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Abstract

W comslder xome slight varianms of P awlems with valuanion
as imtroduced in Martin-Vide and Mitrana (20000 and we
study their gemerative power and campuiarional efficiemey
When rewriting takes place owly in the ends of the strings,
eack recursively enumerable language can be geaerared by
i sysiem with only heo membvanes. [ e string replication is
alfowed (wien the valuation of o srimg alfows the siring to
Ew to several membranes, then coples of the siving are xend fo
all these membranes), then NP-complere problems can be
sadved in linear Hme We prove this for HPFP jthe evizence of
a Hamilionlan patk in o directed graph) and glve some in-

formal  explanations  on o similer  solwlion
Sor 84T

Keywords: P System, Membrane, Valuation, Polarization,
Valence Grammar, Hamiltonian Path
Prabbem.

Resumen

Conyiderannes pequeias varianies de sivemas P con valora-
ciit fal como se presemtan en Martin-Vide v Mitrana (2000,
¥ estudiamos sw capacidod generativa v xw eficlencia
vompiacianal. Cuandn b reesoritnrg fiene Digar solamen-
te en lag partes finaler de los cadenas, toda fenguage
recurdivamenle enimerable prede ser genceado por medio
de wn siztema con saéle dos membranas. 5iose permite Tn
replicacidn de lo cadena fowands la voloracian de ums og-
dema permite @ ésta v @ vavias meshramas. g ervian copias
de la cadena a todas elflas). entocer xe pueden resolver of
problemas NP-completas en tempo Nneal, Probamos esio
para HPP fla exiciencia de wn camilre hamilionians en un
grafy orienfadol v offecemos algnnss comentarios igfoeme-
les xobre wra  solicide  similar  para el SAT

Palabras clave: Sistema P, Membrann, Valorackian, Polariz-
cion, Gramdilea de Valencias, Problemn de
Camino Hamilioniann,

1 Imtroduction

P systems are a class of computing models abstracting
from the way in which the alive cell works. Informally,
in the regions delimited by a membrane structure (a
membrane is undecstoud as o three dimenstonal vesi-
ele], certain objecta evolve according to given rules:
Both the objects and the rules are associated with
the regions. The ohjects can also pass through mem-
branes, soenetimes the mambranes can dissolve or di-
vide, In this way, transitions between configurations
of the sysbem are obtained; & sequence of transitions
is a computation, and the result of a (halting) com-
putation consists of all objects which leave the system
during the computation.

Two main classes of P systems can be considered:
with objects described by symbols (then we work
with mulilets of symbaols placed in regions), or with
objects described by strings of symbels (then we can
work with sets or with multisets of strings placed in re-
gions). There are many types of systems dealing with
sLring-objects; e, g, (Botbonl ee al., 2000; Calude
and Paun, 2000; Paun, 2000; Freund et al, 2000,
Krishoa and Rams, 2000; Martin-Vide and Piun
(RIMS), 2000; Martin -Vide and Piun (EATCS),
2000; Zandron et al., 2000), An up-to-date bibliog-
raphy of the area can be found at the web address
bttp://bioinformatics . bio.disco, unimik, iz/
peystems, We consider here the variant introduced
in Martin-Vide and Mitrana (2000), where the
siringe are processed by point motations (including
meertion rules of the form A < a) applied only in
the end of the string, amd communicated from a
region to another one sccording to their veluation:
a morphism from the alphabet of the strings into
tha set of integer numbers. We say that a string
has & positive, negative, or neatral “charge” if its
valuation s positive, negative, or zero, respectively;
the membranes also hawe “charges” given in the
initial configuration; a string which is poskiively or
negatively charged will go to a membrane of the
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opposiie charge, nondeterministically chosen in the
case of multiple targets, while a neoatral object will go
to & membrane having a neutral charge.

Such systems wese pooven i the aforementioned pa-
per to be able to solve SAT and HPP in linear time,
providing that we start from a given initial configu-
ratlon with an exponentially large number of mem-
branes. The language generating power of svatems
from (Martin-Vide and Mitrana, 2000) s not koown.
In some sense, the problem is of & limited interest for
the variant considered there, because of the many re-
strictions imposed on the functioning of the systems:
the allowed rules ame point mutation rules, and the
deletion and insertion rules are always used in the right
hand end of the strings.

