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1. Introduction
Challenge. Solving the ODE models describing the dynamics of biochemical reaction networks is often computationally demanding or even infeasible.
A major challenge for reduction techniques is obtaining guarantees wrt. initial system.
Idea. In this work, we simplify the ODEs by exploiting the multiscaleness of biochemical reaction networks. Our method provides a sound enclosure of
the initial solution: we introduce -dominance to define the abstraction, and numerical approximation to derive the enclosure.
Result. An assembly of simpler models of ODEs that provide sound time-dependent lower and upper bounds for the initial model’s dynamics.

2. Multiscaleness

5. Method

3. Idea: Trigonometric functions
... using conservative bounds:

... using Taylor series:

Soundness:

6. Example 2: DNA binding
A simple gene expression model:

In practice:

7. Sumary and References
We design an approximation method for biochemical networks. with the following features:
• exploits multiscaleness,
• combines abstraction and numerical approximation,

Modes changing in time:

4.Example 1: Michaelis-Menten

• enables static analysis: no information
needed about original system’s behavior,
• inspired from tropical geometry: conservatively bound the value of dominated terms
using an amortizing scale separation constant,

... using QSS condition: 0 ≤ k−1 ≤  · k2 :

• bound refinement using conservation laws
(mass invariants),

Graphical illustration:
... after inserting mass-invariants:

Our method can also serve as a technique for
evaluating the faithfulness of existing reduction
methods that do not offer guarantees. In future work, we plan to work on the automatisation and performance analysis on real-world case
studies.

Graphical illustration:

Left:
bounds on [P] for varying  and for
(k1 , k−1 , k2 , [S], [E]) = (0.017, 0.0017, 0.3, 80, 0.2).
Right: The accuracy for different values of .

• approximated system is composed of twoterm ODEs (tropicalized), which by construction provide time-dependent lower
and upper bounds for the concentration of
the initial system’s species.

Bounds on [P] for varying  and for k1 = k2 =
k3 = 0.1, k−1 = 0.01, k−2 = 0.00001, [M ]0 =
1, [DN A]0 = 0.05.
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