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Abst rac t  

This paper presents an alternative approach to loose specifications of parameterized data 
types. The specification language is full first-order logic, and the semantics is a particular 
class of functions, mapping parameter algebras to (parameter generated) target algebras. We 
investigate monomorphicity and correctness of parameterized first-order specifications, and 
present simple syntactic criteria for these notions. Furthermore, correctness of standard para- 
meter passing is studied. We give a characterization as well as a simple sufficient criterion 
for specifications with correct parameter passing. Finally, the interaction between parameter 
passing and correctness of specifications is investigated: We present conditions under which 
actualization of parameterized specifications preserves the correctness of the constituent spe- 
cifications. 

1 I n t r o d u c t i o n  

Since the pioneering work of Liskov, Zilles, the ADJ-group and many others in the early 
seventies, a number of different approaches to algebraic specification have emerged and 
gained a sta'ong influence on software engineering. In combination with logics of programs, 
algebraic specifications have become an indispensable tool for the formal description and 
construction of verified software. Usually, three main stream approaches are distinguished 
according to their semantics: initial algebra semantics ([LZ 74], [Gu 76], [GTW 78], 
[TWW82], [Ga 83], [Pa 85], [EM 85], [Pa 90], [EM 90]), terminal algebra semantics ([Wa 
79], [HR 80], [Ka 83]) and loose semantics ([GGM 76], [BDPPW 79], [WB 82], 
[WPPDB 83], [CIP 87], [Wi 90]). 

In the first two approaches a specification is meant to define a specific abstract data type 
precisely up to isomorphism, and therefore the semantics of a specification is a particular 
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class of isomorphic algebras (initial or final algebras resp.). In the case of initial semantics 
the specification language is in general restricted to universal equations or Horn clauses, in 
order to guarantee the existence of initial models (for the extension by constraints see [Pa 
90], [EM 90]). In the loose approach, however, a specification is rather thought of as a 
collection of requirements, open to a number of different interpretations, The semantics of a 
specification is therefore a class of possibly non-isomorphic interpretations. This view of a 
specification is an appropriate basis for software specification and development, and is 
adopted in this paper. The loose approach has some practical advantages: The specification 
language is full first-order logic and is not restricted to Horn clauses. This increases the 
flexibility in practical applications considerably. Furthermore, first-order specifications 
exhibit better "deductive properties" than Horn clause specifications, in the sense that in 
general more consequences can be deduced from the explicit axioms of the specification (see 
[Re 92]). This is a good basis for verification systems. 

In this paper we present a parameterization mechanism for loose first-order 
specifications. It combines a pushout-style parameterization on the syntactic level (e.g. 
[EKTWW 80], [BG 80], [Eh 82], [Ga 83], [EM 85]) with a semantics based on classes of 
functions (cf. [SST 92]). A parameterized specification PSPEC = (SPECp, SPEC) is a pair 
of two first-order specifications. SPECp is the parameter specification and SPEC is the 
target specification, the former beeing a subspecification of the latter. A single parameterized 
data type satisfying PSPEC is modelled by a partial function F, that takes a parameter 
algebra M and returns a ("parameter generated") target algebra F(gvt). Roughly, the 
semantics SEM(PSPEC) is the class of all functions satisfying PSPEC. This loose seman- 
tics differs from the ones given in ASL ([SW 83], [Wi 86]) or Extended ML (for functor 
specifications, [ST 88]), but is similar to the one given in [SST 92] for specifications of 
parametric algebras. There are also similarities to PLUSS [Gau 92]. 

In general, loose specifications admit non-isomorphic interpretations, and therefore are 
ambiguous. In the software development process this is exploited in abstract requirement 
specifications. Only the crucial properties of the system are specified, leaving out 
implementational or other details. In later phases of the development however, the 
specifications tend to restrict the classes of described models more and more, ending up 
with design specifications describing an interpretation up to isomorphism. Specifications 
with this property are called monomorphic. If a data type F satisfies a monomorphic spe- 
cification PSPEC, then PSPEC is called correct for ~ In this paper the main stress is put on 
how to detect monomorphicity, and how monomorphic and correct specifications can be 
developed. We investigate both notions, and present a simple proof theoretic criterion for 
monomorphic specifications. Furthermore, we investigate the actualization of parameterized 
specifications. We define the notion of strict persistency which characterizes the correcmess 
of standard parameter passing (actualization with an unparameterized specification). We 
present a simple sufficient criterion for strict persistency, and show that for strictly persis- 
tent parameterized specifications, actualization is a correctness preserving operation. 