We slightly modify here the definition from (Martin
Vide and Mitrana, 2000}, in two wirs.

First, we allow arbitrary context-free rubes o be
used, but only for rewriting the first or the Lt symbaol
of i string. This simple and natural change is already
sufficlent in order to obtain computational complete-
ness; A charscterization of recursively enumerable lan-
guages is obtained by means of systems with only two
membranes. Also, the polarzation of membranes is
very restricted, it can be only positive or negative;
however, an object can have neutral charge only in
the skin membrane, and then it bas to leave the sys-
tern, in any other membrane it is destroyed. Tt is also
worth mentioning that we obtain the completeness in
the non-exfended case, that 5, without using a termi-
nal alphabet for sgqueszing the generated language.

Secomnd, we allow string replication: if & string is po-
larized and there are several neighboring membranes
of the opposite polarity, then a copy of the string is
sent to each of these membranes, As expected, this
is an efficient way to get exponential working spaco,
and NP-complete problems can be solved in polyno-
mial time in this framework. Actually, & linear time
gufflees for SAT (satisfability of propositional formula
in the conjunctive normal form) and HPP [whethar or
nok a directed graph containg & Hamiltonian path),

2 P Systems with Valuation

We inteoduce here only the class of P systems that we
will investigate in this paper. As nsusl, & membrane
struciure is represented by a string of lubeled parcen-
theaes, and with each membrane we associate o reglon,
which is referred to by the label of the membrane, and
an electrieal charge 4+ or —. For an alphabet 17 we de-
note by V* the free moncid generated by V' ounder the
operation of concatenation; A is the empty string,

A rewriting P ospstemn (of degree m > 1} with eolu-
afirn i5 o constroct

M={V,pg, My .. My, ..
where:

T ﬂﬂh 'EIE']'!

1. V is the alphabet of the system;

2. p iz a membrane stroctune with m membranes,
having associaved electrical charges + and - (al-
ways in this paper the membranes are injectively
labeled by 1,2,... . m);

3. My,..., My are Anlte languages over V', repre
senting the strings Initlally present in the regions
1,2, ..., m of the aystem;

4 ..., Ry are finlte sets of context-free rules
over V' oassoclated with the regions of .

5. y i3 & morphism from the moncid [V, A) to
the additive monoid (Z, +,0) (called the valustion
mapping of T1),

In a system as above, transitions are defined as ysual
in rewriting P systems (in each reglon, ench string
which can be rewritten by a rule from that region
i reweltien), with the following two differences: (1)
the rules are always applied only in the ends of the
girings, rewriting either the first or the last symbol
of each siring; (2) the communication of strings from
a region to another one is controlled by the charges
of membranes and of strings, in the following way, If
@izl = 0, then we say that the string is positively
charged, if ¢{x) < 0, then the string i= negatively
charged, if {x} = 0, then the string has no charge.
If a non-chargid string is produced in the skin mem-
brine, then it leaves the syatem, 1o any other mem-
branes such a string “vanishes”. If in & given region,
associated with a membrane of a given charge &, we
produce o string of the opposite charge, then it re-
meaing In the same region (and it can be rewritien
again}. If we produce a string of the same charge o,
then the string must go to any of the adjacent mem-
branes of the opposite polarity, nondeterministically
chosen, I there is no such an adjscent membrane,
Blaen the string “vanlahes" .

Ag usual, a sequence of transitions forms a compu-
tation and the result of a halting computatlon b5 the
aet of atrings over 17 sent out of the syetem during the
computation. A computation which never halts yields
no result. A string which remains inside the system
doves not contribute to the generated language. The
language generated in this way by a system I1 is de-
noted by LIT).

