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Introduction

What is exactly cooperation?

Some results suggest that it is the key to the efficiency...

Theorem

NP ∪ co−NP ⊆ PMCDAM(+e,+c,−d ,−n) (Polarizations)

Theorem

NP ∪ co−NP ⊆ PMCDAM0(+e,+c,+d ,+n) (Dissolution)

Theorem

NP ∪ co−NP ⊆ PMCDAM0(mcmp,+c,−d ,−n) (Minimal cooperation)
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Caution!

Not all the cooperation is efficient!

Theorem

P = PMCT
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Cooperation in communication rules

Cooperation can be introduced in communication rules:

Cooperation in send-in communication rules: ab[ ]h → [ c ]h
Cooperation in send-out communication rules: [ ab ]h → c[ ]h

Even here, we can obtain efficiency.

Theorem

NP ∪ co−NP ⊆ PMCDAM0(+es ,mcmpin,−d ,+n)

Theorem

NP ∪ co−NP ⊆ PMCDAM0(+es ,mcmpout ,−d ,+n)
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Cooperation in communication rules

We need structure when we use cooperation in communication rules.

[ ]1

[ ]2

[ ]3 n
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Cooperation in communication rules

We need structure when we use cooperation in communication rules.

. . .
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Cooperation in communication rules

We need structure when we use cooperation in communication rules.

[ ]1

[ ]2 [ ]2 . . . [ ]2 [ ]2

[ ]3 [ ]3 . . . [ ]3 [ ]3

2n
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New results

Using separation rules, we can simulate division while evolution rules
[ a→ u ]h (a ∈ Γ, u ∈ Mf (Γ)), but...

What happens when we use simple evolution rules [ a→ b ]h
(a, b ∈ Γ)?

Theorem

P = PMCSAM0(+es ,mcmpin−out ,+d ,+n)

Apart from cooperation, when separation rules are used instead of
division rules, generating new objects seems mandatory.
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New results

In fact, bounds of efficiency can be found in these kinds of membrane
systems by the length of the RHS of evolution rules.

Theorem
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Division vs. Separation + Evolution

[ a ]h → [ b ]h [ c ]h

≈

[ a ]h → [ Γ0 ]h [ Γ1 ]h
+

[ a→ u ]h, u ∈ Mf (Γ)
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Improving previous results

In Uniform Solution to QSAT Using Polarizationless Active
Membranes, the following result is given:

Theorem

PSPACE ⊆ PMCDAM0(+e,+c,+d ,+n)

Removing evolution rules with length(RHS) > 1, we have proved:

Theorem

PSPACE ⊆ PMCDAM0(+es ,+c,+d ,+n)
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State-of-the-art

With them, we can increase the landscape of computational
complexity theory in Membrane Computing
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P systems with active membranes

(+es,+c,−d,−n) (+es,+c,−d,+n)

(+es,+c,+d,−n) (+es,+c,+d,+n)

(+e,+c,−d,−n) (+e,+c,−d,+n)

(+e,+c,+d,−n) (+e,+c,+d,+n)

DAM
(+es,+c,−d,−n) (+es,+c,−d,+n)

(+es,+c,+d,−n) (+es,+c,+d,+n)

(+e,+c,−d,−n) (+e,+c,−d,+n)

(+e,+c,+d,−n) (+e,+c,+d,+n)

SAM

PSPACE = PMCR P#P = PMCR NP ∪ co−NP ⊆ PMCR

P = PMCR Unknown

Efficiency in P systems with active membranes.
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Polarizationless P systems with active membranes

(+es, +c,−d,−n) (+es, +c,−d, +n)

(+es, +c, +d,−n) (+es, +c, +d, +n)

(+e, +c,−d,−n) (+e, +c,−d, +n)

(+e, +c, +d,−n)

Păun’s conjecture

(+e, +c, +d, +n)

DAM0

(+es, +c,−d,−n) (+es, +c,−d, +n)

(+es, +c, +d,−n) (+es, +c, +d, +n)

(+e, +c,−d,−n) (+e, +c,−d, +n)

(+e, +c, +d,−n) (+e, +c, +d, +n)

SAM0

PSPACE = PMCR NP ∪ co−NP ⊆ PMCR

P = PMCR Unknown

Efficiency in polarizationless P systems with active membranes.
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P systems with active membranes with minimal
cooperation in ev. rules

(mcmp,+c,−d,−n) (mcmp,+c,−d,+n)

(mcmp,+c,+d,−n) (mcmp,+c,+d,+n)

(bmc,+c,−d,−n) (bmc,+c,−d,+n)

(bmc,+c,+d,−n) (bmc,+c,+d,+n)

(pmc,+c,−d,−n) (pmc,+c,−d,+n)

(pmc,+c,+d,−n) (pmc,+c,+d,+n)

(mc,+c,−d,−n) (mc,+c,−d,+n)

(mc,+c,+d,−n) (mc,+c,+d,+n)

