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@ Basic transition P systems:

u — (vi, here)(va, out)(vs, in;j)d*
Problems!

P = PMCr

Let us remember a — a°

What if. ..
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Cooperation is present: ab — ...
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Well, we are using Membrane Division, so. ..
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NP U co-NP C PMCc(d, ne)

PSPACE C PMC (c(4d,— ne)

It is the same that with Membrane Division. . .
Or not?

3

6/16



Previously, on The Computational Complexity Theory

10 10

DAMO MC



Previously, on The Computational Complexity Theory

g <
3 %
8 g
. J2 g )2
B o
N\ Jl . )1
DAMO MC
‘%" G\ )



Previously, on The Computational Complexity Theory

s A s )\
( N\ ' \
a 3!
S g
,é |
2 E
b &
|\ J
2 b 2
22
\\§ Jl \§ )1
DAMP MC
S~ @
& RGNC



Previously, on The Computational Complexity Theory

DAMO MC



Previously, on The Computational Complexity Theory

a 510
S
R}
=y
3
|\ )2 | )2
a8 Waiting. . .
\\§ Jl . )1
DAMO MC
‘%" G\ )



Previously, on The Computational Complexity Theory

32 alO
S
R}
=y
3
|\ )2 | )2
a8 Waiting. . .
\\§ Jl . )1
DAMO MC
‘%" G\ )



Previously, on The Computational Complexity Theory

32 alO
|\ )2 | )2
a8 Waiting. . .
\\§ Jl . )1
DAMO MC
‘%" G\ )



Previously, on The Computational Complexity Theory

32 alO
S
R}
=y
3
|\ )2 | )2
a’ Waiting. . .
\\§ Jl . )1
DAMO MC
‘%" G\ )



Previously, on The Computational Complexity Theory

33 alO
S
R}
=y
3
|\ )2 | )2
a’ Waiting. . .
\\§ Jl . )1
DAMO MC
‘%" G\ )



Previously, on The Computational Complexity Theory

33 alO
|\ )2 | )2
a’ Waiting. . .
\\§ Jl . )1
DAMO MC
‘%" G\ )



Previously, on The Computational Complexity Theory

10 10

DAMO MC



Previously, on The Computational Complexity Theory

‘00000
00000




Previously, on The Computational Complexity Theory

8 8 (00000
00000

a a

(. )2 (. )2

Waiting. . .

a8 a8

(. )2 (. 12) L |\ )2)

1 1
DAMO MC
5
&



Previously, on The Computational Complexity Theory

00
ﬁ

a a a a O O O
% O 0)

\ )2\ )2 \ )2\ )2 /]
e N\ [ N\ N\ N im@m@:

7 7 7 7 1Iting
L |\ )2\ )2 |\ )2\ )2) L | )2)
1 1
DAMO MC
o ©0
2 RGNC

8/16



Previously, on The Computational Complexity Theory

(36\ faﬁ\ raﬁ\ raﬁ\ e N
o —h —— 00000
SICIEIE: OO0000
e o
)2 * )12 Waiting
20 —0—2
36 36 36 36
e D —) o 2)
1 1
DAMC MC
= P



Previously, on The Computational Complexity Theory

DAMPO CAMY, .

RGNC

8/16



Previously, on The Computational Complexity Theory

Semantics Syntax
DAM® CAM, o
e )
u% RGNC

8/16



Teaching an old dog old tricks

° CAM?,,,-,,(&, v)

uwr

RGNC

9/16



Teaching an old dog old tricks

° CAM?,,,-,,(&, v)
e (ag) [a— uln
o (bo) a[ ]n—[b]n
o (o) [a]ln = B[ ]n
o (do) [a]ln— b
o (eo) [a— [u]p]n

RGNC

9/16



Teaching an old dog old tricks

CAMS,.(8,7)
(20) [a = u]n
(bo) a[ ]n—[b]n
(co) [aln — B[ ]n
(do) [a]n — b
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o
o
o
o
o
o
@ Evolution rules can be applied in a maximal parallel way.
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@ Evolution rules can be applied in a maximal parallel way.

@ In a membrane, only a rule from (bg), (o), (db), (eo) can be applied
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Complexity results

® PMCein0. (+d,—ne)’
@ They can be simulated by a DTM in poly-time. . .

e Similar to P C PMC ?

2M.A. Gutierrez-Naranjo, M.J. Pérez-Jiménez, A. Riscos-Nuiez, F.J.
Romero-Campero, A. Romero-Jiménez. Characterizing tractability by cell-like membrane
systems. In K.G. Subramanian, K. Rangarajan, M. Mukun (eds.) Formal models,
languages and applications, World Scientific, Singapore, 2006, pp. 137-154.
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Complexity results

Key fact: membranes created per step < elementary membranes
*. Final number of membranes < (t+1) - ¢
PMCeane (4d,—ne) P (the other inclusion is trivial)

P =PMC 0 (+d,—ne)

min

New frontier: PMCCAMO +d,—ne)

Presumed
efhcuency efficiency

CAMO .

min

(+d, —ne) CAMO (+d, —ne)

o max

u‘fﬂ“ AN\ S
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