The family of all languages L{IT), computed os
above by rewriting P saystems IT of degree at most m >
1 with valuation s denoted by V.REPq(left/ripht).
When, in all regions rewriting is allowed in the left
hand or in the right hand end of the strings only, we
write VAP (left}) or VREFL{right), respectively. We
denote by REG and RE the families of regular and
recuraively spumerahle languages. regpactively.

I
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3 Computational Completeness

We start with & result stating the computational
power of P systems with valuation working only in
the right or ooly in the left hand end of strings. Te
this aim, we recall the definition of grammars with
valences in an arbitrary group, as & genecelization of
that in Péun (1980},

A context-freefregular grammar with valences in
the groip K = [(M,+,8) B a Gluple & =
(N, T.5 PK,v], where (N, T, 5 P) iz a context-
free fregular grammar and v is a mapping from P into
M.IFP={r,...,ra}, for some n, then the language
generated by 7, denoted by LG, consiats of all words
x guch that there is a derivation

5=&11 Ty =?'|=Ig|.|=’"ir=r_|=.'l

with 300, v(ry, ) = e. As one can easily see, there is
a strong similarity betwesn the penerating way n a
grammar with valences In the additive group of inte-
gers and the computational way in a P systam with
valuation, We denote by REG{K) the family of lun-
guapged penerated by regular grammars with valences
in the group K.

Proposition 1. 1.
{{e fE, right}.

2. VRF(a) - REG(K) # 8, a € {left, right}, for
any k> 2 and any commutotive group K,

Proof, 1. Let & = (N, T,5, F) be & right-lincar
grammar. Consider the P system with oaly one mem-
brame, positlvely charged, containing the string & nnd
gll the rules in P, The waluation mapping o wsso-
ciates the valwe O with each terminal, and the wadoe
=1 with each nonterminal, Clearly, the language com-
putisl by this P system is the language generated by
the grammar 7, hence we have the inclusion REG C
VRE (right). If we start from a left-linear grammac
¥, then we get the inclusion BREG © VREP (e fi).

In order to prove the properness of these inclu-
atong, we define the P osystems with one membrane
positively charged, containing the string A and the
rales A = ad, A = B, B = 0B, B = A In the
cage of VAP (right], and 4 =+ da d — Ha B —
Bb B — A, In the case of VRP,(left). We defins
the valuation mapping o by wia) = =2, @b = 2,
wld) = @B = =1. It is easy to note that both sys
tems compute the language {a®h" | n > 1}, which is
not regular,

2. Consbder the P syatem

= ({a,b A, B}, [1[1 ]::_;I-:h {‘*]'1'arﬂh Ra.v9),

REG ¢ VRFj(x),0 €

wherp

By ={A—=+ad, A= aB, BB, B —bj,
M ={8—= A},

and

wla) = =2, plb} =1,
wld) = —1, p(B) = 1.

The computational process starts in the skin mem-
brane, where a string of the form a™b™ B iz produced.
This string can go to membrane 2 if and only if n = m,
In membrane 3, the rightmost symbol B is replaced
by A and the stnng migeates to the skin membrans
where a new suffix of the same form s generated. By
a repested migration betwesn the two membranes, a
string in the language {a™0® | n = 13 s fnolly sent
evigk of thie ayatem. Moreover, all tve seelogs bn this lun-
guage can be computed. From (Mitrans and Stiebe,
FH1) it im known that no regular grammar with e
lenoes in any cotrmmutative group can generide this
language.

By reversing the rules, we can ges a system [1' such
that L") = {a™h" | n = 1}, which also proves thas
VRPy(left) — REG(K) # ) o

It is an open proMem whether or not the families
VRFPy(le ft), VREPy(right) are equal, k = 1.

We contlooe by giving the maln result of this pa-
per, which shows that the systems above defined, able
to work in both ends of strings, are computationally
complute,

Theorem 1. BE = VEPs{leftright),

Proaf We anly have to prove the lncluslon RE C
VIR (e ft/right) since the converse inclugion follows
from the Church-Turing thesis, Lot uws consider a
type-0 Chomsky grammar & = (N, T, 5, P} in Kuroda
normnal form I:'“.[‘l:q.l:'.l:l.'|:||.-.1'EI and Enlumaa., 19‘9?], that lﬂ,
with rules of two forms: 4 — z [context-free rules),
AeN re (NUTY and AR = CD for A, B,C, D€
N, Assume that N U T = {a,00,..., 01}, and
take one more symbal, gy = 8 Also, assume that the
nom=context-free rules from P oare [njectively laballed,
ro AR =4 0D, with r € H.

