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SN P systems with coloured spikes and multiple channels in the rules.
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Use SN P systems with multiple channels in the rules and different kinds of spikes to directly
simulate other computacional models inspired by viruses and plasmids
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A SN P system with multiple channels and colored spikes (SNP-MC-CS) of degree m = 1 is defined by
I1=(0,L,04,05,..,0,, syn,in), where:

1) O ={ay,ay, ..., ag} is an alphabet with g colored spikes

2) L=1{1,2,..,N}is an alphabet of channel labels

3) 04,0, ..., 0 are neurons of the form a; = (w;, L;R;), 1 < i < m, where:
a) w; € O™ is a string that denotes the initial multiset of spikes in the neuron.
b) L; € L is a finite set of channels labels used in the neuron
c) R;is a finite set of rules in the forms:

1. Firing rules: E/w, = w;(l{)w, (1) ...w, (1,,); d where E is a regular expression over O, and w,,w; € O*
1<i<n €L d>0.

2. Forgetting rules: w, = A, where w, € 0",

4) syn € {1,2,..m}x{1,2,...,m,out}XL are the set of synapse connections with (i,i,]) € syn for 1 <i<m and VI € L.
Observe that (i, out, l) denotes that the neuron g; sends the spikes out to the environment by the channel [.

5) in € {1,...,m} is the input neuron. Observe that the input neuron can be omitted whenever the system is a generator.
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An example

4 N o ( )

a— a(0)ab(2)
a— ab(2) (D)

N /\ N y
2)

The system outputs Wiapy({a”h™:n = 1})
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A simulator (1)

snp = SNPSystem[int, int] ()
snp.set_input (0)

snp.add_symbols (1, *x[’1’]%3)
snp.add_symbols (2, *x[’1’]x%2)

snp.add_channel (1, 5, 1)

éﬁé.add_channel(S, 2, 5)

snp.add_rule (0, ’a’, Multiset([’a’]), {2: Multiset([’a’])})
éﬁé.add_rule(S, ’1xa’, Multiset([’a’]), {4: Multiset([’a’])})

result = snp.run([’a’], render_steps=True)
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A simulator (I1)
input ([0])

[1]
[2]

oo
A
-
o
* *

<1> [5] --> [1]
<2> [0] --> [2]
<2> [5] --> [2]
<3> [5] --> [3]
<4> [5] --> [4]
<5> [2] --> [5]

[0] ’a’> / {’a’} --> {’a’} <2>

<5>

[2] Y12% g 1;} {11;}
a’} --> {’a’} <b>

[2] 117* ;a>
[5] ;1)* ;a; / {)1)} {)1;} <2>’ {;1;} <1>
[5] ;1)* ;a; / {)a)} S {)a;} <3>
[5] 117 % ’gq? / {JaJ} {;ay} <4>
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A simulator (lll)

Defining the membrane contents

[1] — {;a;, )b;} * 3

Defining the channel connections

<0> [1] --> [2]
<0> [1] --> out

Defining the rules

[2] ;1:* 7a> / {;a:} -——> {;a;} <5>
[2] {’a’} --> {’a’} <5>
{’a’} --> lambda
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A simulator (1V)

Defining the input membrane

input ([0])

Initializing the membrane contents

[1] = {’1°} * 3

Tokenizer reply

ID (input) OPEN_PARENTHESIS OPEN_MEMBRANE NUMBER (0)
CLOSE_MEMBRANE CLOSE_PARENTHESIS EOL

OPEN_MEMBRANE NUMBER (1) CLOSE_MEMBRANE EQUAL OPEN_SET
SYMBOL(’1’) CLOSE_SET MULT NUMBER(3) EOL

EOF
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A simulator (V)

Usage

Usage: main.py [OPTIONS] SRC

Options:
-i, —--input TEXT
--separator TEXT
--no-strip
--render
--render -path TEXT
-r, --repeat INTEGER
-m, --mode [halt|halt-mc|time|time-mc]
--max-steps INTEGER
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Completeness
Simulate register machine instructions: ADD, SUB, HALT

instruction [;: (ADD(7), [;, Iy)

i D
a—c(1)a(2)

a— c(1)a(3)

- J
(1) (2) 3)
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Completeness
Simulate register machine instructions: ADD, SUB, HALT
instruction [;: (SUB(7), [j, ly)

one single SUB instruction

a—-d(l)

(1)

e

\_

\

ctd/dc - a(2)

d - a(3)

priorities

(2)

(3)
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Completeness
Simulate register machine instructions: ADD, SUB, HALT

instruction [;: (SUB(7), [j, ly)

two SUB instructions

r
(cJ’d/dc - a(2)\
d - a(3) priorities
cte/ec - a(4)
e = a(5)
2
2 3) 4 ©)
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Completeness

Simulate register machine instructions: ADD, SUB, HALT

instruction [;: HALT
a— h(1)

(1)

T )
cth/c - c(2)

h- A

- J
(2)
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Simulating SN P systems

* Only one single channel ¢
* Only one single spike ag
e Transform every activation rule

E/a - a;d o) E/aS - as(cy); d
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Simulating virus machines

L. Valencia, M.J. Pérez-liménez, X. Chen, B. Wang, X. Zheng. Basic virus machines. In J.M. Sempere and C. Zandron (eds)
Proceedings of the 16th International Conference on Membrane Computing (CMC16), 17-21 August, 2015, Valencia, Spain,
pp. 323-342.

© Valencia et al.

e @ Two kind of channels: channels for behavior
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Simulating virus machines

=
=
N

+ 2
a Vv / va, = V(e S ()
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Simulating computing with plasmids

Y. Li, B. Song and X. Zeng. Neural-Like P Systems With Plasmids and Multiple Channels.
IEEE Transactions on NanoBioscience, vol. 22, no. 2, (2023) 420-429

b Gy,
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guestions ?



