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The calculus of looping sequences is a formalism for desgithe evolution of biological systems
by means of term rewriting rules. We enrich this calculushvattype discipline to guarantee the
soundness of reduction rules with respect to some biolbgiogerties deriving from the requirement
of certain elements, and the repellency of others. As an plgwe model a toy system where the
repellency of a certain element is captured by our type rysted forbids another element to exit a
compartment.

1 Introduction

While the approach of biologists to describe biologicaltsys by mathematical means, allows them to
reason on the behaviour of the described systems and toipegfeantitative simulations, such modelling

starts becoming more difficult both in specification and ialgsis when the complexity of the described

systems increases. This has become one of the main matisdtiothe application of Computer Science

formalisms to the description of biological systerqisl [15]th€ motivations can be found in the fact

that the use of formal means of Computer Science permitspgplcation of analysis methods that are

practically unknown to biologists, such as static analgsid model checking.

Many formalisms have either been applied to or have beerir@tsfrom biological systems. The
most notable are automata-based modél§ L, 11], rewriterags[9,18], and process calcdli [15] 16,
[14,[8]. Models based on automata have the great advantadiewing the direct use of many verifi-
cation tools such as model checkers. On the other side, sibdskd on rewrite systems usually allow
describing biological systems with a notation that can t&lyeanderstood by biologists. However,
automata-like models and rewrite systems present, in gemeoblems from the point of view of com-
positionality. Compositionality allows studying the belmar of a system componentwise, and is in
general ensured by process calculi, included those conynusield to describe biological systems.

In [5,[6,[12], Milazzo et al. developed a new formalism, aal@alculus of Looping Sequences (CLS
for short), for describing biological systems and theirletion. CLS is based on term rewriting with
some features, such as a commutative parallel compositierator, and some semantic means, such as
bisimulations [[6[ 7], which are common in process calculhisTpermits to combine the simplicity of
notation of rewrite systems with the advantage of a form ofjgositionality.

In chemistry, hydrophobicity is the physical property of aletule (known as a hydrophobe) that is
repelled from a mass of water. Hydrophobic molecules teftoon—polar and thus prefer other neutral
molecules and non—polar solvents. Hydrophobic moleculegaiter often cluster together forming mi-
celles. From the other perspective, water on hydrophobifases will exhibit a high contact angle (thus
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causing, for example, the familiar dew drops on a hydrophtdsaf surface). Examples of hydropho-
bic molecules include the alkanes, oils, fats, and greakgtances in general. Hydrophobic materials
are used for oil removal from water, the management of ollssEnd chemical separation processes to
remove non-polar from polar compounds. Hydrophobicityus pn example of repellency in Biochem-
istry. Other well known examples may be found on the behanabanions and cations, or at a different
level of abstraction, in the behaviour of the rh antigen far different blood types.

As a counterpart, there may be elements, in nature, whichyslwequire the presence of other
elements (it is difficult to find a lonely atom of oxygen, thdyays appear in the pair

In this paper we bring these aspects at their maximum limid, &y abstracting away all the phe-
nomena which give rise/arise to/from repellency (and itsnterpart), we assume that for each kind of
element of our reality we are able to fix a set of elements whighrequired by the element for its
existence and a set of elements whose presence is forbigdae blement.

Thus, we enrich CLS with a type discipline which allows to igudee the soundness of reduction
rules with respect to some relevant properties of bioldgigatems deriving from the required and ex-
cluded kinds of elements. The key technical tool we use isso@ate to each reduction rule the minimal
set of conditions an instantiation must satisfy in orderssuae that applying this rule to a “correct” sys-
tem we get a “correct” system as well.

To the best of our knowledgEl[3, 2] are the only papers whiatlystype disciplines for CLS. We gen-
eralise the proposal ih][2] by focusing on the type disciggifior Present/Required/Excluded elements.

2 The Calculus of Looping Sequences

In this section we recall the Calculus of Looping Sequen€isS|). CLS is essentially based on term
rewriting, hence a CLS model consists of a term and a set ofiteewules. The term is intended to
represent the structure of the modelled system, and theteemiies to represent the events that may
cause the system to evolve.

We start with defining the syntax of terms. We assume a pgssibihite alphabets” of symbols
ranged over by, b,c,....

Definition 2.1 (Terms) TermsT andsequenceS of CLS are given by the following grammar:

T === S 9T | TIT
S = ¢ a | S-S

where a is a generic element §f and ¢ represents the empty sequence. We denote ithe infinite
set of terms, and witl¥” the infinite set of sequences.