We construct the P system (of degree 2)

= (V,[,[5 12170, [ X85}, Re, Ba, i),
with the alphahet
v NUTu{X, X" Z$1u{Xx"|reH}
10X 20 (X530 (X0 00 T30 T,
xP A 1<icicnreH)
{{ai,3), (o dhio) |1 €5 €ign},

=

=

the valuation mapping

II':":"TT} =1, 1 = i =n,
o(X) = @l X') = p(Z) = -1,
w(XIy =<1, re H,



A Wide W Mitrane, O Paun: On the Powser of P Sysfers With Valkations

wl{ X i1 = wl(X{ ) = wl(Xed)) =
plilXLi==-2-11<ji<i<n,

el X, 1) = wled™, 1Y) = <35 - 1,
l<j<i<n,reH,

whlag, 1)) = wlla, 1)) =24, 1 £ J i <n,
wlog) =2(i+1),1 i < n,

and with the following sets of rules:

Ri: X-=(X,l) fralll<i<n,
X' 5 (xL 1), forall 1 <i<n,
Xl xi 1), ferall1<i<nre H,
(Xind) —+ (Xi 3 +1), and
(X0 = (X[i+1),
forall 1 <j<i<n,

(X030 = (X0, 5+ ),
forall 1l <y <4< nreH,

{oin i} =+ (o, ), forall 1€ <i < m,
oy =+ A, forall 1 <i<n,

{Xi.0) = Xay, forall 1<i<n,
{(Xn:n) = X8,

X=X #r:ABCD
and B =y,

(X[ i) = XCD, ifr: AB 4 CD
and A = oy,

[(X9i) = X'ay, foralll<i<n
such that op € T,

[(Kpf) + &, forog e N, 1<di<n,

(X n] = A

Ry - A = x, if such a rule exists in P,
o —+ (g, 1), for all 1 <4 <n,
oy, 7) = (o, 3 + 1),
forall1 <3 <i<n,

Sl LMY

(X2 (XL§), forall 1 <j<i<n,
{I":r]'-ﬂ _"{x;r'l:j}:
forall 1 £j<i<n,reH,

[onj, £} =+ o}, forall 1<i<n.

Let us examing the work of this system. Assume
that in membrane 2 we e o shring xtu; 'i:||||'|:.i.a|].|:.r.| e
hewve heee X85 [with (X85} = —1]. In any moment,
only one string is present in the system

I we use a rule of the form A — z ({this is possi-
ble only in the rightmost position of the string], then
the polarity of the string remains the same, hence the
string remauing in this membrame I we ose a robe of
the form oy — (o, 1) (again, in the rightmost posi-
tion], then the polarity of the siring becomes -+, henoe
the string goes to the skin membrane, Here we have
o apply two rubes: (o, 1) =+ (o, 1) and X — (X, 1),
for somme 7, in this order. The application of the for-
mer rule does not change the polarity of the string,
hence it has to be followed by the application of the
latter rule. IF we frst ﬂ.p[:l}- the riile X — {x,, 1]-,
then the string goes to membrans 2 (it has & nega-
tive charge] and remains there forever after applying
the role (X, 1) — (X;,1). In this case oo cutput ks
prodeced.

In the second membrane we have to use the rules
(X;.1) = (X;, 1} and (e, 1) = {3, 2) in this order,
In & similar way s above, if wo finst apply the rule
(emg, 11— [ery, 2], then the string goes to the gkln mem-
brane where the only possibility to continae is to apply
the rule (o, 2) =+ (a4, 2}, Now, no rule can be applied
anymore; sinee the string polarity is still positive, the
string is blocked in this membrame.