DAM
(mcmp,+c,−d,−n) (mcmp,+c,−d,+n)

(mcmp,+c,+d,−n) (mcmp,+c,+d,+n)

(bmc,+c,−d,−n) (bmc,+c,−d,+n)

(bmc,+c,+d,−n) (bmc,+c,+d,+n)

(pmc,+c,−d,−n) (pmc,+c,−d,+n)

(pmc,+c,+d,−n) (pmc,+c,+d,+n)

(mc,+c,−d,−n) (mc,+c,−d,+n)

(mc,+c,+d,−n) (mc,+c,+d,+n)

SAM

PSPACE = PMCR P#P = PMCR NP ∪ co−NP ⊆ PMCR

P = PMCR Unknown

Efficiency in P systems with active membranes which make use of cooperation
in object evolution rules. 19 / 27



Polarizationless P systems with active membranes and with
minimal cooperation in ev. rules

(mcmp,+c,−d,−n) (mcmp,+c,−d,+n)
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(mc,+c,+d,−n) (mc,+c,+d,+n)

SAM0

PSPACE = PMCR P#P = PMCR NP ∪ co−NP ⊆ PMCR

P = PMCR Unknown

Efficiency in polarizationless P systems with active membranes which make
cooperation in object evolution rules. 20 / 27



Polarizationless P systems with active membranes with
minimal cooperation in comm. rules

(+e,+mcmpin,−d,−n) (+e,+mcmpin,−d,+n)

(+e,+mcmpin,+d,−n)

(+e,+mcmpin,+d,+n)

(+e,mcmpout,−d,−n) (+e,mcmpout,−d,+n)

(+e,mcmpout,+d,−n)

(+e,mcmpout,+d,+n)

(+e,mcmpin−out,−d,−n) (+e,mcmpin−out,−d,+n)

(+e,mcmpin−out,+d,−n) (+e,mcmpin−out,+d,+n)

DAM0

(+e,+mcmpin,−d,−n) (+e,+mcmpin,−d,+n)

(+e,+mcmpin,+d,−n)

(+e,+mcmpin,+d,+n)

(+e,mcmpout,−d,−n) (+e,mcmpout,−d,+n)

(+e,mcmpout,+d,−n)

(+e,mcmpout,+d,+n)

(+e,mcmpin−out,−d,−n) (+e,mcmpin−out,−d,+n)

(+e,mcmpin−out,+d,−n) (+e,mcmpin−out,+d,+n)

SAM0

PSPACE = PMCR NP ∪ co−NP ⊆ PMCR

P = PMCR Unknown

Efficiency in polarizationless P systems with active membranes which make use
of cooperation in communication rules. 21 / 27



Polarizationless P systems with active membranes with
simple ev. rules and minimal cooperation in comm. rules

(+es,+mcmpin,−d,−n) (+es,+mcmpin,−d,+n)

(+es,+mcmpin,+d,−n)

(+es,+mcmpin,+d,+n)

(+es,mcmpout,−d,−n) (+es,mcmpout,−d,+n)

(+es,mcmpout,+d,−n)

(+es,mcmpout,+d,+n)

(+es,mcmpin−out,−d,−n) (+es,mcmpin−out,−d,+n)

(+es,mcmpin−out,+d,−n) (+es,mcmpin−out,+d,+n)

DAM0
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(+es,+mcmpin,+d,−n)
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(+es,mcmpout,−d,−n) (+es,mcmpout,−d,+n)

(+es,mcmpout,+d,−n)

(+es,mcmpout,+d,+n)

(+es,mcmpin−out,−d,−n) (+es,mcmpin−out,−d,+n)

(+es,mcmpin−out,+d,−n) (+es,mcmpin−out,+d,+n)

SAM0

PSPACE = PMCR NP ∪ co−NP ⊆ PMCR

P = PMCR Unknown

Efficiency in polarizationless P systems with active membranes which make use
simple evolution and cooperation in communication rules. 22 / 27



Future work

Upper bounds for some classes:

P#P ⊆ PMCSAM(+e,+c,+d,+n) ⊆ ?

P#P ⊆ PMCSAM(mc,+c,+d,+n) ⊆ ?

P#P ⊆ PMCSAM0(+e,+c,+d,+n) ⊆ ?

Reaching efficiency in some classes:

NP ∪ co−NP
?
⊆ PMCDAM0(+e,+c,+d,−n)

NP ∪ co−NP
?
⊆ PMCDAM0(+es ,+c,+d,−n)

NP ∪ co−NP
?
⊆ PMCSAM0(+e,+c,+d,−n)

NP ∪ co−NP
?
⊆ PMCSAM0(+e,+c,+d,+n)

And non-elementary division...

NP ∪ co−NP
?
⊆ PMCDAM0(+es ,mcmpin,−d,−n)

NP ∪ co−NP
?
⊆ PMCDAM0(+es ,mcmpout ,−d,−n)
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Keeping in mind that...

F1
F2
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Thanks for
your

attention!
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