In CLS we have a sequencing operater, a looping operato(_)L, a parallel composition operator
_|-and a containment operatof _. Sequencing can be used to concatenate elements of théetpgha
The empty sequencedenotes the concatenation of zero symbols. A term can bereitiequence or a
looping sequence (that is the application of the loopingajoe to a sequence) containing another term,
or the parallel composition of two terms. By definition, lamgp and containment are always applied
together, hence we can consider them as a single binarytop(er)ﬂ _which applies to one sequence
and one term.

The biological interpretation of the operators is the follog: the main entities which occur in
cells are DNA and RNA strands, proteins, membranes, and otaero—molecules. DNA strands (and
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Figure 1. (i) represents(a-b'c)L; (i) represents (a-b-c)LJ(d~e)L; (iii) represents
(a-b-¢)"J((d-e)" |f-g).

similarly RNA strands) are sequences of nucleic acids,limy tan be seen also at a higher level of ab-
straction as sequences of genes. Proteins are sequencmofaaiads which usually have a very complex
three—dimensional structure. In a protein there are us(@latively) few subsequences, called domains,
which actually are able to interact with other entities byam® of chemical reactions. CLS sequences
can model DNA/RNA strands and proteins by describing eacte ge each domain with a symbol of
the alphabet. Membranes are closed surfaces, often iateexpwith proteins, which may contain some-
thing. A closed surface can be modelled by a looping sequértoe elements (or the subsequences) of
the looping sequence may represent the proteins on the rmamband by the containment operator it
is possible to specify the content of the membrane. Othererawlecules can be modelled as single
alphabet symbols, or as short sequences. Finally, juxitagosf entities can be described by the parallel
composition of their representations.

Brackets can be used to indicate the order of applicatioh@bperators, and we assuifg" | _ to
have precedence ovef_. In Figure[l we show some examples of CLS terms and their Mispeesen-
tation, using(S)" as a short-cut fofS)" | .

In CLS we may have syntactically different terms represgnthe same structure. We introduce a
structural congruence relation to identify such terms.

Definition 2.2 (Structural Congruence) The structural congruence relatiorss and =t are the least
congruence relations on sequences and on terms, resggctaésfying the following rules:

S (£%)=s(SD) S S-£=5€£-S=sS
S =sS implies $=rS and (S) | T=71 ()T
T1|TZETT2|T1 T1|(T2|T3) =T (T1|T2)|T3 T|EETT
(& le=re (S T=r(%9)"T

Rules of the structural congruence state the associat¥ityand |, the commutativity of the latter
and the neutral role af. Moreover, axion(S; - $)" | T =7 (S-S1)" | T says that looping sequences can
rotate. In the following, for simplicity, we will uses in place of=y.

Rewrite rules will be defined essentially as pairs of term#) whe first term describing the portion
of the system in which the event modelled by the rule may ga@mul the second term describing how
that portion of the system changes when the event occurdeltetms of a rewrite rule we allow the
use of variables. As a consequence, a rule will be applicabkdl terms which can be obtained by
properly instantiating its variables. Variables can behvé¢ kinds: two of these are associated with
the two different syntactic categories of terms and seqegerand one is associated with single alphabet
elements. We assume a set of term variabsfes ranged over byK,Y,Z. ..., a set of sequence variables
¥ ranged over by, Z, ..., and a set of element variablés ranged over by, y,z .... All these sets
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are possibly infinite and pairwise disjoint. We denote/bthe set of all variablest’ = 77 U7 U2,
and withp a generic variable of’. Hence, a pattern is a term that may include variables.

Definition 2.3 (Patterns) Pattern® andsequence patterr&P of CLS are given by the following gram-
mar:

P ==SP | (SP"JP | PIP | X

SP ui=¢ | a | SPSP | X | x
where ais a generic element&f and X X and x are generic elements.gf7,. 7 and 2", respectively.
We denote withi? the infinite set of patterns.

We assume the structural congruence relation to be tgvéadlended to patterns. Anstantiationis
a partial functiono : ¥ — 7. Aninstantiation must preserve the kind of variables, fouX € ¥ ,X
LY andx e 2" we haveo (X) € 7,0(X) € ¥ ando(x) € &, respectively. Givel? € &7, with Po we
denote the term obtained by replacing each occurrence bfvea@mblep € ¥ appearing irP with the
corresponding terno(p). With X we denote the set of all the possible instantiations anéndie 22,
with Var(P) we denote the set of variables appearing.imNow we define rewrite rules.

