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o Parameter-free approach: system structure

Structural analysis
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|\ Explain behaviours based on the system inherent structure (graph)
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o Structurally assess fundamental properties

o

lnj‘u\/ 3 DYNAMICAL Structural properties

M\@ ?@ NETWORKS Local Interactions Satisfied by all the systems of a family specified by a structure,
traffic management without numerical bounds.

Global Behaviour
o Applications to biochemical systems

Graph Representation

Structural properties in nature

Biological systems — extremely robust: fundamental properties
preserved despite huge uncertainties and parameter variations.
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THE BDC-DECOMPOSITION
x(t) = Sg(x(t)) + 8o,

Example: biochemical reaction network

g monotonic functions Species: A, B, C

B2y

Local BDC-decomposition

Reactions: 0 22 A, A£2B4+C, A+ C 52,

The Jacobian can be decomposed as: From local to global Concentrations: a, b, ¢

For any vector X

J)= 2285 _gaiac, () = diog {‘% } = 0. g (x) — Sg(%) ODE system: °
ox oxp 1 ) ) °
[ J(R+o(x— x))da} (x—%) 3= 20-a(2) ~8ac(2.)
The decomposition is unique (up to permutations). 0 b= g,(a)—gn(b)
1 L
Global BDC-decomposition = i D(x+0(x—x)) dﬁ} Cx=x)| °~ £a(2)~8ac(2:)
Given the equilibrium x (0 = Sg(X) +go), z=x —X. . L1 o
The system can be rewritten as: Z _ _1 _0 1 ga((j)c) " %0
diagonal el 1 -1 9 Bac ( 5) 0
z(t) = Sg(z(t) + x) — Sg(x) = [BD(2)C] z(t), D(z) = 0. e —— £ ,
w:metnc matrix g = rate go = influx
. z=BDCz
BDC-based computation of Polyhedral Vx(x) = inf{wl1: Xw=x} e Lrrn] de. e Dz
Lyapunov Functions for structural stability X full row rank D= dlag{ ag; (5;6- (()gc,( %} =0
ull row . é
Monotonic functions g and dissipative reactions 3—3 <0 . . o 100
exploit the BDC-decomposition! Structurally < for any D; > 0 B= 1 0 0 -1 and C= é 8 (1)
Idea: D(z(t)) — D(t) 1 -1 -1 0 01 0

Based on a discrete difference inclusion,
a numerical algorithm computes the

unit ball of the polyhedral Lyapunov
function (if any) via set iteration. =

Absorb the nonlinear system in a Linear Differential Inclusion

(1) = 2(1),

Any trajectory of the original system is also a trajectory of (LDI).

[BD(t)C] D(t)=0. (LDI)

The procedure converges
— structurally stable

)
To analyse stability we can assume 0 < D; < 1. °
0 -
Polyhedral... why? b_..' . }
The only structural Lyapunov function is polyhedral/ ! 0 +

Structural Steady-State Influence:
BDC-based computation
Structural Influence Matrix

dx Output variation
Input variation m P f(x, u) Yy (at steady state)
) dt
y = g(x) Structural influence of variable j on variable i
input Assuming stability, X € {+,—,0,?}: sign of the steady-state
+ - variation of x;(e) due to a step input acting on x;.
" lincrease | Decrease For systems admitting a BDC decomposition + oor
! + F O+ o+ o+ o+ o+ o+
i ) M Y= + + + 0 + 0 + +
time 0 ? Lj=H(=BDC)E;. 00 0 4+ 4+ + + 0
_E H output matrix, E input matrix — efficient vertex algorithm D
d R S S
Perfect Depends on + + + o+ + + o+ +
adaptation parameters
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