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The general idea

1 with m membranes

|

Mf with 1 membrane

object a in membrane /

object (a, i)

& appears in membrane |

object (4, 1)

rule r without “out”

a rule rf

rule r with “out”

set r’ of rules (possible parents)

membrane / dissoluble

set D; of rules (x, i) — (x, cPar;)

mpr step in 1
(including communication)

mpr step in M7 using rf

diss step in [1

mpr step in M7 using D;

special rule V — 0 to ensure sepa-
ration between applying rules from
rf and rules from D;

Membrane i is dissoluble: exists r € R;, 0 € rhs(r).
Note: i not dissoluble < j will not dissolve in any evolution step.
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General Notions:

® arule U = Vs, x,-y,....ym Nas a set of promoters x; and a set of
inhibitors y;;

@ intermediate configuration of a P system of degree m is a vector
W = (w,...,wn) with w; multiset over O or w; = x;

@ w; = * specifies that membrane 7/ has been dissolved;

o W = (wy,...,w,) configuration if all w;(§) =0;

o for W, V configurations,

W =1 V whenever W —,,, Vor W —p =5 V
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1

4 b N
rn:a— (b,ing)
rn:b—a

- . %
r:a—o0
3
b
r:b—a+o
4
b
rs 1 b — (c, out)
- J
- J

(b,a,b,b) = mpr (8,0,a+ c+6,0) =5 (2a+ ¢, *,%,0) = mpr
—mpr (€, %, %,2b) = mpr (3¢, %, %,0)
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( a
rn:a— (b,ing)
rn:b—a

( 5

r:a—o0

atc+96
r:b—a+é

4

- J

(bya,b,b) = mpr (a,0,a+ c+6,0) =5 (2a+ ¢, *,%,0) = mpr
—mpr (€, %, %,2b) = mpr (3¢, %, %,0)
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1
( 2a4c )
r:a— (b,ing)
4
- J

(b737 b> b) _>mpr (35573 +c+ 67 O) L) (23 + G, % *0) _>mpr

‘>mpr (Ca *, ok, 2b) 4>mpr (3Ca *, ok, O)
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r ~N 1

rn:a— (b,ing)

2b
rs 1 b — (c, out)

- J

(b,a,b,b) = mpr (8,0,a+ c+6,0) =5 (2a+ ¢, *,%,0) = mpr

—”mpr (Cv *, *2b) —mpr (3C’ * *’0)
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1
( 3c )
rn:a— (b,ing)
4
\ J

(b7 a, b> b) — mpr (3, (5, a+c+ (5, 0) —5 (23 + c, %, %, O) — mpr

*)mpr (C, *, 0k, 2b) %mpr (3C, *, %, O)
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The flattened P system MN" = (O, uf, RY)

e Of =(OU{d}) x {1,..., m}u{Vv}
° ,uf is formed of only one membrane;
o Rf ={,cprfU{V—=0ul D;;

i dissolvable
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Example (continued)

Configuration of [1
e b N\
ri:a— (b,in)
rn:b—a

( a

rs:a—o The configuration of M’:

(b,1) 4+ (a,2) + (b,3) + (b, 4)

b
r4:b—>a—|—5
4

b
rs . b— (c,out)
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Example (continued)

Configuration of [1

1
4 b )
r:a— (b, ing)
rn:b—a
e ; ~\2
ria— 6 The set of rules r{ contains only
3 one rule:
b
frh:b—a+é (a,1) — (b=4)‘(5ﬁ2).(6,3)ﬁv
4
b
rs . b— (c,out)
- J
- J
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Example (continued)

Configuration of [1
b
r:a— (b,ing)
rn:b—a

a

f' .
ria— 6 The set of rules r; also contains

3 only one rule:

b
rp:b—a+é (b,l)%(a,1)|ﬁv
4
b

rs 1 b — (c,out)
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Example (continued)

Configuration of [1

b
ri:a— (b,in)
rn:b—a

a
r:a—0

This also takes place for rf:

b
r4:b—>a—|—5

rs 1 b — (c,out)

3 (2,2) = (4,2) + V|-v
and for rf:

(b,3) = (a+6,3)+ V|-v
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Example (continued)

Configuration of [1
~ 1

( b
ri:a— (b,in)
rn:b—a
2
( a ) This also takes place for r3f:
rn:a—9
3 (3,2) = (4,2) + V|-v
b
rp:b—a+d and for rf:
4
b (b,3) = (a+9,3) + V]-v
rs 1 b — (c,out)
(. J
(. J
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Example (continued)

Configuration of [1
~ 1

( b
rn:a— (b, ing) The set of rules r{ contains three
rp:b—a rules, one for each possible desti-

e 3 N2 nation of the ¢ from (c, out):
Bt (b.4) = (¢, 37,9
b
rp:b—a+o
‘ 4 (b,4) = (c,2)|(5,3),~v,(5.2)
b
) ,out
52 b (e out) (b,4) > (. Dls3).62) -
\§ J
\§ J
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Example (continued)

Configuration of [1

s b ~N L
r:a— (b,ing)
rn:b—a
s N2
a
rs1a—0 3 We add two sets of rules, D, and
b Ds, to deal with moving objects
i b—sa+s if membrane 2 or membrane 3 is
' 4 dissolved.
b
rs 1 b — (c,out)
(. J
(. J
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Example (continued)

Configuration of [1
e b N\
ri:a— (b,in)
rn:b—a

( a

rs1a—0 The rules in D, are given for all

3 x € O:

b
rmib—a+d . (x,2) = (x,1)|(5.2)
b

rs 1 b — (c,out)
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Example (continued)

Configuration of [1
~ 1

( b
r:a— (b,ing)
rn:b—a
- a %
The rules in D3 are given for all
rn:a—ao i
3 x € O:
’ (4,3) = (4. 2)l52)~2
m:b—a+d v 1 £)1(8,3),7(6,2)
b * (:3) = (x. Dlsay2)
rs . b— (c,out)
- J
- J

CMC 2010 6/9

Flattening P Systems with Dissolution

O. Agrigoroaiei, G. Ciobanu



Example (continued)

Configuration of 1
e b %

n:a— (b,ing) The special symbol V is always
rob—sa produced together with one of
5 the (0, /) symbols. By appearing,
( a R it stops the application of any
rs:a—6 rule from the sets rf.
3 The special rule
b
rp:b—a+é V=0
4
b is applied with the rules from sets
rs b —(c,out) Dj and by consuming V it allows
for rules from rf to be applied in
_ J the next step.
- J
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Example (continued)

Configuration of I 1 Configuration of N’ .
e , N (D)) +(b3)+(b4) )
r:a = (byina) rf:(a,1) = (b,4)|(5,2),(6,3),~v
rn:b—a
’ i (b1) = ()]
e 2 .
a rf:(a,2) = (6,2) + V|-v
r:a—s rf o (b,3) = (a+6,3)+ V|_v
3
b i (b,4) = (¢,3)|-v,6,3)
mib—a+s (b,4) = (c,2)(5,3),-v,(5,2)
4 (b,4) = (c,1)|(5,3),(5,2),~v
b V0
B b (c out) D2 : (x,2) = (x. Dlsz)
L ) D3 : (x,3) = (x,2)l(5,3),~(5.,2)
.3 ,1
L ) L (x,3) = (x,1)l(5,3),(5.2) )
Wo = (b, a, b, b) flat(Wo) = (b,1)+(a,2)+ (b, 3)+ (b, 4)
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Example (continued)

Configuration of MNf

Configuration of Il 1 1
p b N (" (b)) +(2,2) +(b,3) + (b,4) )
n :ba — (b, ing) rf:(a,1) = (b,4)|(5,2),(6,3),~v
rn:b—a
2 ) r2f 2 (b,1) = (a,1)|-v
- - h rf:(22) = (52)+Vl-y
r3:a—4é , rf:(b,3) = (a+6,3)+ V|v
b rg 1 (b,4) — (C73)\ﬂv,(5,3)
rp:b—a+d (b,4) ~ (C’2)|(6’3)’ﬁV7(6’2)
4 (b,4) = (c,1)]5,3),(5.2),~v
b V=0
rs : b — (c,out) Dy 1 (x,2) = (x,1)|(5,2)
8 ) Ds 1 (x,3) = (x,2)l(5,3),-(5.2)
(x,3) = (%, 1)1(5,3),(5,2) )