The paper is organized as follows: In the next section we recall some basic definitions, 
and define simple and parameterized specifications. In section 3 we investigate the semantics 
of parameterized specifications. Section 4 is devoted to monomorphic and correct speci- 
fications, and section 5 investigates standard parameter passing. 
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2.1 Simple and parameterized specifications 
A signature SIG = (S, OP) consists of a set of sorts S and a set OP of function- and 

predicate symbols over S. S* are the finite words over S with empty word X. For w = Sl.. 
Sn OPw is the set of n-ary predicate symbols with the indicated typing, and OPw,s is the set 
of function symbols with range sorts w and target sort s. For every sort s ~ S there is a 
countably infinite reservoir Xs of individual variables. X is the system of all these variable 
sets. For SIG = (S, OP) and X, TOP,s(X) denotes the terms of sort s over OP and X. TOP,s 
is the corresponding set of ground terms (= TOP,s(O)). Top(X) and TOp are the sets of all 
terms and ground terms, respectively. A signature SIG = (S, OP) is a subsignature of SIG' 
= (S', OP') if S' ~ S and O P ' ~  OP. L(SIG, X) and VL(SIG, X) denote the sets of first- 
order and universal fomulas over SIG and X, respectively. A simple (unparameterized) 
specification SPEC = (S, OP, T) consists of a signature SIG = (S, OP) and a set T of first- 
order formulas. SPEC is a subspecification of SPEC' = (S', OP', T') if (S, OP) is a sub- 
signature of (S', OP') and T c_ T'. 

Parameterized specifications are based on parameterized signatures SIG = (S t_) Sp, OP u 
OPp). We distinguish between parameter sorts Sp, target sorts S, parameter operations OPp, 
and target operations OP. The sets are assumed to be disjoint, and SIGp = (Sp, OPp) is 
called the parameter signature. Sometimes we use the notation SIGp t.; (S,  OP) for SIG. A 
parameterized specification PSPEC = (SPECp, SPEC) consists of two simple specifications: 
the parameter specification SPECp and the target specification SPEC, the former being a 
subspecification of the latter. 

IND(SIG) denotes the set of first-order instances of a schema for structural induction 
over the target sorts S of SIG = (S u Sp, OP u OPp). IND(SIG) is defined as follows: Let 

= <cPs : s~ S> a vector of formulas CPs and x = <Xs: s ~ S> a vector of induction variables 
Xs of sort s~ S. The variable Xs occurs free in q~s, and tps(C) stands for substituting c for Xs in 
tp s. We define IND(SIG) = { (Basis(x, ~) ^ Hyp(x, ~)) ~ Concl(x, ~) : ~ = (r : s~ S), x 
= <Xs: s~ S>}. We set Basis(x, (~) := AceoP~.,s Cps(C), Concl(x, ~) := AseS  k/Xs.% and 
Hyp(x, ~) := A{Step(f,  x, t~): f ~ OPw,s, s~ S}. For f ~ OPw,s, s~ S, with w = sl..Sr, and 
new variables Xl .... Xr Step(f, x, ~) is the following formula: 

'V'Xl .... Xr. ((A{tp s' (x') : <s', x'> E {<Sl, Xl> . . . .  <Sr, Xr>}, s'~ S}) ~ tps(f(xl .. . .  Xr))). 

2.2 Semantic concepts 

For SIG = (S, OP) a SIG-algebra A = ( (As)se S, (fa)fe OP ) consists of non-empty 
carder sets As and the interpretations fA for the symbols from OP. The interpretation fA is a 
total function or a predicate depending on what kind of symbol f is. We use a relaxed 
notation for algebras by just enumerating the components, for example, (N, 0, succ, <) for 
the natural numbers with zero, successor and the less-than predicate. The class of SIG- 
algebras is abbreviated by Alg(SIG). We write A=  B, if A and B are isomorphic. If SIG = 
(S, OP) is a subsignature of SIG', and A a SIG'-algebra, then the reduct of A wrt. SIG, 
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AISIG, is the algebra B with Bs = As for all s~ S and f~ = fA for all f ~ OP. Let SIG a 
subsignature of SIG', A a SIG'-algebra, and g an isomorphism from AIsI G to ~(. Then a 
SIG'-algebra (A VSIG,g M) can be defined, where roughly AISI G is replaced in A by M 
according to g. We call this algebra the isomolphic alteration of A by Mwrt. g. We get the 
properties (A VSIG,g ~M) - A and (A VSIG,g M)IsI G = M. Since in the sequel the actual 
isomorphism g is not important, we use the relaxed notation (A VSI G 9r 

