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Outline of the talk

e P systems with string ojects and with communica-
tion by request, definitions, example

e [ he two different types of communication
e [ he power of these constructs

e Conclusions and some further research directions
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P systems in general

e A (hierarchically embedded) structure of membranes
containig a collection of objects which evolve and move
through the regions embraced by the membranes.

e [ he evolution of the system corresponds to a computa-
tion.

e [ here are rules associated to the regions, having two basic
goals: change the objects (rewriting), move the objects
from one membrane to some other one (communication).

SZTAKI - Theoretical Computer Science Research Group



Our model

Multisets of strings over sets of terminal and nontermi-
nal symbols in each membrane, processed simultaneously by

context-free rewriting.

Special nonterminal symbols called query symbols associated
to each membrane. Communication requests are initiated
by the appearance of query symbols in the processed strings.
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Our model (continued)

When one or more query symbols are introduced in a string,
then

e the rewriting stops and the

e queries are satisfied by replacing the query symbols with query sym-
bol free strings from the region indicated by the query symbol, in
all possible combinations.

e If no query symbol free string exists in the queried region, then the
string containing the query disappears.

The result consists of all terminal strings which appear in an
output membrane.
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The two types of commmunication

Consider the strings as descriptions of simple organisms and
the query symbols as their “weak points” possibly infected
or attacked by other organisms. Then:

(XA

e Communication of type “i" (infection): Copies of the com-
municated strings are sent, one copy also remains in the
originating region.

e Communication of type “p"” (parasitism): The communi-
cated strings disappear from the originating region.
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An RPC system

= (N Uiy K)/”’? (117R1)7 ce ey (InaRn)7i0)

N, T — finite alphabets of nonterminal and
terminal symbols
K={Q1,...,Qn} — the alphabet of query symbols

I; — finite multiset of strings over NUT
(the initial multiset of region 1)
R; — finite set of (context-free) rules associated to

region ¢, of the form A — «,
where Ae N, a e (NUTUK)*

io € {1,...,n} — the index of the output membrane
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Changing the objects: rewriting

[ = (N JrTu K7 M, (IlaRl)a I (In7Rn)7i0>

(Mq,...,Mp) =rew (MY,..., M)

1. There are no query symbols in the strings of M;
M! = {{«, ..., 25, }} where M; = {{z1,...,2m}} and

either z; = :r;; by applying a rule of R; or mg = x;.
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Moving the objects: communication

(Mq,...,Mp) =com (MY,..., M)

2. There are query symbols in the strings of M,

a) the p-communicating variant:
M} = Mi— | M;™| — {{z € M; | |z|g > 0}} + Ugem, |u|x>0Sat(@)
where

? 0, otherwise.

Sat(az) — {{ xly’iley’iQ ce oYy t41 | L — leileQiQ I Qitmt-Fla y’LJ S MZ
lyi,lk =0, 1 <5<t H
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Moving the objects: communication

(Mq,...,Mp) =com (MY,..., M)

2. There are query symbols in the strings

b) the i-communicating variant:

M; = M; — {{z € M; | |z|x > 0}} + U Sat(x)

where
Sat(a:') — {{ L1Yi1X2Y45 - - Y Lt 41 | L = ':E].Q?:1$2Q’i2 - - Qitxt—|—17 y’L] S M’ij
yi;lk =0, 1 <5<t }}
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The generated language

[ = (N U KUT?M) (IlaRl)a SR (In7Rn)7i0>

Lx(M ={zeT"|1,...,In) =" (M1,..., M) and z € M; ,}

for X € {p,i}.

The language classes: pRPC,,CF, 1RPC,CF
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Example: A system with one membrane

M= ({57 A} U {Ql} U {a7 b}a [ ]7 ({{Sa A, b}}a Rl)a 1)1 with

R ={S —aSa,S - Q1,A— AA— Q1Q1}

[S, A, b] =
a) ...= [a"Q1a"™, Q1Q1,b] = [a"ba™, bb]

b) ... = [a"Q1a™, A, b] = [a"Aa", a™ba"] = ... = [a"Q1Q1a", a"ba"] =

C) ...