Definition 2.4 (Rewrite Rules) A rewrite rule is a pair of patternéP;, P,), denoted with P— P, where
PP, € &, PL # € and such that V&) C Var(Py).

A rewrite rule P, — P, states that a terr®,g, obtained by instantiating variables i by some
instantiation functiono, can be transformed into the tedfo. We define the semantics of CLS as a
transition system, in which states correspond to termstrangditions correspond to rule applications.

We define the semantics of CLS by resorting to the notion ofecds.

Definition 2.5 (Contexts) ContextsC are defined as:
c:=0 | C|T | TIC | (9']C

where Te .7 and Se .. The contextJ is called theempty context We denote witl¢” the infinite set
of contexts.

By definition, every context contains a single holeLet us assum€,C’ € ¢. With C[T] we denote
the term obtained by replacirig with T in C; with C[C'] we denote context composition, whose result
is the context obtained by replacifgwith C' in C. The structural equivalence is extended to contexts in
the natural way (i.e. by consideriig as a new and unigue symbol of the alpha&iit

Rewrite rules can be applied to terms only if they occur ingaleontext. Note that the general
form of rewrite rules does not permit to have sequences asxisn A rewrite rule introducing a parallel
composition on the right hand side @s- b|c) applied to an element of a sequence (erga;m) would
result into a syntactically incorrect term (in this case(b|c) - m). To modify a sequence, a pattern
representing the whole sequence must appear in the ruleex@anple, rulea-X — a|X can be applied
to any sequence starting with elemantand, hence, the terab can be rewritten aa|b, and the term
a-b-c can be rewritten aa|b-c.

The semantics of CLS is defined as follows.

Definition 2.6 (Semantics) Given a finite set of rewrite rule%, the semanticof CLS is the least rela-
tion closed with respect te and satisfying the following rule:

P—Pec#x Po#£e o€ Ce%
C[P]_O'] — C[PzO']
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As usual we denote with-* the reflexive and transitive closure 6f.

Given a set of rewrite rule, the behaviour of a terr is the tree of terms to which may reduce.
Thus, amodelin CLS is given by a term describing the initial state of theteyn and by a set of rewrite
rules describing all the events that may occur.

3 A Type Discipline for Required and Excluded Elements

We classify elements i& with basic types Intuitively, given a molecule represented by an element in
&, we associate to it a typewhich specifies the kind of the molecule. We assume a fixeadypifor
the elements i#’.

For each basic type we assume to have a pair of sets of tyges E;), wheret ¢ Ry UE; and
R; NE¢ = 0, saying that the presence of elements of typequires the presence of elements whose type
is in Ry and forbids the presence of elements whose type & inWe consider onlylocal properties:
elements influence each other if they are either in the sam@adment or they contain each other.

The type system infers the set of types of the elements oltezhecking that the constraints imposed
by the required and excluded types are satisfied. Types @se(paR): whereP is the set of types of
presentelements (at the top level of a patterR)s the set of types akquiredelements (that should still
be added to the term to represertaarect system). The set afixcludedelements is implicitly given by
Ep = Usgep Et-

Types are well formed, and pair of types are compatible giirtbonstraints on required and excluded
elements are not contradictory; compatible types can béirwad.

Definition 3.1 (Auxiliary definitions) e Atype(P,R) iswell formedif PNEp =PNR=RNEp = 0.
e Well formed type$P,R) and(P’,R’) are compatiblgwritten (P,R) > (P,R)) if
— ENP =ENR' =0, and
— EpNP=ExNR=0.

e Given two compatible type®,R) and (P/,R’) we define theiconjunction(P,R) LI (P’,R’) by
(P,R)U(P,R") = (PUP',(RUR')\ (PUP')).

Basis are defined by:
Au=0 | Ax:({t}R) | An:(P,R)

wheren denotes a sequence or term variable. A bAsswell formedif all types in the basis are well
formed.

We check the safety of terms, sequences and more genertiflyrizausing the typing rules of Figure
B. Itis easy to verify that if we start from well-formed badisen in a derivation we produce only well-
formed basis and well-formed types. Note that terms andesemps are typable from the empty context.
All the rules are obvious except for the last one which typeping sequences. In this rule we can put
a patternP inside a looping sequenéPonly if all the types required fror® are provided bySP. This
is because iP gets inside a compartment (represented by the looping segué@ cannot interact any
more with the environment.

Given a context we define the possible types of terms that ridlydihole in the context.