The evaluation of a term t e Top(X) in A under the valuation s:. X ~ A is denoted by 
ts,A. We write & s ~ 9 if the formula 9 is true in A under s, A ~ 9 if A is a model of 9, 
and T ~ 9 if every model of the formula set T is a model of 9. Alg(T) is the class of  all 
models of T. An algebra is generated if each carrier element can be denoted by a ground 
term. Gen(T) is the class of generated models of T. For SPEC = (S, OP, T) Alg(SPEC) := 
Alg(T) and Gen(SPEC) := Gen(T). 

Signature morphisms ,forge~d operations, specification morphisms and free functors 
for equational parameterized spec'Zications are defined as usual (see [EM 85] for details). A 
signature morphism h: SIG ~ SIG', maps sorts and operations of SIG to sorts and 
operations of SIG', a specification morphism h : SPEC ~ SPEC' is a signature morphism, 
which additionally guarantees that SPEC' entails the translated axioms of SPEC: SPEC' 

h(SPEC). For a given signature morphism h: SIG --, SIG' the forgetful operation Vh 
tums a SIG'-Algebra A into a SIG-algebra B := VIa(A) with Bs := Ah(s) and fB := h(f)A. 

3 S e m a n t i c s  o f  P a r a m e t e r i z e d  F i r s t - o r d e r  Specifications 

We illustrate the syntax of parameterized specifications by the following description of 
finite sets over an arbitrary partially ordered domain: Sets_over_Partial order is described in 
a compact notation for parameterized specifications: It refers to the parameter specification 
Partial_order and lists the target sorts, functions, predicates, variables and axioms. The sort 
data, and the partial ordering< are the only parameter sorts and operations. The target sort is 
set, the target operations are the empty set 0 ,  the insertion of a data element (insert), the 
membership predicate (e), and an ordering (<<) on sets, a variant of the multiset ordering. 

parameterized specification Sets_over_Partial_order 
parameter  Partial_order 
sorts set 
func t ions :  0 : ~ set 

insert : data x set -~ set 
predicates infix ~ : datax set 

infix << : set x set 
va r s  n, m : set 
a x i o m s  -~ x ~ 0 

x~inser t (y ,m)  ~ ( x = y  v x ~ m )  
n = m  *-* V x . ( x ~ n  ~-~ x ~ m )  
n < < m  ~ V x . ( x E n - - ,  3 y . ( y ~ m  ^ x < y ) )  

end 
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p a r a m e t e r  specification Partial_order 
sor t s  data 
predicates  infix < : data x data 
v a r s  x, y, z : data 
a x i o m s  ~ x < x 

x < y  A y < Z  - '  X<Z 
end 

For simple specifications we adopt the loose semantics approach of Giarratana et al. 
([GGM 76]) and the Munich CIP-group ([BDPPW 79]). The semantics of  a simple 
specification SPEC is the class of its generated models Gen(SPEC). Oar semantics of a 
parameterized specification PSPEC = (SPECp, SPEC) with signature SIC] = (S t.) Sp, OP u 
OPp) is based on the class of parameter generated or Sp-generated algebras, PGen(SIG). A 
SIG-algebra A is Sp-generated if each element of any target carrier (As for s ~ S) can be 
constructed from the parameter carriers (As for s ~ Sp) by finitely many applications of the 
target functions from OP. Sp-generated algebras are models of IND(SIG). We define the 
target models of PSPEC, Tar(PSPEC), to be the class of Sp-generated models of SPEC. 

