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Reaction Systems

RS is a qualitative model:
- no permanency,
- no counting.

Key concepts: Facilitation and
Inhibition

A reaction (R, I ,P) is composed
by reactants, inhibitors and
products.
Reaction System: A = (S ,A)

Behavior is not monotone.
(Fig. 16.10). Similarly, in typical negative regulation, the DNA-binding form of a
repressor protein is converted to its inactive form by binding the signal molecule.

4.1. The Operon Model of Gene Regulation

An operon is a cluster of genes that are transcribed together to give a single messenger
RNA (mRNA) molecule, which therefore encodes multiple proteins (Fig. 16.11). Such
polycistronic mRNA is typically found in prokaryotes. The genes in an operon are often
related functionally, so it makes good sense to regulate them as a group. For example, an
operon may encode several enzymes that take part in the same biochemical pathway.
Some operons have only a single gene; most have two to half a dozen and a few havemore.

The operon model for regulating bacterial genes was first proposed by François
Jacob and Jaques Monod using the negatively regulated lactose genes of E. coli as an
example. Since then a vast number of bacterial genes, including those with activators
as well as those with repressors, have been fitted to this model or variants of it.
Operons are very rare in eukaryotes, but do exist (Box 16.01)). The lactose operon,
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FIGURE 16.10
Principle of Positive and
Negative Regulation

In positive regulation, a signal
changes the conformation of an
inactive regulator, which then
becomes active and binds to the
regulatory region of a gene. Its
presence aids the binding of the
RNA polymerase and helps switch
on the gene. In negative
regulation, a repressor molecule
blocks the promoter of the gene. A
signal changes the conformation of
the repressor, releasing it from the
gene and allowing the RNA
polymerase to bind.

Operons are clusters of genes
that are controlled as a unit.

operon A cluster of prokaryotic genes that are transcribed together to give a single mRNA (i.e., polycistronic mRNA).
polycistronic mRNA mRNA that carries several structural genes or cistrons.
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Figure: Principle of Positive and Negative
Regulation
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- Modeling and in silico experiments,
- Visualizing of LTS
- Verifying properties: reachability, model checking, equivalence.
- Analysis: causality, slicing, attractors, profiling.
- Transformations: positive form, minimization.
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Contribution

The main contribution is a rewrite of previous Prolog code in Rust.

- ReactionSystems: contains the basic structures, parsers and a
CLI.

- ReactionSystemsGUI: implements a native and web
application with a custom visual language to interact with RS.
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Example
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Structure

The libraries are more than 30k lines of code, organized in
workspaces that allow easy development; the visual language has
29 types and more than 70 node operations.

analysis

grammargrammar_separated

executionbisimilarity

assert

rsprocess

Set Reaction Choices

Label Environment Process

SystemGraph

Grammars have been specified and developed for the RS structures
using lalrpop.
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SOS rules

P ::= [M ]
M ::= (R, I ,P)

| D
| K
| M |M

K ::= 0
| X
| C .K
| K + K
| recX .K

Mutual Exclusion of 2 looping processes:

Environment: [
k1 = ({}.k1 + {act_1}.k1),
k2 = ({}.k2 + {act_2}.k2)

]
Initial Entities: {out_1, out_2}
Context: [k1, k2]
Reactions: (. . .)
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Graphs

To explore the structure of RSs, methods are provided to create
and manipulate graphs.

Domain specific languages have been
developed for:
− specifying labels of nodes & edges,
− specifying color of nodes & edges,
− grouping of nodes,
− relabeling of edges.
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Positive Reaction Systems

Instead of considering the absence of an element, consider the
presence of a negative element:

Reaction: (R,P)

An equivalent Positive RS can be built for each RS.
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Slicing

Dynamic slicing is a technique that helps a user to debug a
program by simplifying a partial execution trace.
The goal is to highlight how a subset of the elements in a state
were originated.



Modeling Reaction Systems
Design

Bisimulation

A common question given two RS processes is if they behave the
same. Bisimulation is a binary relation between transition systems
defined in therms of coinductive games, of fixed point theory and
of logic.
Two algorithms have been implemented: by Kanellakis and
Smolka, and by Paige and Tarjan.
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Kanellakis and Smolka

The algorithm by Kanellakis and Smolka is based on the concept
of splitter.

s1 s2 s3

s4 s5

B1

B2

→ s1 s2 s3

s4 s5

B1 B3

B2
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Paige and Tarjan

The algorithm by Kanellakis and Smolka has time complexity
O(n · m). By reducing to the coarsest stable partition problem, the
complexity can be reduced to O(n · log(m)), since three-way
splitting can be performed in time proportional to the size of the
smaller of the two blocks.

The algorithm is specified over systems with only one action, but
other systems can be transformed into equivalent ones.

P1 P2
α1

P3

α2
α2

→ P1 P2

P3
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Testing

During the development to validate the program automated tests
and manual integration have been used.

Flame Graph
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Figure: Profiling using perf and flamegraph.
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Conclusion

Key contributions:
• New RS modeling platform that aids in analysis and design,

implemented in 30k lines of Rust. Provides a CLI and a GUI.
• Comprehensive Feature Set: simulation of RS, bisimulation of

graphs, trace slicing, graph generation with Dot, GraphML
and SVG outputs, loop analysis, automated conversion
between RS types.

• Improved performance and usability compared to previous
software written in Prolog and Python.
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