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Recently, "algebraic” equational Horn clause specifications {or, in some sense, conditional specifications)
have been advocated by several authors as the solution to some of the problems of Prolog [see, for
instance, 11]. Most of the work done in this field has been dealing only with the operational aspects of such
specifications (e.g. rewriting, narrowing, etc.), perhaps assuming that other kind of results will be direct
generalizations of those obtained for the equational case.

However, there is an aspect that hinders, in many cases, this generalization: working with a (so-called)
boolean constraint, i.e. having as admissible models for specifications algebras satisfying that a boolean
sort contains only two values: true and false. Specifically, constructions that are almost trivial in the
standard framework have to be approached with new techniques.

In this paper we study two aspects of parameterized specifications, proof theory and correciness. We
characterize the inductive theory of a parameterized specification generalizing some results obtained by P.
Padawitz in [15] (in particular some restrictions have been removed, for instance the need to have equality
operators explicitly defined for every sort, or the need for persistency: we only ask for
"bool-persistency”). Then, we obtain a proof theoretical characterization of three conditions related to the
correctness of a parameterized specification: bool-persistency, {i.e. the property that ensures that the
booleans are not "destroyed” by the parameterization), persistency (i.e. protection of the actual
parameter) and passing compatibility {i.e. the property that assures the compatibility of the functorial and
pushout semantics for parameter passing).
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Other previous work related with our results is [8,5,16,14]. In [8] Ganzinger obtained the
proof-theoretical characterization of persistency for the equational case. The characterizations of
bool-persistency and persistency presented here are strongly inspired in his, indeed, the only-if part of our
proofs is a direct generalization of his, but the if part presented the kind of problems mentioned above.

In 8] Ehrig dealt with parameterized specifications with arbitrary constraints (thus his work is more
general), some of his results have been used in this paper, however his approach was model-theoretical due
to the generality of his framework.

In [16] Padawitz obtained conditions for checking persistency of parameterized equational specifications
with @ boolean constraint. Although the similarity of the framework, the results are quite different, he was
mainly involved in obtaining sufficient conditions for persistency that were easily checkable using rewriting

techniques.

With respect to [14], the characterization of passing compatibility presented here is a straightforward
generalization of the one presented there, once the new techniques used in the previous results are applied.

The organization of this paper is as follows: In section 1, we introduce briefly the basic concepts. In section

two, we characterize the inductive theory defined by a parameterized specification. Finally, in section 3 we
obtain the characterization of bool-persistency, persistency and passing compatibifity.
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i. Preliminaries

Familiarity with the usual notions concerning (parameterized) algebraic specifications is assumed (for
detail, see [7]).

Given a set of sorts S, an S-sorted signature 3 is an indexed family of sets of operation symbols, % =

Zw,slw e S,se 5

A Z-glgebra A consists of a family of sets (carriers or data domains) {Aglse s» and a family of operations
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opiAg1X... XAgn—-->Ag for every o in gy gn ¢ A Z:NOMomorphism h: A ---> B, where A and B are
z-algebras is a family of functions {hg: Ag ---> Bglg. g Which commute with the operations. £-algebras

together with their homomorphisms form the category Algy, having as initial object (up to isomorphism) the

term_algebra Ty. Ty(X) stands for the algebra of terms with variables in_X, i.e. the free z-algebra

generated by X. Given an assignment a: X ---> A, there is & unique Z-homomorphism a: To(X} —> A,

extending a.

A xz-algebra A gatisfies a (conditional) equafion,A |= AX.t=t' if t1=t1" & ... & tn=tn’, with

LU, in Te(X), iff for every assignment a: X - A, if for every i (1<i<n) a(ti)=a(li'y then

a(t)=a(t’). A satisfies a set of equations E iff it satisfies every equation in E.

A specification SP is a triple (S, £ ,E) formed by a set of sorts, a signature and a set of (conditional)

equations.

Given a specification SP = (S,5,E), a =-algebra satisfying E is called a SP-algebra. SP-algebras together
with their homomorphisms form the category Alggp with initiat object Tgp = Ty/=g, where =¢ stands for

the congruence generated by E.

Given a specification SP = (S,%.E), a combination of SP and SP0 = (S0,%0,EQ), denoted SP+SP0, is defined:

SP4+SPO = (8+50,2+20,E+E0)
where + denotes disjoint union. Note that SPO doss not need to be a specification (for instance, there may be

acin 20, g withwsin {S+80)*-S07, but SP+SPO does.

A spegification morphism h: SP1 --> SP2 consists of a function h:81--->82 and a family of functions
{hy s =1y S-—->22h*(w) h(s)}w*eS e S (where h*(s1...sn) denotes h(s1)...h(sn)), such that E2 S h(E1),
i.e. every equation in E1 when translated through h belongs to E2. Specifications together with their

morphisms form the category CATSP.

Every specification morphism h: SP1 —-> SP2 induces a functor Up: Alggpo--> Alggpy called the

forgetful functor associated to h, defined Up(A2)=A1 iff

vseS1 A1S = Azh(s>
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voeZly s oAt = (N s(o)az

Up, has a left adjoint Fy,: Alggp ¢ ---> Alggpo, called the free functor associated to h.