The interpretations of PSPEC are functions from Alg(SPECp) to Tar(PSPEC). For 
example, the function Set mapping each model M of Partial_order to the algebra of finite 
sets over M (with the corresponding operations) is an interpretation of the above sample 
specification. However, we are not interested in arbitrary functions. We require that they 
preserve their parameters -like Set does-, or at least preserve them up to isomorphism. In 
general we cannot expect that the functions are defined for each parameter algebra, like Set, 
since the target specification might be inconsistent. Therefore, we require that they are 
defined whenever possible. This means that the functions are defined for a parameter 
algebra M iff there exists a target model A with ~SIG.  - 9r Finally, we require that the 

la 
functions are compatible with isomorphism: The images of isomorphic arguments are again 
isomorphic. 

3.1 Defini t ion (Semantics  of parameterized specif icat ions)  

Let PSPEC = (SPECp, SPEC) with signature SIG = (S u Sp, OP u OPp). Then 
SEM(PSPEC) is the class of all partial functions F ~  AIg(SIGp) --> Alg(SIG) (with domain 
dora(F) and range rg(y)) satisfying the following properties: 

1) 
2) 
3) 
4) 

rg(Y) c_ Tar(PSPEC) 

dom(y) = Tar(PSPEC)ISIGp 

for all M e  dom(Y): F(giOISIGp _= M 

for all M, ~ ~ dom(F): M =  Yet' =,  F(M) = F(Ycf) 

Properties 1) and 2) guarantee that the images of a function Fare  target models, and that 
F i s  defined whenever possible. We call a function Fwith property 3) persistent. Property 



72 

4) states that F is compatible with isomorphism. An algebra A satisfies a simple 
specification SPEC if A E SEM(SPEC). A function F satisfies PSPEC if F e 
SEM(PSPEC), We call two functions F1, Fz isomorphic (F1 -- Fz), if dom(Fz) = dom(Fz) 
and Fl(e,0 = Fz(M) for all M e  dom(F1). The functions of SEM(PSPEC) are defined for 
Alg(SPECp) if each M e  Alg(SPECp) can be extended to a parameter generated model of 
SPEC, i.e. Tar(PSPEC)ISIGp = Alg(SPECp). A specification PSPEC with this property is 
called freely extendible. 

3.2 Remark (Elementary properties of SEM(PSPEC) and related work) 

SEM(PSPEC) is closed under isomorphism: If F I e  SEM(PSPEC) and Fz = Fz then Fz 
e SEM(PSPEC). However, since we allow full first-order specifications, it might happen 
that the target specification SPEC is inconsistent or has no parameter generated models 
(Tar(PSPEC) = 0) .  Then (and only then) SEM(PSPEC) consists of the undefined function. 
If Tar(PSPEC) is not empty, then SEM(PSPEC) in general contains different non- 
isomorphic functions. In our example, however, SEM(Sets_over_Partial_order) is a single 
class of isomorphic functions. How this special case can be detected from the axioms is 
shown in section 4. 

With the initial semantics approach to equational parameterized specifications (see f.e. 
[EM 85]), the above semantics shares the view of parameterized data types as mappings 
from parameter algebras to target algebras. In the initial semantics approach, the free 
functors are always defined for all parameter algebras, but may fail to be persistent. In our 
approach, however, the functions are persistent per definition but possibly not defined for 
every parameter algebra. The functions satisfying freely extendible specifications are 
persistent and defined for Alg(SPECp). In practice we are interested in freely extendible 
specifications. 

In ASL ([SW 83], [Wi 86]) the semantics of a parameterized specification is a mapping 
that takes a class of (parameter) algebras and returns a class of (result) algebras. In Extended 
ML ([ST 88]) the semantics of a functor specification is a function mapping an algebra to a 
class of algebras. Both are different from the semantics given above. In [SST 92] Sanella, 
Sokolowski and Tarlecki introduce a parameterization mechanism for parametric algebras, 
using a semantics similar to one given above. 

4 Monomorphic i ty  and Correctness 

In this section we investigate the notions of monomorphicity and correctness, give a 
syntactic criterion how to detect momonorphicity from the axioms, and illustrate it by an 
example. We concentrate on parameterized specifications. For simple specifications we refer 
to [Wi 90], [Re 92]. 
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4.1 Definition (Monomorphic specifications) 

A parameterized specification PSPEC is monomorphic if any two functions F1 and Fz 
SEM(PSPEC) are isomorphic. �9 

The following analysis of monomorphic specifications is based on the fact that a PSPEC 
is monomorphic iff any two target models A and B with identical parameter reduct (AISIGp = 
BISIGp ) are isomorphic. The latter criterion can be equivalently reformulated in terms of 
quasi-ground literals. 