In this way, the string will go back and forth be-
tween membranes 1 and 2, at each passing towards
the skin membrane increasing the second component
of the symbol of the form (o, k) and at each passing
towardls Ulhe seeond membrans inereasing the saeond
component of the symbol of the form (X, k).

Wi now distinguish three cages:

Case 12 4 < 5. At some point we reach the sit-
ination where in the second membrane we have the
string (X, ilwlog, £, We cannot first apply the rule
{og, 1) =+ of becansse the string would go to the skin
membrane, where ita rightmost symbaol of would be
deleted (this 1y the only possibillty). The string now
his a negative polarity and goes to the second mem-
brane where a rule of the form oy = (o, 1) s applied.
Skinse Lhe string polarity 15 st negative and ne fule
can be further applied, no output is obsesyved,

It follows that we first heve to apply the rule
(X8 = (X1} and, because the string is =till neg-
atively charged, then the rube (oG, i) = og. Now, the
string becomes positively charged and goes to the skin
membrane, Here we have two possdbilittes. IF we start
by deleting the rightmost symbol of, then the string
returms to the second membrane where a new rule of
Pl form o — [y, 1) can be applied, but after that, it
rermaing here fofever.

I we seart by using the eule (X, @) = (X0 4+ 1],
them the string goes to the second membrane where it
is blocked after replacing (X;, 0 4+ 1) by (X1 4 1).

In conclusion, if v < §, then no output &8 produced.

Cose ¥ @ > j. At some moment, in the sec-
om] membrane we shall have a string of the form

133
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(X (e, j). As we have already seen, in two
rewriting steps we obtain the string (X, f)w(og, j+1)
which goes to the skin membrane where, no matter
the order, the symbal (X, 7) is replaced by one of the
rules with this symbol in its left hand side, Since the
new string cannot get a negative polarity, even after
nsing & rule of the form X =+ (X}, 1), it remain In this
membrane forever, Therefore, no output is produced
when i > j.

Case §: i = j. After recelving the string

(X, i)wlm, i) in the second membrane, we use here
the rules (X, i) = (X, ¥ and [ﬂ;.ﬂ-' —+ ﬂ:‘:.. in this
order. Indeed, if we first use the rule (o) — of,
then the siring goes to the skin membrame, wheoe of
is deleted, the string retums to the second membrane
where it remains forever no matter which rules are
wsed,
The new string, (X, {)wel, 5 sgent to the skin mem-
brane where first (X}, ) is replaced by Xa; and then
arl is deleted. If this order is inverted, the string will
be blocked again in the second membrane.

Another wrong possibility in to ficst replace (A, 1)
by Xay, then X by (X[, 1), for some [, and then to
delete of. Abso in this case the string will go to the
secand membrane where it will remain forever, no po-
larity change being possible.

In this way, the symbal o; was cut from the right
hand end of the string and Introduced in the left hand
end of the string. That iz, the string is circularly per-
minted with a aymbol.

The previous procedure can be repested, henos the
gtring can be circularly permuted with any number of
symbols. Becanse the symbol § i treated as any other
symbol, we always know when the string is complaetely
permuted,

In this way, we can simulate the context-free rubes
of P in any position of the sentential forms of G

If we want to simulate a mule ¢ : AR — &0 from
P we procesd in the following masner. As above, we
it the symbaol oy = B from the right hand end of the
string. When the procedure is eompleted, instead of
using the rule (X, i) — Xory, we wse the rule (X i) —
X'}, The process continues in the pressnce of X7
83 in the presence of X, but after cutting one more
symbol, say o, from the right hand enwd of the string,
we will introduce the symbaols G0 in the lefii hand
end of the string, by using the rule (X}, 5) = XCD,
providing that oy = A.

Since the process above can be reaumed now Lo the
aim of gimulating another rule of G, all derivations in
= can be gimulated in 11, working in the ends of the
atTinga.