From now on, we shall assume that every specification contains, as a subspecification, the boolean
specification. Also, we will not allow non boolean operations having boolean parameters, i.e. if

GeZ, hoo-ZBOOL, then we(S-[bool})™. That is, we are considering booleans as special valugs: we may

define boolean-valued functions (predicates) but they may not be parameters.

Moreover, we shall assume that equations take the form AX.t=t' if C where Cis a g{X)-condition, i.e. a

Z{X}-term of boolean sort. Though the abuse of notation, conditions may denote, as above, boolean sorted
equations of the kind: C=true. Equations of the kind:

AX.t=t' i true
will often be abreviated to:

AX A=t

Given a specification 8P, the category LOGALG(SP) shall denote the full subcategory of Alggp, whose

objects are algebras A satisfying that Upgoi(A) = B (where bool is the inclusion morphism from the boolean

specification BOOL to SP and B is the boolean algebra of two elements).

In {13] two proof systems, |- and |-; , were given satisfying:

SP |- AXA=t if C iff vAcAlggp A = AX.t=t if C

SP | MXt=t"if C iff vAc LOGALG(SP} Al=X1t=t'if C

|- Is just a generalization to the many sorted case of a proof system given by Seiman in [17] using the
technique devised by Goguen and Meseguer in [10] to deal with many-sorts. |- is an adaptation of another

proof system given by Selman in the same paper adding rules to cope with the boolean constraint.

Note that SP |- aX.t=t' implies SP |-| AX.t=t' but the converse is not true, even if the terms t1 and 2
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contain no variables. For instance, if SP contains the equations:

AWXt=t if C
AX.t=t' if not(C)

then SP |- AX.t=t' but not necessarily SP |- AX.t=t'.

A set of conditions COND is non contradicting with respect to a set of equations E iff

E+COND*_true=faise

where COND* is the same as COND, but considering its variables as constants. From now on, although the
abuse of notation and if there is no possible confusion, we will not distinguish between COND and COND*.

A parameterized data type PDT is a triple (PAR,BODY,H), where PAR = (SPAR,2PAR,EPAR) is the

parameter declaragtion, BODY = (SBODY,zBODY,EBODY) = PAR + (S2,22,E2) is called the target
specification and H is a functor, H: LOGALG(PAR}) ---> LOGALG(BODY) (we assume H equipped with a natural
family of homomorphisms 1a: A ---> Uj{H(A)), where iis the inciusion morphism from PAR to BODY). H is

persistent (strongly persistent) iff for every A in LOGALG(PAR), | 4 is an isomorphism {the identity).

A parameterized specification PSP is a pair (PAR,BODY), where PAR and BODY are as in the previous
definition and satisfy bool-persistency, i.e. for every A in LOGALG(PAR), Upqq(Fi(A))= B, where F; is the
free functor associated to the inclusion morphism from PAR to BODY. The semantics of PSP is considered to
be the parameterized data type (PAR,BODY,F;). We shall say that PSP is persistent if F; is persistent or

strongly persistent.

Often, parameterized (conditional) specifications are not persistent if we consider as admissible parameter
any PAR-algebra, although they are persistent when we do restrict to LOGALG(PAR). This happens with the
following example:

Example 1.1

Let PAR be the following specification:

PAR =BOOL + sorts data
ops eq: data x data ---> bool
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eqns 1) Ax. eq(x,x) = true

2) A{x,y}x=y if eq(x,y)
and let BODY be:

BODY = PAR + sorts set
ops empty: set
insert: set x data ---> set
is_in: set x data ---> bool

eqns 3) A{s,x,y}. insert(inseri(s,x} y)=insert(insert(s,y),x)
4) {s,x}. insert(insert(s,x),x)= insert(s,x)
5) ax.s_in(empty x)=false
6) A{s,x}.is_in(insert(s,x),x)=true

7) Afs,xy}is_in{insert(s,x),y)=is_in{s,y) if not(eq(x,y)}

This parameterization, as we shall see later, works perfectly well (it is persistent) if we restrict
admissible parameters to those in LOGALG({PAR), i.e. those in which the boolean values are {true,false} and
eq is equality, but is not persistent (it may add "junk” to the parameter) if we do not restrict the class of
admissible parameters. Changing the specification {for instance, adding more equations) would not help to

solve the problem. «

Now, we may define standard parameter passing at the specification level: given a parameterized
specification PSP = (PAR,BODY), with PAR = (SPAR,ZPAR,EPAR) and BODY = (SBODY,xBODY,EBODY) =
PAR + (52,x2,E2}, a specification ACT = (SACT,zACT,EACT) called actual parameter specification and a

morphism h1: PAR > ACT, called parameter passing morphism, the mechanism of parameter passing may
be described by the following pushout diagram:

i1

PAR - » BODY
ht h2
ACT » VAL
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where i1 is the inclusion morphism. VAL is called the value specification. More concretely, VAL =
{SVALZVALEVAL) = ACT + (S4,24,E4), with S4 = S2, 24 = h2{22) and E4 = h2(E2), i2 is the inclusion
morphism and h2 is defined:

h2(s) = if s S2 then s eise h1(s)

h2y, g(o) = if se 22 then o else hiy s(o)

Parameter passing is correct iff the following two conditions hold, for every A in LOGALG(ACT):

1) Actual parameter protection: Uip(Fin(A)) = A
2) Passing compatibility: Fiy(Up1(A) = Upo( Fio(A) )

A parameterized specification is correct (resp. satisfies passing compatibility) if for all possible actual
parameter specifications (and parameter passing morphisms) parameter passing is correct (resp. satisfies
passing compatibility). In [5] it is proved that PSP is correct iff it is persistent.