4.2 Defini t ion (Quas i -g round  ii terais) 

Let SIG = (S u Sp, OP u OPp) be a parameterized signature with parameter subsignature 
SIGp = (Sp, OPp). Let Xp be a set of variables for Sp. Quasi-groulut literals are formulas of 
the shape: tl = t2, -~tl = t2, q(tl,..,tn) and "~q(tl,..,tn), where tl, t2 .... tn ~ Top(Xp) and q is 
a predicate symbol from OP. Non-negated literals are called positive. �9 

The term quasi-ground literals stems from the fact that the terms occuring in the literals 
are ground with respect to the target sorts, but may contain variables of the parameter sorts. 
Henceforth, a term t ~ Top(Xp) is called a quasi-ground term. 

4.3 Fac t  (Monomorphicity and quasi -ground literals) 

PSPEC is monomorphic r 

for all A, B ~ Tar(PSPEC) with ~SIG = BISIG-, all positive quasi-ground literals cp, p j, 
and for all valuations s: Xp ---> AJSIGp, the following holds: & s ~  ~0 r B, s ~  tp. �9 

Roughly speaking, a specification is monomorphic if it determines the truth of the 
positive quasi-ground literals for target models with identical parameter reducts. 
Monomorphic specifications arising in practice, often meet an even stronger condition: They 
determine the truth of the positive quasi-ground literals for all models with identical 
parameter reducts, that satisfy the target specification and the structural induction principle. 
This situation is studied in [Re 91] and leads to the following criterion for monomorphic 
specifications. 

4.4 Theorem (Sufficient criterion for monomorphicity) 

Let PSPEC = (SPECp, SPEC) with signature SIG = SIGp u (S, OP). PSPEC is 
monomorphic, if for each positive quasi-ground literal q)(xl .... Xn) there exists a formula 
cp'(xl . . . .  xn) ~ L(SIGp, Xp) such that: 

SPEC u IND(SIG) ~ tp(Xl ... .  Xn) ~ q)'(Xl .... Xn). �9 
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Now we turn to the correctness of specifications. A simple specification SPEC is correct 
for an algebra A, if A is the only generated model of SPEC up to isomorphism. 
Correspondingly, PSPEC is correct for a function F, if PSPEC describes Funiquely up to 
isomorphism. 

4.5 Definition (Correctness of specifications) 
A parameterized specification PSPEC = (SPECp, SPEC) is correct for F ~  Alg(SIGp) ---> 

Alg(SIG), if F e  SEM(PSPEC) and PSPEC is monomorphic. �9 

Note that if Tar(PSPEC) = O, PSPEC is correct for the undefined function. In order to 
prove that PSPEC is correct for F~  Alg(SIGp) ---> Alg(SIG), the following criterion based 
on 4.4 and 4.5 can be used. 

4.6 Corollary (Correctness of specifications) 
A parameterized specification PSPEC = (SPECp, SPEC) is correct for F e  AIg(SIGp) ---:, 

Alg(SIG), if the following conditions hold: 

1) for all M e  dom(bt): F(M) is Sp-generated 

2) for all M e  dom(59: ~eet) ~ SPEC 

3) d o m ( ~  _D Tar(PSPEC)ISIGp 

4) for all M e  dora(59: F(gP/)ISIGp --- M 

5) for all positive quasi-ground literals q>(Xl . . . .  Xn) there exists V(Xl . . . .  Xn) 
L(SIGp,Xp) such that SPEC k3 IND(SIG) ~ q~(xl .... Xn) ** q0'(Xl .... Xn) �9 

4.7 Example (Sets_over_Partial_order revisited) 
With the help of 4.4 we show that Sets_over_Partial_order is monomorphic. To this- 

purpose we classify the positive quasi ground literals: set equations t = t', predicate 
expressions x e t and t << t'. The terms t and t' take the form insert(xl, insert(x2, 
..insert(xk, 0). .))  and insert(yl, insert(y2, ..insert(yu, O)..)), respectively, and xi and Yi 
are variables of the sort data. If the quasi-ground literal ~p is x e t then q0' is V i=l..k x = xi 
(false if k = 0). If q0 is the equation t = t' then q0 ~ is the formula Vz. ((V i=l..k z = xi) '--' 
(Vi=l..u z = Yi)), and if q0 is t << t', we set q0' 'v'z. ((Vi=l..k z = xi) ~ 3z': ((Vi=l..u z' = 
Yi) ^ z < z')). In all cases SPEC u IND(SIG) ~ cp ,--, q0' holds. 