Definition 3.2 (Typed Holes) Given a context C, and a well-formed ty{reR), the type(P,R) is OK for
the context C if X (P,R) - C[X] : (P/,0) for someP’.
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a.tefl

Ap:(P,R)Fp: (P,R) A+ €:(0,0) W

AFSP:(P,R) AFSP: (P R) (P,R)x (P R
A+ SPSP: (P,R)U (PR

A-P:(P,R) AFP:(P,R) (P,R)x (P ,R)
A-P|P:(P,R)U(P R

AFSP:(P,R) AFP: (P R) (P,R)xx(P,R)andR CP
AF (SP"|P: (P,R\P)

Figure 2: Typing rules for Present/Required/Excluded Elets

The above notion guarantees that filling a context with a t@arobtain a correct system (whose type
is well formed and whose requirements are completely sadigfilt is to this kind of terms that we are
interested in applying reduction rules.

Note that there may be more than one typeR) such thatP,R) is OK for the contexC.

We can classify reduction rules according to the types wedegive for the right hand sides of the
rules.

Definition 3.3 (A-(P,R)-Reduction Rules) A rule R — P, is aA-(P,R)-reduction rulef A+ P : (P,R).

An instantiationo agreeswith a basisA (notationo € %) if p: (P,R) € Aimpliest o(p) : (P,R).
We can safely apply a rule to a typed term only if the instarufebe pattern on the right hand side
of the rule has a type that 3K for the context. More formally:

Definition 3.4 (Typed Semantics)Given a finite set of rewrite rule%’, thetyped semanticef CLS is
the least relation closed with respect$oand satisfying the following rule:

P — P, € # is aA-(P,R)-reduction rule Po £ ¢
(NSDWN Ce?@ (P,R) isOKfor C

C[Pio] = C[P.0]

As expected, reduction preserves typing, in the sensehbaifitained term is still typable, but the new
type can have a different set of present elements, whileghefsequired elements is always empty.
This choice makes possible typing creation and degradafiefements.

Theorem 3.51f =T : (P,0) and T—> T, thent T’ : (P, 0) for somep’.

We can infer the OK relation between types and contexts anchwhles areA-(P,R)-reduction rules by
using the machinery of principal typing[17]. In this way wanadecide the applicability of the reduction
rules for the typed semantics. This is the content of the im@nmapart of this section.

We convene that for each variabte= 2" there is are-type variablegy ranging over basic types,
and for each variablg € 77 U.7 there are two variableg,, ), (calledp-type variableandr-type
variable) ranging over sets of basic types. Moreover we convenedhrainges over formal unions and
differences of sets of basic types, e-type variables aiyg@-tariables, ant ranges over formal unions
and differences of sets of basic types and r-type variables.
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- £:0;(0,0);0 veel F XX (6 W) ) (e W) {W =
FO00:0 s XX (B W (B WY =R
En{n (o, W)} (@, Wn);0
- SP: ©; (d,¥); = FSP:O; (W)=

= SPSP:OUO; (0,W)L(P, W)U U{(P,¥) x (@, W)}
PO (W)= PO (W) E
FP[POUE; (@ W)LU(P W) ZUZU{(P,W)x (W)}

- SP:Q;(d,W); = "P:@/;((‘D/’LIJ’);E’
- (SPEP:OUO; (O,W\ @);ZUZ U{(®,W) x (&, W), W C d)

Figure 3: Inference Rules for Principal Typing

A basis schem® is a mapping from atomic variables to their e-type varighbée®sl from sequence and
term variables to pairs of their p-type variables and r-tygeéables:

©@ =0 | Ox:id | O,n:(gh,Wy).

The rules for inferring principal typing use judgementstaf shape:

FP:O;(d,¥);=

where® is theprincipal basisin which P is well formed,(®, W) is theprincipal typeof P, and= is the
set of constraints that should be satisfied. Fifilire 3 givesetinference rules.

Soundness and completeness of our inference rules cantbeé atausual. Aype mappingnaps e-
type variables to basic types, p-type variables and r-tgp@ables to sets of basic types. A type mapping
m satisfiesa set of constraints if all constraints inm(Z) are satisfied.

Theorem 3.6 (Soundness of Type Inferencelf + P: ©;(®,W);= andm is a type mapping which
satisfiess, thenm(©) - P: (m(®), m(¥)).

Theorem 3.7 (Completeness of Type Inferencelf A= P: (P,R), then - P: O;(®,¥); = for someO,
(P,¥), = and there is a type mapping that satisfies and such that\ D m(©), P = m(®), R=m(¥).

