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P systems and membrane structures
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Multiset Tree Automata (MTA)

∏∏ = (Q, V, = (Q, V, δδ, F), F) V is a ranked alphabet (V’ × N)( , ,( , , , ), )

δi: Vi × Mi (Q ∪ V0) → P ( M1(Q))

p ( )
Vi = { a ∈ V’ : (a,i) ∈ V }

Mi(·) is a bounded multisetMi( ) is a bounded multiset
(the sum of elements is i)

δ = ∪δi

δ0(a) = MΨ(a) ∈ M1 (Q ∪ V0)

δ δi
1 ≤ i ≤ maxarity(V)

Any multiset tree automaton performs a bottom-up parsing over any treey p p p g y
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Multiset Tree Automata (MTA)

Any tree automaton A induces a multiset tree automaton MA such thatAny tree automaton A induces a multiset tree automaton MA such that
if t ∈ L(A) then t ∈ L(MA)

For any tree automaton A, its induced multiset tree automaton MA accepts
all the trees that A accepts together with all their “mirrored” trees
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k-Testability in the Strict Sense (k-TSS)

σuu
rootk(u)

t-1u

depth(u) = j ≥ k
$

t u = t-1u # t

T⊆ VT is a k-TSS multiset tree language iff given two trees u1 and u2 in VT

with rootk-1(u1) =rootk-1(u2), u1
-1T ≠∅ and u2

-1T ≠∅ implies that  u1
-1T = u2

-1T 

Let A be a multiset tree automaton over V$
T. Let u1, u2 in VT be two trees 

such that rootk-1(u1) = rootk-1(u2) and t1# u1, t2# u2 in L(A) for some valid 
contexts t and t If A is a k TSS mirror tree automaton then δ(u ) = δ(u )contexts t1 and t2. If A is a k-TSS mirror tree automaton then δ(u1) = δ(u2).
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k-Testability in the Strict Sense (k-TSS)

Example I A:   δ(σ,aa)=q1
δ(σ,a)=q2( ) q2
δ(σ,aq2)=q2
δ(σ,q1q1)=q1
δ(σ,aq2q1)=q3 ∈ F

The MTA is k-TSS for any k ≥ 2 σ

Example II A:   δ(σ,aa)=q1
δ(σ,bb)=q2

σ σ

δ(σ,q2q2)=q2
δ(σ,q1q1)=q1
δ(σ,q2q1)=q3 ∈ F

σ σ σ σ

The MTA is not k-TSS for any k ≥ 2 (q1, q2 and q3 share a common k-root)
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k-reversability

Let T ⊆ VT and the integer value k ≥ 0. T is a k-reversible multiset tree 
language if and only if, given whatever two trees u1, u2 in VT such that     
rootk-1(u1) = rootk-1(u2), whenever there exists a context t in V$

T such that k 1 1 k 1 2 $
both u1# t, u2# t in T,  then u1

-1T = u2
-1T

Let A be a multiset tree automaton over V$
T. Let p1, p2 in Q be two states 

such that rootk(L(p1)) ∩ rootk(L(p2)) ≠ ∅. A is order k reset free if the 
automaton does not contain two transitions such that 

( ) ( )δ(σ, q1q2 … qnp1) = δ(σ, q1q2 … qnp2)

L t A b lti t t t t A i k ibl if A i d k tLet A be a multiset tree automaton. A is k-reversible if A is order k reset 
free and for any two distinct final states f1 and f2 the condition 

rootk(L(f1)) ∩ rootk(L(f2)) ≠∅
is fulfilledis fulfilled.
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k-reversability

Example A:   δ(σ,aa)=q1
δ(σ,a)=q2( ) q2
δ(σ,q2q2)=q2
δ(σ,aaq1)=q1
δ(σ,aq1q1)=q3 ∈ F
δ(σ,q2q1)=q3 ∈ F

The MTA is not k-TSS for any k ≥ 2.
The MTA is k-reversible for any k ≥ 2.
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Relations between k-reversible and k-TSS MT Languages

k-TSS forms an infinite hierarchy of MTL such that (k-1)-TSS languages
are k-TSS languages

k-reversability forms an infinite hierarchy of MTL such that (k-1) reversible
languages are k reversible languages

Theorem. Let T ⊆ VT and an integer value k ≥ 2. If T is k-TSS then 
T is (k-1)-reversible.



8th Workshop on Membrane Computing (WMC8) Thessaloniki, 25-28 June 2007

From MTA to membrane structures

The meaning of rootk(t)

tt

k

rootk(t) takes into account all the membrane structures from the skin
one up to a depth of order k (we croos k-1 membranes)
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From MTA to membrane structures

The operator #

t t#s

$ $s

The operator # allows new substructures by means of membrane creation at 
a given region (labelled by $)
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From MTA to membrane structures

k TSSk-TSS

u1

u1 u2
iff

u2

k TSS i li th t h t k t b t t d tk-TSS implies that, whenever we take two membrane structures u1 and u2 at 
any level of the P regions, if they are part of a structure  that share a 
common substructure from the skin up to depth k-1 then they are part of the 
same set of structures (u cannot appear as a substructure of a membranesame set of structures (u1 cannot appear as a substructure of a membrane 
structure if u2 does not appear as a substructure of the same membrane 
structure at the same level).



8th Workshop on Membrane Computing (WMC8) Thessaloniki, 25-28 June 2007

From MTA to membrane structures
k- reversabilityk reversability

t u1#s u2#s
u1#t

iffs

t

su2#t

k-reversibility implies that whenever two membrane structures u1 and u2
share the same substructure up  to length k-1, if u1 and u2 have a common 
structure t such that u1#t and u2#t are valid configurations of the P system, 
then u1#s is a valid configuration of the P system iff u2#s so is.
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Conclusions

We have introduced new classes of MT languages which can be• We have introduced new classes of MT languages which can be
defined by the transitions in their corresponding MTA.

• The features of k TSS and k reversability restrict the behavior of the• The features of k-TSS and k-reversability restrict the behavior of the
P systems rules  for membrane creation/deletion/duplication etc.

Future research

Wh t i th t f i t / t i / t th t P tWhat is the set of integers/strings/vectors that P systems can 
generate/accept if their membrane structures are defined by
(k) reversible/testable Multiset Tree Automata ?