-

J
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(b,a, b, b) —mpr (a,0,a+ c+6,0)

(b,1) + (a,2) + (b,3) + (b, 4)
‘>mpr
(a,1) +(6,2) + (a+ c+6,3) + 2V
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Example (continued)

Configuration of N

a
r:a— (b,ing)
rn:b—a

)
r:a—o

at+c+4d
r:b—a+d

4

Configuration of Mf

(((a,1) +(8,2) + (a+ c+6,3) +2V

rf:(a,1) = (b,4)|(5,2),(6,3),-v
rzf 1 (b, 1) = (a,1)]-v

r3f 1 (a,2) = (6,2) + V|-v

rf i (b,3) = (a+6,3)+V|-v

£ (b,4) = (¢,3)|-v,(5,3)
(b,4) = (¢,2)|(5,3),-v.(5,2)
(b,4) = (c,1)l(5,3),(6,2),~v
vV—=0
Dz i (x,2) = (x,1)l(s,2)

D3 : (x,3) = (x,2)(5,3),(5.2)

Wi = (a,8,a+ c+4,0)

O. Agrigoroaiei, G. Ciobanu
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.3 ,1
L (x,3) = (x,1)l(5,3),(5.2)

N 1

J

flat(Wy) =
(a,1)+(6,2) + (a+ c+9,3) +2V
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Example (continued)

Configuration of I 1 Configuration of N’ )
4 2 ) ((a,l)+(5,2)+(a+c+6,3)+2v\
n :ba = (b, ina) rf:(a,1) = (b,4)|(5,2),(6,3),-v
n:b—a
P 2 5 (b1) = (a,1)|-v
5 rf(a,2) = (6,2) + V]-v
r:a—s rf o (b,3) = (a+6,3)+ V|_v
3
atc+s £ (b,4) = (¢,3)|-v,(5,3)
fib—a+s (b,4) = (¢,2)|(5,3),-v,(5,2)
4 (b,4) = (c,1)|(5,3),(5,2),~v
B b (c out) D2 (x,2) = (x. Dls)
L ) D3 : (x,3) = (x,2)l(5,3),~(5.,2)
,3) = (x,1
L ) L (%,3) = (x,1)1(5,3),(5.,2) )
(a,0,a+ c+6,0) =5 (2a+ ¢, *,%,0) (3,1) +(6,2) + (a+c +,3) + 2V

mpr

N
(2a+c,1) +(4,2) + (4,3)
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Example (continued)

Configuration of I

Configuration of MNf

1 4
4 2a4c¢ )
r:a— (b,ing)
rn:b—a
4
rs . b— (c,out)
& J &

W = (2a+ ¢, *,%,0)
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(2a+c¢,1)+(6,2) + (6,3)

(3, 1) = (b,4)(5,2),(5,3),~v
5 (b1) = (a,1)|-v
(a,
(b,

e ) > (6,2) +V|-v

o s (a+6,3)+ Vv

if:(b,4) = (¢,3)]-v,(5,3)
(b,4) = (¢,2)|(5,3),-v.(5.2)
(b,4) = (¢ 1)l(5,3),(5.2).~v

v 0
D).(X 2) »(X.l)(wzj
D3 : (x,3) — (X.2)‘((»,J,}_ (8,2)

(x,3) = (x, 1)\(».%) (8,2)

N 1

J

flat(Wh) = (2a + ¢, 1) + (6,2) + (5, 3)
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Example (continued)

Configuration of N

4 2a4c¢
r :a— (b,ing)
rn:b—a
4
rs . b — (c,out)
- J

Configuration of MNf

s

(2a+ ¢, *,%,0) —mpr (c,*, %,2b)
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(2a+¢,1)+(6,2) + (6,3)
rf i (a,1) = (b,4)|(5,2),(6.3),~v
(b, 1) = (a,1)|-v
I’Zr 1 (a,2) = (6,2) + V|-v
:(b,3) = (a+6,3) + V|-v
) ) 1V, (6,3)

