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Polymorphic P systems - The idea

* Artiom Alhazov, Sergiu Ivanov, Yurii Rogozhin: Polymorphic P Systems.
In: CMIC 2010, Vol. 6501 of LNCS, pp. 81-94, 2010

e Sergiu Ivanov: 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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Polymorphic P systems - The idea

* To manipulate the rules during a computation: represent them as

data
1:ab— ac : p
2:a—d N 1L e maﬂ, 2R
abbb becomes abbb
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For example
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3L 1R _ 9.,
a a 3.{1—,'{1.1112}?
2L, 2R 2:a—ainlR
a a . .
\L 1R l:a—ain s
(i} —
=
a a’
aL aRr .
a o2 3:a— a?in 2R
2L, 2R 2:a—a?in 1R
a a o
\L ‘R 1:a ain s
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For example

a a’
3L, IR :
a o2 3:a— a®in 2R
2L, oR 2:-a—a’in 1R
a a . o
\L ‘R l:a—ain s
(1)} =
=
a a?
3L, IR :
a a2 3:a— a®in 2R
2L, 5 2R 2:a—atin 1R
a a . 9.
\L ‘R l:a—a“1n s
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For example

a a?
3L 2R :
a e 3:a— a’in 2R
2L, 5 2R 2:a—atin 1R
a a . 9.
\L R l:a—a°1n s
1 —
=
a a’
3L IR :
a e 3:a—a’in 2R
2, . R 2:a—a®in 1R
i1 (i} 1- -
7 . R a— a in s
1 —
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For example

a a?
3L 1R :
a a® 3:a— a’in 2R
2L, . 2R 2:a—a®in 1R
L (1 1 ) &
L . R @ — a in s
1 —
=
a a®
3L 1R .
a 18 3:a— a®in 2R
2L - 2R 2:-a—a®in 1R
a a _ 64 .
(L - \R l:a—a  1ns
=
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For example

a 112
ELEE 3R
2L 3 2R
1 L
1L ag 1R
a {12
BL‘IIE iR
u 2L {154 2R
1L alﬂ 1R

=S

=

5

3:a— a’in 2R
2:a—a° in 1R
l:a—a®ins
=

3:-a— a’in 2R
2:-a—a%in 1R
l:a—a®ins

:;“)-...

[2? on 21’1[?1—1},-’2. Qﬂ[n—l}[n—ﬂjfﬁ)

UNIVERSITY OF DEBRECEN
FACULTY OF INFORMATICS N

g
l15]36] 7‘
©




Non-cooperative polymorphic P systems

e Strong non-cooperative systems: left membranes contain at most
one symbol

 Weak non-cooperative systems: all rules which are actually applied
have one symbol on their left-hand side

Theorem 2. NOP,(polym4(ncoo,,)) = NOP,(polym, 4(ncoo,)).




Systems with finite sets of instances of
dynamic rules

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

-2 left-membranes are always “finitely representable”

* What about “finitely representable” right-membranes?



Finite representability

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



FIN-representability, an example

. N

(" 2:a Dc ) S EY IR \
3:a 2b 7.b 2a \ b
4: b 2a 8:b 2c
5:¢2>b 9:¢c2b op1r(a) = {a,b,c}

\_ a JI1L \_ aa /IR

0p.1rlaa) = {aa,bb, cc, ac}

Region S is not FIN-representable



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

I

All Right membranes are
FIN-representable
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What is ETOL?

&+ example
/. '.-.fuow / U € EQ/Q}"S
G={fat Ay Sasy, 5 AAY
1\

e A DalAd, ama | =L

1. table

—

2 A = %é) o e, b—>_ - _table

l

o A — D ¢ e g bbb 3 ; Table



Theorem 0.2.11. 1)

Z(TOL) o
Z(DTOL) “ o ZIETAL) C., L(cs)
S Z(EDTOL)

and ¥ (TOL) and ¥ (EDTOL) are incomparable.

| F(CF) < ¥(ETOL)J and £(CF) is incomparable with ¥ (EDTOL), £(TOL), and
¥(DTOL).

iii) For any ETOL (EDTOL) system @ there és a propagating ETOL (EDTOL) system @
such that L(F) = L(@).



