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Polymorphic P systems - The idea

* To manipulate the rules during a computation: represent them as
data
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Artiom Alhazov, Sergiu lvanov, Yurii Rogozhin: Polymorphic P
Systems.
In: CMC 2010, Vol. 6501 of LNCS, pp. 81-94, 2010
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For example
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Systems with non-cooperative rules

* Sergiu lvanov: Polymorphic P Systems with Non-cooperative Rules
and No Ingredients.
In: CMIC 2014, Vol. 8961 of LNCS, pp. 258-273, 2014
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UNIVERSITY OF DEBRECEN
N @ A FACULTY OF INFORMATICS




Non-cooperative polymorphic P systems with
limited depth

Theorem: PsETO0L C L(NOP?(polym,ncoo)).
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Systems with finite sets of instances of
dynamic rules

* Non-cooperative rules = Left-membranes have finitely many
possible membrane contentsin any computation

—2left-membranes are always “finitely representable”

 What about “finitely representable” right-membranes?

W Sergiu lvanov: Polymorphic P Systems with Non-cooperative Rules
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Finite representabilty

II = (O:- T, My W, (wlLﬁ le}? v eey {wnL:- u’nR}ﬁ hL—,)

* If wp is the contents of region h after the j-th step of a computation,
and w; can be obtained from wy, in the next computational step:

wy € ojp(wp)
* and g?’h(urh) = Wh,

k+1
95,k

* k
¢ Oy = U o p(w
- k20 pad
SRR
UNIVERSITY OF DEBRECEN
NE&ZJA FACULTY oF INFORMATICS N%

= c:er?h(g;??h(wh)) (set of contents obtainable in k+1 steps)




Finite representability

Region h is FIN-representable if the set of successor multisets of the
initial contents wy, of region h is finite.

2> if og,(wn) is finite
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FIN-representability, an example

/ \
rr ~ s 11 Hﬂ\ d
2 0 : b | .
S:ng 7:g:>>a \b
4:b— a B:a—e
Sb:c—d US,IL a) = {a,b,c,d}
a aa
\_ JlLL JlR
g a 2, “c
bb aa ae
~_ ; \ //

o5 1r(aa) = {aa,bb, ae, be, ee}
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FIN-representability,
(- - o)
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FIN-representability, an example
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Lemma 2. For any polymorphic P system 11 € NOP(polym,ncoo, fin), we can
construct a finite transition system My which represents the rule configurations of 11.
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Proof

II € NOP(polym,ncoo, fin)
I = (0,7, pu,we, (wip, wig),...,{Wyr,wygr),s), and let 1L, 1R, ... kL, kR

for some k& < n be the labels of those regions which are directly enclosed

}

My p

in the skin membrane.
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Proof

(1) If a membrane labelled by h € {1L, 1R
then let M), = (Qy,.qn.9;,), where

e O, =1{q} = {(wp,0)}, and
® 5, : Q) — 29 such that 6, (g,) = 0.

%/ﬁ
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...,nL,nR} is an elementary membrane,
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Proof

(2) If we have already constructed M;; , M;p for the pair of membranes labelled by
iL,iR for some 1 < i < n, we construct M; = (R;,7;,0;) to represent the dynamical
rule corresponding to this pair of membranes with

® R, =m(Qir) X m1(Q;r) where m; denotes the first projection of the pairs in Q;y,
Qir, (that is, the first components of the states, the components which denote the
contents of the corresponding region),

® 7, = (w;r,w;r), or using the notation with the first projection as above, we might
also write that 7; = (m1(q;i,), m1(G;ir)), and

® §;: R; — 2% such that (u/,,ulp) € §;(uwir, u;r), if and only if

—ul, €0, (u;r) and ul, € 6;r(u;R), or

—if &;p(u;r) = 0 and vl € 6;p(u;r) (or if 6;p(u;r) = 0 and u), € 0,7 (u;1,)) then
ui, = (or ulp = u;p, repectively), and

0i(uip,u;r) =0, if and only if &;7 (u;r) = d;ip(u;r) = 0.