In order to terminate the computation and send out
a string, we will use the symbol X', Tt 8 introdipced
by the symbol [ Xq, n}, hence after completely rotating
the string. The sume robation procedure is cepeated
in the pressnce of X' and ita palred varlants (X} §)

124

and l[.!l'.'—i".j}, but this time only terminal symbols can
be moved from an end of the steing to the other end;
If a nonterminal symbol & met, then the computation
is blocked, and we get no output. When we complete
a circular permutation, hence we have cut § from the
right end af the string, we remove the symbaol {I,‘;,n:'n_
which leads to & string of meutral polarity in the gkin
membrane. Tt leaves the system. From the way the
last, permutation was done, we know that this string
ts composed only of terminal symbols

In conclusion, L(II} contains exactly the terminal
gtrings which can be generated by @, that is, L(IT} =
L{G). O

Wa close thiz section with a few apen problems:

1. Is the previous resull optimal, or the number of
used membranes can be decrensed

2, Characterize the family VEEP (left/right). Are
there non-context-free languages which do not lie in
VRP,(left/right)?

3. Are there languages generated by regular gram-
mars with valences in the additive group of integers
which do not belong to VRP,{right} for any &7

4 Solving NP-Complete Prob-
lems

In this section we shall provide a P decision algorithm
for solving the HPP In linear time. By a P decision
algorithim for a problem we mean a procedure to con-
gtract, for a glven instance of the problem, a P system
which produces an output if and only if that instance
has a solutlon. Before starting our construction, we
remember that the P systems used here allow etring
replication: if & string s charged and there are several
neighboring membranes of the opposite polarity, then
a copy of the string is sant to each of these membranes.

Theorem 2. There i3 a P decision algorithm eliich
sofves HPP in linear fime.

Proof, Let G = ({e1,00,...,60}. E) be a directed
graph such thet, for each 1 < i < n, g Ciga .0 By,
are all the descendents of the node o Assume that
E =max{ji, ja,-- -1 Jn} [the maximal outdegree of the
graph nodes). We construct the P system

M = (Ve d {XWa™ |1 <ign)p,....0

(B, <acktan+z: @)

where the membrane structure i5 given by

po= [ilalydsleds -

i+ - i -
£ hEickd Jh-a: “'lh Ak T e d- 2R3 ]I-l-:lni-'.l:

i
.I+n+:li‘.i]| L]

'[l+:J' ];+‘.E|-i+.|!rb+m-!
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and schematically represented in Figure 1, l=d<n41,

’ . el = i) =eld)=21<i<n,
2 + 0<i<m.

k43 The P system starts with all the strings X'®al™,
1< i< mn,in the second membrane, In parallel, each
- symbaol ur":' ie replaced by bﬁn]. Sinee all the strings
Edn+d are positively charged, one copy of each is sent to all
membranes 3,4,...,k +n + 2. The strings which ar-
4 - | rive in membranes k 4+ 3,k +4,....k +n+ 2 remain
there forever sinoe no rewriting is possible, henoe thelr
podarity remain unchanged,

Let us examine what happens with the copies of
one string, say X®8" which arrive in membranes
3.4, ...,k + 2, nospectively.  They wlll produce the
negatively charged strings X ®e;all!, 1 ¢ < 8 (gy),
which return to membrane 2. Here 5% (c) delivera the
~ cutdegree of the node ¢. This process continoes for ex-
E+n+2 actly 2n 4+ 1 steps, when in the second membrane we
have all the strings X ®wai™™"" for some 1 <8 < n,
but with w a string of length n over {a,05,....¢a}
E+2 E+3n+2 Mote that a symbol may appesr repeated several times
tn w. We now apply the rules al™tl o ¢, in paral-
lel, to all of these strings. The obtained strings are
replicated and sent to all the negatively charged mem-
branes, but only in the outermost membrane theoe
eacists a rile ¢ — A which makes poasible to continue
the computation by changing the strings polarity to
a negatlve one, Therefore, all these strings, which do

Figure 1: The membrane strcione

b satmciof paben s delbiund Ty not el by ¢ anyvmore, are sent back to the secomd
membrane.