PsETOL CL(NOP(polym ., ncoo, fin))
Proof idea —an example

The membrane system:

The ETOL system:
y 14:a, — aja3 /;Zb—}-ﬂi ) /_T:b%-ﬁl )

15 - a .j;, . L _

G = (V.T,U,w) o1 a 3idi sy || Stm—a

S 16 : @, — aSafa? / 0 -
V_T_{(L (L*} P 2711 4:a5 — ¢ J:az —+C
_ _ L2y 17 : Gy — af 5.0 s h

w = a1a9, 10 : b — a,

U:(Plrpg)? 18:“‘%_3*"?? 6:b—d 11 :a; — as

Pl — {(1,1 — a1d2, G —7 aai1dy 19 : a} — a) 1208 — ¢

- al 0 b

PQ = {(Ll — 9., Ao — (Ll}. 20:a3 o a3 13:c — b

21 : as — ab

a’y a o / \‘5 J
172 1L IR S
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Y
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Proof idea
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Step|Rule 1 Contents
of the Skin
1. b—0b w
2. |a} — a1 a’yab
3. |ah — ao a1as
4. c—cC aiasas
5 |b—0b alasadalal
6. |a} — a1 or|aiababala)
ay — a
ﬁa’%’ UNIVERSITY OF DEBRECEN M

”)
A

@

16 :

D doy — a3

21 :

11

cay — al

o — Hgf.i.?r:?

0

1 0

. H’l — f!l

. o0 !
ra; — a

1 ]

:“-3_3"-“]2

uf_ﬁ —

) f

3:a) = ab 8:a; — ag
4:al =« 9:a; —c
5:c—b
10: b — a,y
G:b—d 1@, — a
12:01) — ¢
b
13:c—2b
b
\ RN /
L IR

ETOL tables: Py = {ay — ayas, as — asaja;}
P = {(Ll — o, A9 — (Ll}.




Proof idea

Step|Rule 1 Contents
of the Skin
/ /
1. b—0b a1 ao
! — / /
2 o
3. G,IQ — a2 (7,105/2
4. c—cC aiasas
5 |b—0b alasadalal
6. |a} — a1 or|aiababala)
ai — 1
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A

@

ﬂl :a; — ajal

15:a, — al
L o 0,0,0
16 : as — asaja;

17: a9 — af

18:al — af
19: a} — a}
20 : al — a

21 : uf_ﬁ —

) f

o)
J
)
!
~)

2:b—aj L
@ a) — ab @ a; — as
4:a5 = ¢ 9:a; —c
5:c— b

10: b — a,y
G:b—d 1@, — a

12:01) — ¢
]

13:c—=b

a1
. RN %

1L IR

ETOL tables: Py = {ay — ayas, as — asaja;}
P = {(Ll — o, A9 — (Ll}.




Proof idea

Step|Rule 1 Contents 5-a. s H1 -
f the Ski - 2 3:a) = ab I
O e 111 s, = 0,00
— 16 : a; — asajaj @”5 N @”-2 e
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1. b—b aqas 1;.(;:—3(!& 5:c— b
9 all s ay @’1&/2 10: b — a,y
= — 18 : al — af 61 ] 11 :a; — a-
3. |ab —a a1as| b b )
= 2 2 19 - " ! 12:8) = ¢
4 c—c a1 asas T
) /
5 b—b alaSasalal 20:a; = az @ 13 b
. 1 22U 1 1 oL —F
21 : ay — a!
/ _ NN, 2
6. a7 — a1 or|aijasasaia; _
= a
ai — a1 2

b 7 Tr
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ETOL tables: Py = [ay — aq1as,| as — asaja;}
P = {(Ll — o, A9 — (Ll}.