=

SRR

@

UNIVERSITY OF DEBRECEN
A FACULTY OF INFORMATICS

17



Proof

(3) If the membranes that are directly enclosed by the non-elementary membrane
(their parent membrane) with label h are labelled by i1 L,i1 R, ... i, L, 4. R, and we
have already constructed M;,, ..., M;, for all the pairs i;L.7;R., 1 < j < k, then we

1 k J J

construct the representation M} in two steps.

(3.1) We first construct M, ;. = (R, i Tiy. iy 0ip..0.) With
® Ri, i, =Ri, x...x Ry,
® 7 iy = (Tiy..... 7, ), and
® Oiip Riy i — 21 ix guch that (77, sri ) € 0y iy (Tiys oo o1y ), if and only if

— 7. €0, (r;;) foralli;, 1 <j<k or
— if 0;,(r;;) = 0, but there is at least one 7;, such that d;,(r;,) # 0,1 < j, 1 <k, then
r. =r;. ., and

UNIVERSITY OF DEBRECEN

L15]3¢]
ﬂ FACULTY OF INFORMATICS N

@

18



Proof

as

o
N
N%

(3.2) Given M;

. ..i, and the initial multiset wy,, we can construct My, = (Qn, qn, op)

Qp = o}, (wp) X R, ., the direct product of the possible contents of region h and
the possible k-tuples of rules by the pairs of regions i LR, 1 <5<k,

qn = (wp, 7, . 4. ), the pair of the initial contents and the k-tuple of rules represented
by the initial configuration, and

0 : Qn — 29" such that (uj,. ), ;) € Sp(un.riy. iy ) if and only if

— the multiset u) can be obtained from u;, by the maximal parallel application of the

set of rules of r;, ;.. denoted as uy, = iy iy ) wh where vy, o= (Tiy. ... i),
and
J 1 _ J .
= T €0 i (Tig iy )y o i Oy iy (T iy ) = 0, then Piin = Tig.igs OF
1 1; - . . —_— v,
— 1f7?_1m3k € 0y i (Tiy. i), but the rules of ri, ;. = (ri,,..., i, ) are not applicable

to uy, then u) = uy,.
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Proof

If none of the cases above holds, that is, none of the rules of r;, ;. = (riy,...,7i,.)
are applicable to uy,, and 6;, ., (75,..:.) = 0, then 6y, (up, vy, 5, ) = 0, thus, the state
(up,7i,. 4, ) 1s a halting state in M),.
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Proof

If 1T = (O, T, p,ws, (wip, wiRr), ..., (W, wpr),s) with 1L, 1R, ... . kL. kR, k <n
being the labels of those regions which are directly enclosed in the skin membrane,
and we let M = My ., then the states of My represent the dynamically changing
collections of rules applicable in the skin region, which can change as allowed by the

possible transitions of My, in short, M represents the rule configurations of II.
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Theorem 3. L(NOP (polym,ncoo, fin)) C PsETOL.

tem, Il € NOP(polym,ncoo, fin), and let us assume (without loss of generality)
that the membranes that are directly contained in the skin region are labelled by
the labels 1L, 1R, .... kL. kR, k < n. Since both the left- and right-hand membranes
1L.iR, 1 < i@ < k, are FIN-representable, we can construct the transition system
Mpy = (Rp,mm.on) = My = (Ri k.71 301 3) as described in the proof of
Lemma 2.

Now, based on My, we construct an ETOL system G = (V.1,U,w), where V
contains the alphabet, 1" the terminal alphabet with 7" C V', w is the initial string,
and U is a set of tables, U = (Py, Ps, ..., P,,) containing at most three tables for each
state of M and one additional table.

Proof. Let Il = (O, T, p,ws, (w1, wiR), ..., (Wpr,wnRr),s) be a polymorphic P sys-
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A characterization of PsETOL

Theorem: L(NOP(polym ,ncoo, fin)) C PsETOL.
) = PsETOL.

Corollary: L(NOP(polym ,ncoo, fin)

UNIVERSITY OF DEBRECEN
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Why does the coroﬁary hold?