We put now our inference rules at work in order to decide appiiity of typed reduction rules. We first
characterize by means of principal typing the OK relatiod e classification of reduction rules.

Notably for deciding the OK relation it is not necessary tmsider the whole context, but only
the part of the context which influences the typing of the hdlbe key observation is that the typing
of a term inside two nested looping sequences does not depetite typing of the terms outside the
outermost looping sequence. We aadre of the contexthat part. More formally:

Definition 3.8 Thecore of the context (notationcore(C)) is defined by:
e core(C)=C if C=0|Ty or C=(S)"|(O|T)|Ty;
o core(CiC) =C2  if Co=(S)"]((S)"](O[T)|T).
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Remark thatore is always unambiguously defined, since every context carpliteirs an unique way
into two contexts satisfying the given conditions.

Lemma 3.9 (OK Relation) Let the context C be such thatC[T] : (Po,0) for some TPy. A type(P,R)
is OK for C if and only if the type mapping defined by

1. m(gx) =P,

2. m(YPx) =R,

satisfies the set of constraints
ZU{W=0] if ¢ or Yx occurs inW},

where + core(C)[X]: {X: (g, Ux)}; (P,W¥);=.

It is easy to check that ifore(C) = ()" | ((S1)" | (O] T1)| T2), andr- Ty : (P1,R), F Sy 2 (P4, RY), F Ta:

(P2,R2), F & : (P),R5), then we get the following six constraints to verify:

(@, Px) < (P1,R1)
(P1.R1) o< (@, Yx) U (P1,R1))

o ((xUR1)\ (g UP1)) C Py
(
(

P1.R1\ (@ UP1)) > (P2,R2)

o (P3,R) > ((P,R1\ (¢x UP1)) U (P2,R2))

o (((R\ (¢x UP1))UR2)\ (PLUP2)) C P5.
The set of constraints simplifies when the core context istsho
Lemma 3.10 (Classification of Reduction RulesA rule R — P is a A-(P,R)-reduction rule if and
only if the type mappinen defined by

1. m(¢x) = £ if AX) = ({£},Re),

2. m(@y) =P ifA(n)=(P,R),

3. m(yn) =R"ifA(n) = (P',R'),
satisfies the set of constrairfs) {® =P,¥ =R}, where - P,: ©; (d,¥); =.
The above two lemmas, whose proof from the given definitiensaisy, imply the following theorem
which gives the desired result.
Theorem 3.11 (Applicability of Reduction Rules) Let

FPy:0;(d,W);= and + core(C)[X]: {X: (g, Px)}; (P, W); =,

Then the rule P— P, can be applied to the term[B 0] such that- C[P,g] : (P,0) for someP if and
only if the type mappinen defined by

1. m(¢g) =tifo(x):terl,

2. m(@y) =P if-a(n): (P ,R),

3. m(yy)=RifFo(n): (PR,
satisfies the set of constrairEsJ="U{® = ¢, W = Yx} U{¥ = 0] if ¢« or Yx occurs in¥'}.
Note that - after fixing the reduction rules - the sets of a@sts for typing the r.h.s. of these rules can
be evaluated once for all. Instead, the sets of constraintyfing the core contexts need to be evaluated
at every application of a reduction rule. Luckily these sdtsonstraints includes at most six constraints.

The mappingn is immediate from the derivation of a type féro. Finally, the checking thah satisfies
a set of constraints requires only some substitutions.
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4 Examples

We start showing the properties of our type system by modgdin example of two molecules repelling
each other. As we have seen, one might model repellency ifrauework via the sefi.

Namely, if molecules, of basic typet, is a repellent for molecull, of basic typet’ (and viceversa),
we will have thate, = {t'} andE, = {t}. Note that this does not mean tleandb cannot be present
in the same term, actually they should just be contained indifferent compartments. In fact, the term

T—a|(m" b

with m of basic typet”, whereE,» = 0 andR; = Ry, = Ry» = 0, is typed by the paif{t,t”},0) by the
following derivation, wherd” = {a: t,b:t',m:t"}:

m:t" el b:t'el
a:tefl Fm:({t"},00  Fb:({t'},00) ({t"},0)=({t'},0)
Fa:({t},0) -(m)"Jb: ({£"},0) ({t"},0) < ({t},0)

Fal (m)"]b: ({t.,t"},0)

As we can see the term is well typed, sirmandb are in two different compartments. The element
could also be replaced by any sequence whose (well formpd)i$fP,R) where(P,R) > ({t'},0) and
(P,R) 1 ({t},0), thatisPN {t,t'} = 0 andRN {t,t’} = 0. Moreover, if the term is at top level, than
should be 0.
Consider now the rule
Rt (%" (X|b)— bl (0" ] X

which moves the elemeifit outside the compartment. Such a rule could not be execut&édcewuse it
will result in the terma|b| (m)" | £, which could not be typed sinddt,t’,t"},0) is not well formed.
The rule could not be fired cause, following DefinitRAl®4= (X)- | (X |b), P, =b| (X)- | X, o(X) =m,
0(X) =g andC = a|. Now, whileC[P,0] is well typed, the same does not hold &P,0o].