Proof idea
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1. [b—=b a’ as
2. |a} — a1 a’yab
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5 |b—0b alasadalal
6. |a} — a1 or|aiababala)
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14: @, — aja; 2:b— aj ]
15:a; — al ;@ a
1 2 3:a) = ab S:81 8

G 0,00

Hg — asaqay 4:d > e O:a; — ¢
-, = 0
17 : a9y — aj @f.‘—:-b

10 : b — a,

o1 0 Ty — d
@'ﬂ'l_’“l 6:b—d iy = a
19: a] = a 12:8 = c
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Proof idea

Step|Rule 1 Contents
of the Skin

1. [b—=b a’ as

2. |a} — a1 a’yab

3. G,IQ — a2 (7,105/2

4. c—cC aiasas

5  |b—b :a(fagaga(fa(f]

6. |a} — a1 or|aiababala)

ai — 1

e,
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ﬂl :a; — ajal

15:a, — al
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17: a9 — af

18:al — af
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@- ay — &

20 : al — a
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3:a) = ab 8:a; — ag
4:al =« 9:a; —c
5:c—b
10: b —= ay
G:b—d 1@, — a
12:01) — ¢
b
13:c—2b
b
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Proof idea
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14:a; — aja;
Step|Rule 1 Contents 15: 3, — ab
of the Skin 16 : @y — aSaa?
1. [b—b a’ab 17 : @y — af
2. |a} — a1 a’yab oo
_ _ 18: a7 — a
3. |ah — ao a1as b
— 19:a" —
4. c—cC aiasas ' :
20 : al — al
5. |b—=1b aladadalal j f
7 _ IR, 21 1 a; — as
6. a] — a1 or|aiasasaia;
a,'l — a1 7 I
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AWty Qs RlYZ
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Proof idea
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3. |ah — ao a1 as L I
1 T 1o 19: a} — a} 12:3y — ¢
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L(NOP(polym ,ncoo, fin)) C PsETOL.

The proof idea

We can construct the finite
set of instances of rule 1:

CcC

ac
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The proof idea

The construction of the ETOL
tables:

* initial string: d,,, a

e the table: a

a=>aa

da >aa > db >bb
da >aa > dc >bb
dy>,, 2F
F>F

Sod
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The proof idea

The construction of the ETOL
tables:

* after the Ist step:d,,, aa

e the table: a

a=>aa

da >aa > db >bb
da >aa > dc >bb
dy>,, 2F
F>F

N%
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The proof idea

The construction of the ETOL

tables:

* after the 1st step: d,,, aa

* the table: (—
b 2bb

db —>bb > da >aa
db >bb > da >cc

db%bb > daéac
dy>,, 2F
F>F
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The proof idea

The construction of the ETOL

tables:

* after the 1st step: d,,, aa

* the table: (—
b 2bb

db —>bb > da >aa
db >bb > da >cc

db%bb 9da%ac
dy >y > F
F =2 F andsoon...

UNIVERSITY OF DEBRECEN
FACULTY OF INFORMATICS
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It we have two dynamic rules...

...we can construct the finite
set of instances of rule pairs
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It we have several dynamic rules...
...we can construct the finite
set of instances of groups of
rules that can be applied
simultaneously
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L(NOP (polym E-rz.afoo,b@) = 7

What happens if the system is not finitely
representable?

The righthand sides of rules are “words” of an
infinite language 2>

- symbols are replaced with “words” of unbounded
length -2

- like parallel communicating grammar systems?




A Parallel Communicating EOL system

I'=(N,K,T,G1,G2,G5,Gy)

with N = {a,b,c,d}, T = {a,c}, K = {Q1,Q2,(3,Q4}, and G; = (N U
K, T,w;), 1 <i<4, where

w; =a, P, ={a — aa},
wa =b, P, ={b— Q1b},
wy=d, Ps={b—= A\d— Q2,d = Q4}, and
wyg =d, Py ={d— cd}.



w; =a, P, ={a — aa},
wo =b, Py ={b— Q1b},
wy =d, Ps={b— A\,d— Q2,d = Q4},
wyg =d, Py ={d — cd}.