Thank you for your attention!
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Example 4. Let us construct the representation My = M, for the P system of Exam-
ple 3. Starting with the elementary membranes, we get Mop = ({(a,0)}, (a,0),dar),
Maop = ({(¢,0)}, (¢, 0),02r) such that dar (a,0) = dar(c,0) =0, and My = (Ra,72,02)
with Ry = {a} x {¢} = {(a,c)}, 72 = (a,c¢), and d3(a,c) = (. Similarly, we can
construct M; for all 7, 2 <i < &8, which all have a similar structure.

Now, given the transition systems Mo, ... M5 we construct My as follows. We
start with the construction of Ms 5 = (Ra..5,72..5,02..5) as

® Ry 5= {((a,c),(a.,b),(b?a),(c,d))},
® o5 = ((a, C)% ({I., b)~ (b (1), (Cr d)): and
. 52...5(((1':'6)3 (G.b)(b a): (C, d)) - @

If denote the rules by ro = (a,c¢), r3 = (a,b), r4 = (b,a), and r5 = (¢,d), then
ﬂ'{lL = (QlL?QlL}élL) is as follows.

The set of possible states is Q1 = {a,b,c,d, e} x {(ra,r3,74,75)}. that is,

QlL — {(a'ﬁ (?"2,'?“33'}"45'?‘5))? (b" (?"23?“3?'?"43?‘5))?(6_.. ('?"23'?"31?”'4,?"5))3

(d, (ro,ra,ra,75), (€, (ro,rs,74,75)},

the initial state is ¢1p = (a, (ro,73,74,75)), and the transition mapping is defined as

('?“23 r3,r4, '?“5))7 (b" (TQ: r3,ra, '715)}?

(e
{(d, (2,73, 74,75))},
{(a,

0

o1z(a, ( rs))
o1, (c, (ro,7r3,74,75))
011, (b, (ro,7r3,74,75))
o1z (d, ( r5))

2,173,475

('TQ,'r3a '7‘4}?45))}?

re,r3, 74,75

26



With a similar construction, we can construct Mir = (Q1Rr. ¢1r,01R) as

Q1R ::*{Ulaj (rﬂjTT:TS)): (bb: (TG:TTargt))? (be? (TG?TTrTS))j

(Q'Ea (?‘5??"7,?"8))3 (EE: (TG:TT:TS))}r

where r¢ = (a,b), rv = (b,a), and rg = (a, e). Further, 1 = (aa, (r¢,r7,78,79)), and

= {(bb, (rg,77,78)), (be, (rg,77,78)), (ee, (r¢,77,78))}

d1r(aa, (re,77,78)
)) = {(aa, (re,r7,78))},

) =
01r(bb, (re,7r7,78)) =
dir(be, (rg,r7,18)) = {(ae, (re,r7,78))}.
dir(ae, (rg,r7,18)) = {(be, (rg,r7,78)), (ee, (rg,r7,78))}.
dir(ee, (rg.rz,1r5)) = 0.

7 UNIVERSITY OF DEBRECEN
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Now, given M;, and Mr we can construct My = My as My = (Rq,71,01) where

Ry =m(Q11) x m(Q1r) = {a,b,c,d} x {aa,bb,be,ac, e},
is the set of states, 1 = (a,aa) is the initial state, and

01 ((I aa) = {(b bb), (b be), (b ee), (C: bb), (c, bﬁ?), (c, EE)}E
1(b,bb) = {(a,aa)},
51(b,be) = {(a, a0)}.
51(b, ce) = {(a,ee)},
b1(c,bb) = {(d,aa)},
d1(c,be) = {(d,ae)},
51(c,ee) = {(d,ee)},
01 (a= (18) — {(C: be): (C: EE), (ba be)a (ba EE)}.
01 (a., EQ) - {(C: EE’)? (b EE)}a

)

01(d,aa) = {(d,ee), (d,be), (d, bb)},

01(d,ae) =

d1(d, bb) = {(d.aa)},
51(d,be) = {(d ae)},
01(d,ee) = 0.

{(d,ee), (d,be)},
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