities (in polynomial time) / 02 20505
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Finding 3: The Mathematics of Approximate Submodular Functions (ASMF) for (92, 2,02 = 1)

Nonsubmodular Optimization in CPS T

* Nonsubmodular function f is § away from a submodular surrogate g _;'"

* Lemma: 8§ cannot be arbitrarily low for any function f being limited

1- i §
by 6 = % , Where yy is submodularity ratio i
f

* Theorem: 6-ASMF has constant performance guarantee penalized by é \
*  Applications: Bayesian D-optimality, minimum eigenvalue, Bayesian E-optimality