L(I) = {c" % a¥"" "2 | n > 0)

Gl Gz GE‘. G:l
a b d d
aa |()1b Q4 cd
aa |aab cd cd
aaaa|aal)1b )4 ced
aaada|aa aaaa b c ecd ced
a® |aaaaca Qib |ceeQs ceed
a® |aaaacaa®b |cceQs ceed
a® |aaaaaaa®b |cecaaaaaaa®b|ceed
a'® |aaaaaaa®Q1blcecaaaaaaa® |ceced




Polymorphic P systems vs. PC ETOL systems
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Polymorphic P systems vs. PC ETOL
systems — a system with 2 components

sl 1"
Can 00, (b bu LGe A > (e~de)
ag""’;o’“-— bar=dqy oG ag e (
1L F
N\ge B b QH&._ [9".7(1 Agy D&.,{
f"‘”? e F DG o, A«
— OL ) C—""f ¢ ) ' Q{p_@qp_(. bﬂ. d\okﬂl €
Ne A% (G,
(e, No d’e cb, MNe
Rie D F 3 e C
by — F ‘L g C dﬂ. 0(

d ‘-—7 Qm) Jj (Qm)ﬂ@nrz)@ﬁ&f& oL%Q
(ﬂle)e, )ecoﬂq_



|

(

L

g1

S —————

lO[?C olp_
‘0(;7(, AqL
P Ay,
P6¢ by,
QJRQQQC bq}_

o}\%l A‘bf ¢ %ru_

0\770, O(be_ C (oﬂ_
q}e A7 ¢ g
( Q,je@mje by **%

i) (&(’e.)%e cdy

LHLN
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e
At

A«
AAd ¢
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This idea can be formalized:

Theorem: L(N OP(polym,ncoo)) C PsN PC(ETO0L)

[A. Kuczik, Gy. Vaszil, CMC 2024]



The other way around?
L(NOP(polym,ncoo)) DPsNPC(ETOL)

* The “communication graphs” of P systems are not complex enough
—>What can polymorphic P systems do?




The other way around?
L(NOP(polym,ncoo)) DPsNPC(ETOL)

* The “communication graphs” of P systems are not complex enough
—>What can polymorphic P systems do?
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The other way around?

* The “communication graphs” of P systems are not complex enough
—21In general:

E~ N

’ b . ] ) w e

s VA IR terte me

The communication graph is a tree
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We can prove:
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The earlier example:

G1 G2 Ga G4
a b d d
aa |C1b Q4 cd
aa |aab cd cd
aaaa|aaC)1b el ced
aaaa|aa aaaa b cced ced
a® |aaaaaa Qib |eccQs ceed
5 laaaaaaa® |ceceQq cced
a® |aacaaaa®b |eccaaaaaaa®blceed
a'® |aaaaaaa®Qibleccaaaaanaa® |ccced

Q4

Q2

dir,

AL T4,10 : C4R4 —* C4AR5, - -
T416: C2R3 — Cor F,Ta,17 - dop3 — dap F

1

r4,1 d4R‘1 — d4R,2,'r'4_.2 : d:m‘:e — d4R_.3,'r‘4_.3 : d4R_.3 — C4R,4d4R‘4,
ra4 dipa = dars,..., 748 1 dirs — daro,740 1 daro — dar 1,
-,T4,14 1 C4R8 — C4R,0,T4,15 1 C4RO —* C4R 1,

2L

2,15

@R,l

@

r2,1 :b2r1 — bara2,m22 1 bar2 — ber3, 123 1 bars — Qib2r.4,

.,Tr2,8 bQR,S — b2R‘D,?‘2‘D : b2R‘9 — b2R_.l,
r2.10 :
r2,13

1L

12 :Qir2 —+ A1R3,--

1,1 P Q1R — A1R,201R,2,

.,T1,8 1 A1rs — A1R0,

r1,0 ' G1R9 — @1R1,T1,10 : A1R,1 — Q1R F

a1Rr1

<

ro,.4 - 523‘4 — b2R,5, ..
a1Rr.4 —+ 02R.6,72,11 : A2R,6 — A2R.T, - -
a2r.8 — A2R,9,72,14 : A2R,0 — Q2R 1,

la2r,3 — Q2R F,T2,16 - b2r3 — b2r.F

o]

)

SlL rsl,g

.