Furthermore, by inspection of the conditions 1) to 4) of 4.6, we see that 
Sets_over_Partial_order, is correct for the function Set with dom(Set) = Alg(Partial_order) 
and Set(gVO := (Potco(M), M, 0 ,  insert, e ,  <<, <) for all M e  dom(Set). Poko(M) denotes 
the finite subsets of M (carrier of 9vD and the operations have the standard meaning. �9 
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The criteria 4.4 and 4.6 are useful to prove monomorphicity or correctness of a given 
specification. Example 4.7 illustrates the general technique to prove that the equality and the 
predicates are fixed by the axioms with respect to the parameter. However, for large 
specifications, this proof is very extensive. The higher the number of symbols in the 
signature, the more quasi-ground literals exist. Furthermore, from a methodological point of 
view, it is unrealistic to develop large specifications as a monolithic block. What is needed 
are structuring operations enabling the incremental design of correct specifications from 
smaller ones; preserving the correctness of the constituent specifications. Two operations 
that are available in almost all specification languages (CLEAR [BG 80], ASL [SW 83], [Wi 
86], ACT ONE [EM 85], Extended ML [ST 88], SPECTRUM [Br 91]) are the disjoint 
union of specifications, and the enrichment of a specification with new axioms for new 
symbols. A large correct specification can be developed by starting out with a small 
fragment, proving it con'ect using the above criteria, and then extending it incrementally to 
the intended specification. Due to space limitations, we refer to [Re 91] for the criteria for 
union and enrichment. 

5 P a r a m e t e r  P a s s i n g  

In this section we study two questions: First, the con'ectness of standard parameter 
passing for parameterized full first-order specifications, and, second, the interaction 
between parameter passing mad the correctness of the involved specifications. With standard 
parameter passing we mean actualization with simple specifications ([EM 85]). 

Roughly, the actualization of a parameterized data type Fwith an actual parameter M is 
the function application of F to Pg. ~Tff needs not necessarily be formulated over the 
parameter signature of F. It suffices if there is a signature morphism h between the 
parameter signature of Fand the signature of M. The result of the actualization of Fby  M 
and h is denoted by Fh(~/'). Syntactic actualization of PSPEC = (SPECp, SPEC) with an 
actual parameter specification SPEC' replaces SPECp in SPEC by SPEC'. The connection 
between SPECp and SPEC' is described by a specification moqohism h. The resulting 
simple specification is denoted by PSPECh(SPEC'). 

Correctness of parameter passing is the following problem : Does Fh(M') satisfy 
PSPECh(SPEC') if 9r and F satisfy SPEC' and PSPEC respectively ? And conversely, 
can every A' satisfying PSPECh(SPEC') be obtained by actualization of a function F 
satisfying PSPEC with a parameter ~ satisfying SPEC'? If both answers are positive for 
all specification morphisms then parameter passing is correct for PSPEC. We provide a 
solution to this problem by a characterization of the specifications with con'ect parameter 
passing and give a syntactic criterion for this class. 

The second problem solved in this section is the interaction between parameter passing 
and the con'ectness of the involved specifications: We present sufficient conditions under 
which for all specification morphisms h, PSPECh(SPEC') is correct for Fh(Yct'), provided 
PSPEC and SPEC' are correct for Fand 9ff, respectively. 
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5.1 Definition (Syntactic actualization) 
Standard parameter passing requires three things: A parameterized specification PSPEC = 