R = {e=aAY¥Y =4}, Mow, the compuotation continues as follows, The

Ry = {[xUa..nd 4 yy rightmost symbal of each of these strings is replaced

by 1ts primed copy, the string is replicated and sent to

U {al® 4 el Soe e e, all membranes 3, 4,..., k+n-+2, bat these coples will

B+All<i<nlD<t<n}, be blocked in membranes 3,4, ..., k+2. In each of the

other membranes, at most one string will be further

Higa = {btﬂ — me:-H:I |[1=i<n, rewritten, by replacing its last primed syvmbol with a

0<t<n, (o) €E) barred copy., Let ws consider such a membrane, aay

L k k -+ 7+ 2, where the string is duplicated and one copy

i B sent o the second membrane, while the other copy

Rasjra = {cj— By XM XM goes to the Inner membrane, that is k+n+ 742 In the

1<j<nMC{L2%....n} second mﬂmbmn&,t._herlghl.mmt symbal 15 removed

i o and the process continues. In membeane k+n+37+ 2,

Bipnrgez = (XM o BN | 5 g A}, the string is blocked if and only if the superscript of

; the leftmest symbol, M, does satisfy 7 € M, otherwise

lg5snm, A c [111. " .11-]': thig symbeol is replaced 1‘-‘}' R'I:.Hl..lfj]:l and thﬂ-ﬂtl’iﬂ; o

and the valuation mapping is defined by turns to membrane k <+ § 4+ 2. Heree the ficst symbol

ks further replaced by XMYUR and one of its copy

wX) = p(XM)= -], is sent back to membrane k = n + § + 2, where it s

for any set M C {1,2,...,n}, blocked, and the other copy is sent to the second mem-

) brane where the rightmost symbol &5 is removed. By

wlY) = p(XMh=1, the following explanations, one can state that if this

for any set M C {1,2,...,n}, string represented initlally a sodution, then one of its

ooples would arrive in the seeomnd membrane and pro-

wleg) = plE) = -:p[:;l.i”} =0 1<1<mn, duce an output. Moreover, if this string represented
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initinlly no solution, no copy of it received by the sec-
ond membrane would produce any outpit.

In this way, =ach stcliag .‘-'i'[J""":"c.'.u:f existing in the
second membrane produwces, in four steps, either two
stringe X MYy and XM, if § € M, or one string
XM if 7 & M, Afer dn such steps in the second
membrane we have the string X1 %-"H if and only
If the given instance of the HPP has a solution, Now,
this string iz replaced by Y, one copy of it goes to
the skin membrane where it becomes A and exits the
system. Therefore, the given instance of the HPP has
a aciution If and oaly If the system produces a string,
more precisely the empty string.

Consequently, we have a P decision algorithm which
gcives the HPP in linear time. [t is worth mention-
ing that the number of membranes and the number
of initial strings in regions are Losarly bouaded with
respect bo bhe e of the input graph. However, the
cardinality of the alphabet ¥ does not have this prop-
orty. O

It iz easy to see that we can solve in a similar way
the HFP problem with given initial and final nodes:
EWD BO08E B, Cee 10 the graph are given and one
asks whether or not o path, starting in ey, enwding
in £aee, and passing exactly once through all nodes of
the graph, exists,

Mow, we can procesd as in Lipton (1995), reducing
SAT to a problem related to HPP with given initial
and final nodes (find all paths from a given node o
another one, not visiting twice any aede), hence a lin-
ear time solution to SAT ean be obtained by means of
a P dedsion algosithm.

5 Final Remarks

We have slightly modified the P systems with valua-
tion imtroduced in (Martin-Vide and Mitrana, 2000)
by allowing arbitriry context-fres rules to be used (in
the ends of stringa). Such P systems are proven to
be computationally complats (systems with only two
membranes suffice in order to get a characterization
of recursively enomerable langusges), and also able
b salve NP-complete problems in linear time [to this
alm, an exponential space i created by replicating the
strings: if & string has a negative of positive charge -
given by the valuation — and there are saveral adja-
cent membranes of the opposite polasity, then coples
of the string are sent to each of these membranes).
The last result l= proven for HPP, and indicated how
to be extended to SAT. Some open problems are also
formulatad,
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