SzL Ts9,3:

ﬂr’sl,l

Tsq,2:

Tsy,4 -
Ts1.5 °
Tsy.0

Qsy.1

o

Dlsy 1 = Osy .2,

Qsy,2 — sy .3

F0sg3 — sy 4,

gy,3 — a

sy ,4 — Qsy 5y -
gy 8 — sy 0,
Ts1,10 - Q51,9 — Asq,1

N

/;’52,1

ng,?

Tsp.4
T's9.,5
Ts9.,9

bsz.-l

.

. 532‘1 — 1332__2,
: b32‘2 —+ b‘;?__g
bsz‘B — bsg__dl,
: 532‘3 — b

: b32‘4 — 532,5, F

: b3213 — b32.-9!

T'sy.10 : bsg,D —+ bsg.-lu

J/

SQR

Cg 3 ﬂ'33 s

W
&
-
w
W
=W =

=3
w
W
2]

Csa,1

Tsq,0
Ts3,10 * Cs3,0 —* Csg.1,

. Csq,1 —* Csa,2,
P Csq,2 — (54,3
i Cgq,3 —* Csq.4,
ICsy3 —C

P Cgq,4 — Csn By

Cs3,8 —+ Cs3,0,

J

SgR

Tsq,2

sqL | Tsa:3 -
’!’34,4 .
: d54,4 — ds‘i‘s, Ca

Tsq.5

Tay,10

ds‘i‘l

-

(Foat

tdsy2 — dsy 3

Ts4.9°

dsd.,l — dsd.‘??

d54,3 — ds‘i“l?
ds4,3 —d

d54,8 — ds‘i‘g?

tdsg0 = dsyn,

~

/

Ts1: ds.l — dsj;""s,? : ds,f! — ds_.S, Ts3: ds‘B —+ ds,4; Ts4: ds4,4 — ds,ﬁ,

Ts,5

Ts,10 : C4R,7 — C5,9,Ts,11 : d4R‘7 — ds“}; Ts,12
Ts,14 1 Qs 6 — Qs F,Ts15 :

tlsy 4 — As,6,7s,6 :

dsl

.

S4R

4R

2R

532,4 — bs‘ﬁgrs,'f P Csq,4 —F Cs,6,Ts,8 1 ds,G — Q4, Ts,0: ds_.G — Qz,
: ds_.g — ds"l.;""s‘13 I Cs,0 — Cs,1,
bss — bs,F,Ts,16 1 Cs.6 = Cs,F,Ts,17 1 dsg — ds,F,Ts,18 1 b= A




The earlier example:

2R

Gl Gz GE'. Gsl
a b d d
aa |C1b Q4 cd
aa |aab cd cd
aaaa|aaC)1b el ced
aaaa|aa aaaa b cced ced
a® |aaaaaa Qib |eccQs ceed
5 laaaaaaa® |ceceQq cced
a® |aacaaaa®b |eccaaaaaaa®blceed
a'® |aaaaaaa®Qibleccaaaaanaa® |ccced