+2)|(5,3),~v,(5,2)
)(6,3),(5,2),~%

e
=z =
—
(e}
= o W

(2a+c,1) +(4,2) + (4,3)

—>mpr
(c,1) +(8,2) + (6,3) + (2b,4)

Flattening P Systems with Dissolution
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Example (continued)

Configuration of I

4 c
r:a— (b,ing)
rn:b—a
2b
rs . b— (c,out)
&

Ws = (c, *,*,2b)
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Configuration of MNf

flat(Ws) = (c, 1)+(5, 2)+(5,3)+(2b, 4)

(D + 5.2+ (53)+(2b4) )
rf:(a,1) = (b,4)|(5,2),(6,3),~v
(b, 1) = (a,1)|-v
rf:(a,2) > (6,2) + V].v
i+ (b,3) = (a+94,3) + V]-v
i (b,4) = (¢,3)|-v,5,3

(b,4) = (¢,2)|(5,3),-v.(5.2)
(b,4) = (c,1)](5,3),(5.2),~v
v 0
Dz : (x,2) = (x,1)|(5,2)
D3 : (x,3) = (x,2)](5,3),~(5,2)
L (><.3) — (x.l)‘(,,'},) (8,2) )

CMC 2010
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Example (continued)

Configuration of I L Configuration of Mf .
4 c N @Dt 16.3) 20 )
r:a— (b ins) rf:(a,1) = (b,4)(5.2),(5,3),-v
b K (b)) = (3w
ry:(a, ) > (6,2) + Vv
rj +(b,3) > (a+6,3) + V|-v
rg (b, 4) = (¢,3)]-v,(5,3)
(b,4) — (¢,2)[(5,3),~v,(5,2)
4 (b,4) = (c,1)|(5,3),(5,2),~V
2b V-0

ERlCmd(Slot) Dy : (x,2) = (x, 1)l(s.2)

D3 : (x,3) = (x,2)(5,3),-(5,2)
(x,3) = (x, 1)\(».%) (8,2)

J

(c,*,%,2b) —rmpr (3¢, *,%,0) (c,1) +(3,2) + (6,3) + (2b,4)

—>mpr
(3¢,1) +(6,2) + (4,3)
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Example (continued)

Configuration of I

Configuration of Mf

1 4
4 3¢ N
r:a— (b,ing)
rn:b—a
4
rs . b— (c,out)
& J &

(3¢,1) + (6,2) + (6,3)

(3, 1) = (b,4)(5,2),(5,3),~v
rz'r:(b 1) = (a,1)]-v

(a, ) > (6,2) + V]-v

(b,3) = (a+6,3)+V|-v
3)‘ ‘V.(V\.%]
(¢,2) (5,3),~V,(5,2)
(c; Dl(5,3),(6,2),-v

> (%, 2)](5,3),
(x,3) = (x,1)|(5.3)

(5,2)

(6,2)

J

Wi = (3¢, *, *,0)
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flat(Wa) = (3¢,1) + (5,2) + (6,3)
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Main Results

W and V' configurations of T1:

if W =1 V then flat(W) =1 flat(V) or flat(W) —=r=>7 flat(V)

if flat(W) =1 flat(V) then W =51 V

If W,V configurations of 1 which has no dissolutions then

W =1 V if and only if flat(W) =1 flat(V)
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Conclusion

@ semantically conservative transformation of arbitrary transition P
systems with dissolution into a P system with one membrane;

@ one evolution step in 1 +— one or two evolution steps in M7;

@ based on a simple semantics which does not require additional
syntax for the flat form;

@ can be used to reduce problems for P systems with multiple
membranes to simpler cases (one membrane).
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Conclusion

@ semantically conservative transformation of arbitrary transition P
systems with dissolution into a P system with one membrane;

@ one evolution step in 1 +— one or two evolution steps in M7;

@ based on a simple semantics which does not require additional
syntax for the flat form;

@ can be used to reduce problems for P systems with multiple
membranes to simpler cases (one membrane).

Thank you for listening!
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