(SPECp, SPEC) with signature SIG = (S u Sp, OP u OPp), a simple specification SPEC' 
= (S', OP', T') with signature SIG', being the actual parameter, and a specification 
morphism h : SPECp --, SPEC' which indicates which sorts and operations of SPECp are 
replaced by which sorts and operations of SPEC'. Then the value specification 
PSPECh(SPEC') with signature (S' u S, OP' u OP*) results from replacing SPEC' for 
SPECp in SPEC, thereby replacing the symbols of SPECp that also may occur in SPEC 
according to h. OP* contains the same symbols like OP, but the typing of the symbols may 
have changed according to h. In the literature this syntactic parameter passing is illuslrated 
with the following (pushout) parameter passing diagram (see [EM 85] for formal details): 

U SPEC _--- SPEC P I h, 
SPEC' ~ ASPEC = PSPEC~(SPEC') 

1 / ,  
U t 

The specification morphism h is called the passing morphism, u and u' are the formal 
and actual parameter inclusions, hi is the induced passing morphism which acts like h for 
symbols from SPECp and is the identity for the target symbols of SPEC. Additionally, it is 
required that S and S' are disjoint as well as OP and OP'. �9 

In the sequel we assume such a standard parameter passing diagram and refer to the 
above notation. The semantic actualization is based on amalgamated sums : If  9vt" E 
Alg(SPEC') and A~ Alg(SPEC) and Vh(~)  = AISIGp =: M, then the amalgamated s u m  
B:= ~ + M A  is uniquely defined in AIg(ASPEC) with BtsI G, = 9r and Vhl(B) = 

5.2 Definition (Semantic actualization) 
Let PSPEC = (SPECp, SPEC), SPEC' and the specification morphism h be given like 

above. For F ~  SEM(PSPEC) and M' ~ Alg(SPEC') with M := Vh(M' ) ~ dora(F) we 
define the actualization of F by ~ and h: Fh(~r := ffCf+M (F(M) VSIGp 9r �9 

Since FE SEM(PSPEC) is persistent per definition, F(ffc01SIGp and M are isomorphic, 
and hence F(M) VSIGp M is always defined. Now we give a formal definition of the 
con'ectness of parameter passing. 
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5.3 Defini t ion (Correc tness  of parameter passing) 

We assume the following parameter passing diagram. 

U SPEC ....... ~ SPEC P 

SPEC' y ASPEC = PSPEC h(SPEC') 
U ~ 

Standard parameter passing is correct  if PSPEC is freely extendible and if for every 
passing morphism h: SPECp ---> SPEC' the following holds: 

SEM(PSPECh(SPEC')) = k.) 9-~ SEM(PSPEC) Fh(SEM(SPEC')) (*) 

where Fh(SEM(SPEC')) = { Fh(~)  : 9r ~ SEM(SPEC') and Vh(gff) ~ dom(F)}. �9 

A careful look at the definitions reveals, that the right to left inclusion of the set equation 
(*) in 5.3 is generally true. However, the reverse does not hold. There exist freely 
extendible specifications that do not have correct parameter passing. Essentially, the reason 
why a parametefized specification PSPEC might fail to have correct parameter passing is the 
following phenomenon: It might happen that for a certain h: SPECp ~ SPEC' there exists a 
generated model B of ASPEC, the SIG' reduct of which is not generated (see [Re 91] for 
examples). Fortunately, this is actually the only phenomenon hindering the correctness of 
parameter passing. The following definition is designed to prevent it. 

5.4 Defini t ion (Str ict  persis tency)  

Let PSPEC be a parameterized specification with signature SIG = SIGp w (S, OP) and 
parameter signature SIGp = (Sp, OPp). PSPEC is strictly persistent, if for all target models 
A ~ Tar(PSPEC), for all s ~ Sp, all terms t(Xl .... xn) ~ ToPuOP.v,s (Xp) and all valuations 
s : Xp--> Athere exists a term t' E TOPp,s ({Xl .... Xn}) with: ts, A = t ' s , A  . II 

Under weak resla'ictions of SIGp, strict persistency plus free extendibility characterize the 
specifications with correct parameter passing. 

5.5 Theorem (Characterization of correct parameter passing) 

Let PSPEC = (SPECp, SPEC) be a parameterized specification with signature SIG = 
SIGp u (S, OP). The parameter signature SIGp = (Sp, OPp) is required to provide at least 
one term t ~ TOPp,s for all s ~ Sp. Then the following holds: 

Standard parameter passing is correct  for PSPEC iff PSPEC is strictly persistent  and 
f ree ly  extendible. �9 
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5.6 Remark (Strict persistency and related work) 

In theorem 5.5 the "if-part" of the equivalence is relevant for practical applications. 
However, the restriction on SIGp in 5.5 is only needed for the "only-if-part". Therefore, the 
restriction is irrelevant for practical applications. It can be dropped completely, if SIGp has 
only a single parameter sort. 

