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Motivation

● Parallel simulation Probabilistic P systems on 
GPUs/CUDA.

● Probabilistic P systems:
● Multienvironment, multicompartmental, probabilities 

associated to rules.
● Rules of the form:
● LHS of rules can have intersections (competition for 

objects).



  

Introduction

● An Algorithm for Non-deterministic Object 
Distribution in P Systems and Its 
Implementation in Hardware
● Van Nguyen, David Kearney, Gianpaolo Gioiosa: 

School of Computer and Information Science, 
University of South Australia,

● Membrane Computing: 9th International Workshop, 
WMC 2008, Edinburgh, UK, July 28-31, 2008, 
Revised Selected and Invited Papers.

● 325 - 354



  

Introduction

● Transition P system:
●



  

Introduction

● Maximal Parallelism:
● In a transition of a P system, if any reaction rule can 

be applied, it must be applied.

● Non-determinism:
● When the reaction rules in a region are applied in a 

maximally parallel manner during a transition, there 
are often multiple ways in which the objects in the 
region can be distributed to the reaction rules.
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Formal Definitions

● n reaction rules in a region:

● m objects in a multiset:
● Instances of reaction rules:
● It must be satisfied: 



  

Formal Definitions

● Maximal parallelism:
● Consider solution:
● s corresponds to maximal application i.o.i.:

– Solution 



  

Formal Definitions

● Maximal parallelism:



  

Formal Definitions

● Non-determinism:



  

Approaches 

● Indirect approaches:
● Algorithms that consider both non-solutions and 

solutions as it navigates the space of possible 
solutions.

● Indirect straightforward approach: To simply 
enumerate all the possible solutions and pick at 
random.

● Incremental approach: The distribution of objects 
is accomplished in rounds, randomly choosing rules 
from a pool.



  

Approaches

● Direct approaches:
● Algorithms that consider only solutions as it 

navigates the space of possible solutions.
● Direct straightforward approach: All the solutions 

are give as input, and one of them is selected at 
random.

● Direct non-deterministic distribution algorithm 
(DND algorithm): Performs the distribution in one 
step (with a possible adjustment step). Based on 
two phases.



  

DND Algorithm



  

DND Algorithm



  

DND Algorithm



  

DND Algorithm

● Time complexity: O(n), n=number of rules
● Space complexity: O(2mn+n), m=number of 

objects, n=number of rules.
● The algorithm is verified, and a hardware 

implementation is defined.



  

Our problem

● Probabilistic P systems:
● Multienvironment, multicompartmental, probabilities 

associated to rules.
● Rules of the form:
● Note that:

– Objects of different regions collaborate
– Consider all the regions as a superregion where to apply 

this algorithm
– For the model of the zebra mussel ecosystem, the 

algorithm requires more than 3Gbytes, and all the rule 
selection stage is performed in sequential mode.



  

Ideas

● Identify rules with intersection in the RHS, and 
apply only for them this algorithm.

● Considering the caractheristics of the current 
models, to develop a specific algorithm based 
on the DND.



  

Thanks for listening
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