This folder contains Haskell implementations (www.haskell.org) of the operational semantics and the
denotational semantics presented in the paper:

” A Semantic Investigation of Spiking Neural P Systems with Mute Rules”
Authors: Eneia Nicolae Todoran and Gabriel Ciobanu

Submitted to 28th International Symposium on Symbolic and Numeric Algorithms for Scientific
Computing (SYNASC 2026)

The implementations for the operational semantics and the denotational semantics are available in
the files Lsnpmr-osem-cps.hs and Lsnpmr-dsem-cps.hs, respectively. The semantic interpreters
Lsnpmr-osem-cps.hs and Lsnpmr-dsem-cps.hs are engineered to generate all execution traces (irre-
spective of their number or size) assembled in an element of a linear-time powerdomain [1]. An element
of a powerdomain is exponential in the size of execution traces." Thus, the implementations available in
the files Lsnpmr-osem-cps.hs and Lsnpmr-dsem-cps.hs can only be used to test (toy) programs like
the Lgppmr program m; considered in examples 1 and 2 presented in the paper, but become intractable
in case the number of execution traces is large (possibly infinite).

By using techniques presented in [2,3], one can develop semantic interpreters that provide sup-
port for testing complex concurrent and nondeterministic programs, based on either random choice
or finite execution traces. The implementations available in the files Lsnpmr-osem-cps-fin.hs and
Lsnpmr-dsem-cps-fin.hs employ the latter approach: each execution trace is pruned after a specified
finite number of execution steps. Thus, only a finite prefix of specified length is preserved for each
execution trace.

For illustration we examine the Lg,pm, program mp presented below. We note that the Lupmsr
program s implements the SNPMR system II given in [4] (Section 2, Fig. 1), which generates the
set of all even natural numbers. The Ly pm, program m is similar to Lg,pm, program m considered
in examples 1 and 2 given in the paper. However, the declaration for neuron v is extended with the
spiking rule a?/[a] — a which provides support for iteration as explained in [4]. The Lpm, program mo
is defined by 7o = (Na, s2), where:

Ny= neuron v {pe 1 {n,22} }
neuron 11 {a/ + [d], [a®] = a || a, a®/[a] = a1 {2} };
neuron vo{a/ — [a], [a?] = a 1 {vo}},  and

sg = send{r1}a || send{va}a || send{n}a.

The semantic interpreters Lsnpmr-osem-cps-fin.hs and Lsnpmr-dsem-cps-fin.hs can be used to
test the Lgppmr program my, which generates the set of all even natural numbers in a nondeterministic
manner. If for testing the Lg,pm, program s it is specified that the length of the prefix preserved for
each execution trace is 2n then the output neuron will produce spikes (in alternative execution traces)
in steps: 2 and 4, 2 and 6,..., or 2 and 2n, respectively; hence the even natural numbers 2,4, ...,2(n—1)
are generated in this way.?
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1An element of a powerdomain is a structure resembling a tree, or a set of execution ”traces” that can be seen as an
unfolding of such a tree.

2In addition, one execution trace where the output neuron produces a spike only in step 2 is generated, representing
the prefix of length 2n of any execution trace corresponding to an even natural number > 2n.