In order to compare result 5.5 with the corresponding one for initial semantics ([EM 
85]), we assume (Ep, E) to be a freely extendible, parameterized equational specification. 
Then all possibly non-isomorphic interpretations of SEM((Ep, E)) are defined for all 
parameter algebras and are persistent. In the initial approach, persistency of the free functor 
already implies the correctness of parameter passing, whereas we need the additional 
requirement that (Ep, E) is strictly persistent. This is because persistent free functors 
additionally guarantee, that the reduct of the image of a generated actual parameter algebra is 
always generated. This is exactly what strict persistency guarantees in our setting. The 
definitions of strict persistency and free extendibility have also some similarity to the de- 
finitions of sufficient completeness and consistency in [Ga 83] for equational specifications. 
Actually, the COlTesponding result for (the standard version of) parameter passing in [Ga 83] 
for equational specifications can be obtained as a corollary of ours. The approach in [NO 
87] is based on functorial semantics and considers Horn specifications with boolean 
constraints. Here we consider loose semantics and full first-order logic. 

The following syntactic criterion is useful to establish strict persistency. It states that 
PSPEC is strictly persistent if the target operations can be eliminated from terms of a 
parameter sort. 

5.7 Theorem (Criterion for strict persistency) 

PSPEC = (SPECp, SPEC) with signature SIG = (S u Sp, OP u OPp) is strictly 
pers!stent, if for all s ~ Sp, all terms t(xl .... Xn) ~ ToPuOPp_,S (Xp) there exist, terms tl ' ,  
�9 ., tk ~ TOPp,s ({xl . . . .  xn}) such that SPEC u IND(SIG) ~ Vi=l,..,k t = ti .  [] 

In 5.7 it is not necessary that SPEC u IND(SIG) determines a single t' for t. It may leave 
unspecif ied which of the terms ti' is equal to t. In our sample specification 
Sets_over_Partial_order, there are no terms of a parameter sort at all. Therefore, 5.7 is 
vacuously true, and hence Sets_over_Partial_order is strictly persistent. 

Now we turn our attention to the interaction of parameter passing and the correctness of 
the involved specifications. Correct parameter passing, or equivalently strict persistency 
plus free extendibility, and correctness of a specification are independent notions: There are 
strictly persistent and freely extendible specifications that are not correct, and conversely, 
there exist freely extendible specifications that are con'ect for an interpretation but not strictly 
persistent. However, strict persistency and free extendibility are important to ensure that 
actualization preserves the cox/ecmess of the involved specifications. 
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5.8 Theorem (Actualization and correct specifications) 

If PSPEC = (SPECp, SPEC) is strictly persistent and freely extendible, then for all actual 
parameter specifications SPEC', and all passing morphisms h: SPECp---> SPEC' the 
following holds: 

PSPEC correct for 5 r, and SPEC' correct for er ~ PSPECh(SPEC') correct for 5rh(~) �9 

Theorem 5.8 suggests to look at strictly persistent and freely extendible specifications, in 
order to guarantee correctness preserving actualization. Strict persistency can be checked by 
criterion 5.7. A specification PSPEC can be shown to be freely extendible by giving a 
concrete function fw i th  dom(~  = Alg(SPECp) which satisfies PSPEC. This can be done 
with our sample specification Sets_over_Partial_order. Consequently, actualization of 
Sets_over_Partial_order is correctness preserving. Under certain restrictions there is also a 
syntactic criterion for free extendibility. 

5.9 Theo rem (Cri ter ion for free extendibility) 

PSPEC with signature SIG and parameter signature SIGp is freely extendible if the 
following conditions hold: 

1) 
2) 
3) 
4) 

PSPEC strictly persistent 

SPEC c VL(SIG, X) 

SIG provides a quasi-ground term for each target sort 

for all qo ~ VL(SIGp, Xp): SPEC b- q0 ~ SPECp 1- q0. 

( b- denotes derivability in first-order logic) 
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