=

(a"a"ba"a"ba"a"]

a™Sa™, Q1Q1,b] = [a"Sa™a"Sa™, a™Sa"b, ba™Sa",bb] = ... =

... abbs.. ]
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Example: A system with one membrane

L(M NatbaTba® = {a®™ba’"ba’" | n > 1}
thus, L(MN) € CF

pRPC1CF — CF # ()

[Csuhaj-Varja, Paun, Vaszil, 2006]
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Tissue-like P systems and “standard” P systems

e [issue-like P systems: Direct communication is possible
between any two regions of the system.

[Csuhaj-Varja, Paun, Vaszil, 2006]

e Standard P systems: Direct communication is possible
between neighboring regions only.
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Tissue-like P systems with string objects and

communication by request

CF C (tissue) XRPC1CF C (tissue)iRPCgCF =
(tissue)pRPCgCF = (tissue) X RPC«CF = RF,

for X € {i,p}.

[Csuhaj-Varja, Paun, Vaszil, 2006]
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In the following we will study the standard variant, when
communication is only possible between neighboring regions.

The notation pRPC,CF, 1:RPC,CF will be used to denote the
corresponding language classes.

SZTAKI - Theoretical Computer Science Research Group

16



T he relationship of systems with the different

types of communication

iRPC,CF C pRPC3,,CF
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The proof of :RPC,CF C pRPC3,CF

Two new regions n—+1 and 2n +1 .

are added to all regions 7, with ii@“ Q
Sa S 5 o
Sa, Sa -2 S e
Ry4it 53 = Quaiy S4 — Qopngy
Rop4it 51— Qpayy, 52 — Qopi

S1, S3 lsl, 53] L[ St Quyi [@n+i, 33]
S2, Sa 52, 54 Jop 1, et S2, Qop+i Qonti> O4 |54, et

S1, Sz [S1, S
:>! 173[173

S, Sy S5, Sa .and so on. Region n—+41% can al-

Ln—l—z‘ ]n-m‘ ways send Sq,.55.
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The proof of +RPC,CF C pRPC3,,CF continued

We also add

the strings: Sq, So,
and the rules: S1 — Q;, S2 — Qp4

to each “original” region z.
The first rule “saves a copy’ of all strings, the second one adds

S1, 52 again.
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The power of RPC systems

1RPC19oCF = RE
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The proof of :RPC1oCF = RE

et
RPC systems with i-type of com- e Tl
munication can simulate two- i
counter machines.

Q&L{Mw{ = 0

Instantenous description: L
P [‘[armmlmmwm——r
((L a’761762) a2 >0
Transition: Rl rEelen -- -

(g,a,c1,c0; ¢ e1,en)
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The proof of :RPC1oCF = RE continued

Explanations how the membrane
system corresponds to the two-
counter machine:

Region sel is for producing nonterminals

. /
lq,a,c1,c2; ¢, e1,e]

that correspond to the TCM transitions

. /
(g,a,c1,c2,; q,e1,€e2).

In the final phase, it also checks if the

computation was correct.
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The proof of :RPC1oCF = RE continued

Region gen is responsible
for adding the symbol

read by the TCM to the
word generated by the mem-
brane system.

T he generation of the word
letter-by letter corresponds
to the computation (read-
ing) of the word by the

TCM.
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The proof of :RPC1oCF = RE continued

Regions c¢; simulate the changes

in the contents of counters c;.
Strings containing A € N in the
regions c;
A4A4... 4
Ci

correspond to the counter values

C,L'.
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The proof of :RPC1oCF = RE continued

Region chl assists  in

checking the correctness
of the simulation.

If symbol A appears in a
word in region chl, then an
instruction of the TCM to
be executed with an empty
counter was not correctly

simulated.
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The proof of :RPC1oCF = RE continued

Regions ind; and chy; assists in

checking the correctness of the
simulation.