This does not mean the rulg could never be fired. In fact, if we consider the term

T'=a| (m)"|b| (m)"]e

and we add the rule
Ro:al (%] X — (%" ] (a]X)

we still have that ruldR; could not be fired o’ (same reasons as before), and we can neither execute the
rule R, moving thea in the compartment containing(in this caseC = (m)- | |0, P, = (X" | (a| X)

with g(X) = mando(X) = b, thusP,o could not be typed). We can, however, apply e moving

a into the empty compartment. Namely, f6r= (m)" |b|0J, P = a| (X" ] X, P, = (X)" | (a|X) with

o(X) =mando(X) = €, we haveT’ = C[P 0] with type ({t, t”},0) andT” =C[P,a] = (m)" | a| (m)" | b

with type ({t”},0) - bothC[P,ag] andC[P,a] are well typed. Now, fronT” we can finally apply ruldry,
bringing b outside the compartment. The context of the rule applinatidl be C = (m)LJ a|d and the
patternsP, = ()" | (X |b), P, = b| ()" | X wherea(X) = mando(X) = €. BothC[P,0] andC[P,0] are

well typed and the resulting term will be

T" =b| (m)" |a| (m)"]e.
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We now show an application for the set of required elementauimtyping system. The idea is to
model the absorption of a given compounbly a cell. The absorption is promoted by a receptahich
should be present in the surface of the cell. We can modefibet ef the absorption by using a different
symbol (thus a different type) for the compound when it entle cell, namely’. The basic types of
¢, r andc are, respectivelyt, t' andt”. We also assume th@t = E;; = E.» = Ry = Ry = 0. The
requirement for” (modelling the type of the compound inside a cell) shouldsead, the presence of
the receptor on the membrane surface. We can model thistmondiith the seR.» = {t’}. Thus, with
these basic types, we can model the rule for the absorptitregirotein as:

Ric| (X" X — ("] (X|¢)

without imposing explicitly the presence of the receptarsie patterns of the rule.

Actually, our type system guarantees that such a rule cootid@ applied to the terr| (m)LJ £,
while it could be applied to the tera| (m-r)" | .

In a sense, the role of the promoter (the receptor) is matl@ieinsically on the type of the com-
pound brought inside the cell; its properties become traresp for the rewrite rules and controlled by
the type system.

5 Conclusions

This paper is a first step toward the application of typingh® safety of system transformations which
model biological phenomena. We focused on disciplinestgriby the requirement/exclusion of certain
elements, and used the type system to describe how repelteutd be modelled. We would like
to underline that in nature it is not easy to find elements twiiompletely exclude or require other
elements. Our abstraction, however allows us to deal witimale qualitative model, and to observe
some basic properties of biological systems. A more detatelysis, could also deal with quantities.
In this case, typing is useful in modelling quantitative extp of CLS semantics on the line of [4]. In
particular, in [10], we show how types can be used to modedlleqpcy also by quantitative means, that
is slowing down undesired interactions.

As a future work, we plan to investigate type disciplinesuasg different properties for CLS and
to apply this approach to other calculi for describing etiolu of biological systems, in particular to P
systems.

An interesting application of this model may also abstraotrf biological phenomena. In a sense,
the composition of a contegt with a termT which satisfie€€ may represent the agreement aroatract
betweerC andT. Namely, ifC satisfiesP,R) andT has type(P,R), thenT offers toC, via the elements
in P, everything that isequiredby C, viceversaC has to satisfyl''s requesR; modelling, in a sense, the
fact thatC andT mutually agree with each other.

Finally, modelling biological phenomena in CLS, espeyidbr biologists, could be made more
intuitive with the use of a graphical interface, that wouhdck most of the syntactical details, so that the
modeller could focus on the conceptual aspects of the fazatadn.

Acknowledgements. We thank the referees for their helpful comments. The finediga of the paper
improved due to their suggestions.
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