4R 1R |51 |
ds 1 bag,1 dir.1 aiR.1 dsy 1
ds2 bor,2 dsr,2 a1Rr201R,2|dsy,2
ds.3 bag.3 dira a1Rr,301R3|dsy 3
ds 4 Q1bara c4r.4dar 4 a1R401R4|dsy 4
dsy 4 a1R401R 4b2R 5 csrsdins a1p501R5|dsy 5
ds.6 a2r,602R,602R.6 car6d4r.6 1R 6Q1R.6|ds, .6
Q4 azr,7a2R,702R 7 car,7dap7 Q1R,7G1R,7|dsy.7
cap,7dary azr,sa2r,sb2R.8 capsdins a1r8a1R8|ds, .3
cs,0ds.0 a2Rr,002r,002R 0 car,0dipo A1R0G1R.0|dsy.0
€s,1ds 1 azr.102r1b2R 1 car1d4r 1 @1R,101R,1|dsy,1
€s,2ds2 a2pr,202r,2b2R 2 cap2dir2 (&13‘2) 534,2
¢s,3ds 3 azr,302r.3b2R 3 car3dir3 (a1r3)*  |dsy3
Cs,4ls 4 a2Rr,402R,4Q1b2R 4 C4R,4C4R AQ4R 4 (a1r4)* |ds,.a
Cs,50s .4 (a2r5)*(a1r.a) bors Cap5€ar3d4R5 (a1rs)*  |dsus
cs,6ds.6 (a2r.6)?(a2r.6)*b2r.6 C4R,6C4R.604R 6 (a1r6)* |dss6
es,7Qu (azr.7)*(azr.7)*bar. cap7€ar.7dan7 (a1r7)*  |dsar
€5,8C4R 7C4R,7d4R 7 (a2rs)*(azr.s) bar.s C4R8C4R 8A4R 8 (a1rg)* |dsas
€5,9C5,0Cs,0ds.0 (a2r.9)*(azr.9)*b2r.9 C4R,0€4R.0d4R0 (a1r9)*  |dsg0
Cs‘l{cs,l)2ds,1 (!12}?_.1)2(!1211,1}452,?,1 C4R,1C4R,1d4ﬂ‘1 (&13‘1)4 tfs4 1
es.2(cs.2)ds 2 (a2r.2)*(a2r.2) b2r.2 C4R,2C4R 204R 2 (a1r2)°  |dsg2
85‘3(63,3)2ds,3 (!12}'1‘,.3}2 (!12&,.3}452}?,.3 C4R,BC4R,3d4R‘3 (&13‘3)8 ds4,3
03‘4{6‘3,4)2033,4 (GQR,4)2 (32R,4)4Q1b2ﬂ‘4 C4R4C4R4C4R 404R 4 (GIRA)S dsy.4
Csq.a(Csg.1) sy 4 (a2r5)*(azrs)*(a1r4)*b2rs |Carscarscarsdirs |(a1rs)®  |dsys
es.6(cs.6)’ds6 (a2r.6)*(azr.6)*(a2r.6)*b2r6 |Carccarscaredirs |(a1re)® |dsye
es,7(es.7)?Q2 (a2r7)?*(az2r.7)*(a2r7)%barr  |CarrCarrCarrdans |(a1r7)®  |ds,.7
es.s(cs.8)*(azr7)?(azr,7)* (a2r.7) b2r.7|(a2r.5)? (a2r.8)* (a2r.5)*b2rs |carscarscarsdars |(a1rs)® |dsys
€5,9(Cs.0)%(as,0)%(as.0)* (as,0)%bs.0 (a2r.0)?*(a2r.0)*(a2r,0)%b2r0 |carocarocirodaro |(a1ro)® |ds,.0
es.1(cs.1)*(as,1)?(as1)*(as,1)%bs 1 (a2r.1)*(a2r1)*(a2r,1)%b2r1  |camicaricaridart |(a1r1)®  |ds,1
es2(es.2)?(as,2)?(as2)*(as,2)%bs,2 (azrz2)?*(azrz2)*(a2r,2)®b2r2 |car2carz2c4r2dar2 |(a1rF)® |dsy2
es.3(cs.3)%(as,3)? (as,3)* (as,3)%bs 3 (a2r.3)*(a2r.3)*(a2r3)%b2r3 |car3car3zcarzdirs |(a1rF)® |ds,s
05‘4(6‘3,4}2({15‘4)2( ) (!ls 4)853 4 ((12R,F)2((12R,F)4((12R=F)8b2R‘F C4R,FC4£,FC4£,Fd4R,.F (&112‘}?)8 d
e(e)?*(a)*(a)*(a)®b (a2r.r)?(a2r.r)*(a2r,7)®b2r.F|cir Fesr Fear pdar.p|(a1rF)® |d
0(8)2(3}2(&)4(&)8 (QQR..F)Q(QQR..F)‘;(QQR,F)SI)ZR‘F C4R,FC4£,FC4£,FJ4R,.F (&112‘}?)8 d



Thus...

We have a characterization of non-cooperative polymrphic systems in
terms of parallel communicating ETOL systemes.



Thank you.
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