These regions guarantee that the
simulation of the decrement in-
structions of the TCM can be
performed iff the corresponding
word in region ¢; contains at

least one symbol A.
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Simulating a transition: o« =|[q,z,Z,B;q¢,+1,—1], 6o = AA

Csel Cgen Cchl Ccl Cz'nd Cch2 1
0 Bs wS1, 5] E...51,5] E..J C; B1 AFEJ...Hq
1 o wS2, Qsel E...SQ,S’2 E..J,C5 B> AFEJ...H>
1C a1 ’LUSQ,CVl E...SQ,SIQ E...Jl,CQ BQ AEJ...HQ
2 az | WQsel, E...S3,Qgen E...Jx,Cs B3 AEJ...Hs
2C || ao wao, o) E...Sg,,o/1 E..J> C3 B3 AFEJ...H3
3 a3z | WQsel, @ | E...Qgen, & E..Qc,,Cs Ba AEJ...Ha
3C a3 wa3,a’1’ E... 04/1/,54/1 E C_kl,C4 B4 AEJH4
4 o4 wa4,S’2 E.. chQS47 &lllanhl B5 AEJH5
4C aa waog, S5 E..o S, E af, o Bs AFEJ...Hs
5 as was, S5 E..._”S5,S3 E...00J3,Cs Beg AFEJ...Hg
6 a6 waoe, Sy E..a7S6,5, | E...QinaJ3,Cs E AFEJ...H7
6C Qe ’lUC\{6,S£L E..._”S6,S’ E..EJs, Cs E AFEJ...H7
4 o7 wa7,S’5 E..._//S7,S, E...Ede, 07 J4 AEJHS
7C a7 war, St E..afS7,S¢ E..EJs, C7 Ja AFEJ...Hg
3 asg wal,Sll E..."’Sl,S’ E..EJ C, B1 AEJQ. Hq
8C as wal,S’l E..._”SLS’ E...EJ, Cl Bl AFEJ.. Hl
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Simulating the termination, moving the result w to C,,.

Csel Cgen Cchl Ccl Cz'nd Cchg 1

0 Bs wS1, 5] E..S1, 5, E..J C1 B1 | AEJ...H;

1 i) wS2, Qeet | E...S2, 5, E..J1,C> B, | AEJ...H,

1C Fi wSQ,Fl ESQ,SIQ E...J]_,CQ B> AFEJ...H>

2 I3 WQset, F11 | E-..53, Qgen E..Jb,Cs Bs | AEJ.. H3

2C I3 wFs, F11 | E..S3, Fi1 E...Ja,C3 Bs | AEJ.. H3

3 5 WQsets F12 | E-..Qgen, I E..Qw.,Ca B. | AEJ.. Ha

3C F3 wF3,F1,2 E...FLQ,F{ E...F{,C4 B4 AEJH4

4 I wFy, Fi3 | E..Qs,, F, E..F Qun, Bs | AEJ...Hs

4C Fy wFy, Fi3 | E...S4, F; E. F F, Bs | AEJ...Hs

5 Iy wFs, F14 | E..Ss,F} E.F Qen.. Be | AEJ.. Hg

5C Fs wFs,F14 | E..Ss,F, | E..F/,AEJ..Hs | Bs | AEJ..Hg

§) Fs WQch, E...S6 E..F! E AFEJ...Hy
Fis Q..Q., AEJ...H7

6C o wE...Se E...S6 E..FY E | AEJ...Hy

Fis AEJ.....Hy AEJ..Hy E | AEJ..Hy

4 Qgen wkE...5§ E...S7 E. FY Ja | AEJ...Hsg
Qch, AEJ......Hy AEJ...H7

7C [ wE..S, | wE..S; E..5; E..FY Js | AEJ...Hg
AFEJ..Hy | AEJ......Hy AFEJ...H7
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Thus, combining our results, we obtain

1RPC190CF = pRPC3qCF = RE
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Conclusions

e RPC systems are as powerful as the Turing machines

e [ he two variants of communication do not imply difference in the
generative power

e The organization of the membrane structure (standard, tissue-
like) does not imply difference in the generative power
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Open problems

e How to model biological phenomena as resistance, malignant be-
haviour, etc. in this framework?

e [ hese systems can be considered as models of assembly as well.
How they can be related to the existing models?

e \What about the communication complexity of these constructs?
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