2. The inductive theory of a parameterized specification

Given a specification SP, the theory defined by this specification consists of all the equations deducible
from SP, which (if the proof system is sound and complete) coincide with the set of equations satisfied by
all models of SP.

However, often we are not interested in all models satisfying SP. For instance if the specification is not
parameterized we may be interested only in finitely generated medels, or if it is parameterized on models
finitely generated from the actual parameter. The set of equations satisfied by alt models finitely generated
{from the actual parameter) satisfying a (parameterized) specification is called the inductive theory defined
by the specification:

Definition 2.1
Given a parameterized specification PSP=(PAR,BODY), we define the inductive equational theory defined by
PSP:

IND(PSP) = { AX =t/ vAcLOGALG(PAR) F(A) |= AX.t=t}

In Theorem 2.4 we will characterize IND(PSP) in terms of the (non-conditional) equations satisfied by
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certain free algebras, but before that we have to see two lemmas:

NOTE From now on, given two Z(X)-terms 11, 2 and & x(X)-condition C, we shall say that E}-| t11=12 i C

(instead of Ej-| AX.t1=t2 if C) if from E we may deduce this equation considering the variables as

constants, 1.e. considering t1 and {2 as ground terms and C as a ground condition.

Lemma 2.2
Given 8P = (8,5,E) and a set of £(X)-conditions COND such that COND is non contradicting w.r.t. €, then

there is a set of bool-sorted equations E(COND) such that Ty(X)/=g +E(COND) satisfies every condition in
COND and belongs to LOGALG(SP).

Proof

LetA= TE(X)/EDer(E)v where Der(E) denotes the set of equations t=t' such that E || aX.t=t'. Obviously,
UggolA) is a boolean algebra. Let COND' be COND U {not(C)/ SP|-_true=false if C}, COND' denotes a set of

values in Up,qi(A) satisfying the finite intersection property (i.e. the conjunction of any finite subset of

boolean values is not equal to false) since COND is non contradicting w.r.t. E, then, according to a corollary
of the Ultrafilter Theorem (cf. [2]). there is an ultrafilter U containing all the values denoted by COND".
Finally, we define E(COND) as {t1=true/ t1 denote a value inside U} U {t1=false/ t1 denote a value outside

U}. By construction, To(X)/=¢ +E(COND) satisfies every C in COND and belongs to LOGALG(SP) since, on one
hand, by construction in Upool(Ts(X)=g +E(COND)) there will be at most two elements, true and faise, and,
on the other hand they are different because it may be proved that for any pair of boolean sorted terms, t1
and 12in Tg(X), Te(X)=g +E(COND)5= t1=2 iff there is a ZPAR(X]}-condition C such that El-| 2Xt1=12ifC
and <Cs=true>e E(COND). But if E}, A X.trug=false if C then, by construction, only <not(C)=true> and

<C=false> belong to E(COND). »

Lemma 2.3

Given 8P = (%,E), a set of £{X)-conditions COND and two 2(X)-terms t1 and 12 such that SP+COND"}_

t1=t2, there is a set of bool-sorted equations E(COND,11,12) such that A=Tx(X)/=g . £(COND t1,12) belongs
to LOGALG(SP), A |=t1=t2 and A satisfies every C in COND.

Proof

Let COND’ be COND U {noY(C)/ SP|- t1=t2 i C}, by assumption COND' is not contradicting w.r.t. SP, thus
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applying lemma 2.2, there is a set of equations E(COND') such that A=Ty(X)/=g +E(COND) satisfies every C

in COND' (and, thus, in COND} and belongs to LOGALG(SP). On the other hand A |=11=t2, since otherwise a

condition in COND' would be false in A, contradicting one of the two previous statements. «

Theorem 2.4
Let PSP be the parameterized specification (PAR,BODY) and let Xpap be an (SPAR-{pool})-sorted

denumerable set of variables then:

Proof

=>) Suppose TygopyXp AR)/aDer{ EBODY) [ a{tt)=a(12) for a given assignment a: X->, Typopy(Xpar)
then, according to the previous lemma there is a set of bool-sorted equations E( @,a(t1),a{t2)) such that
A=Tspopy(XpaRY=E +E( @,a(t1),a(t2)) belongs to LOGALG(BODY) and A | a(t1)=a(t2). Let U(A) be the

PAR-algebra obtained after applying the forgetful functor to A. Obviously, U(A) is in LOGALG({PAR),
moreover F(U(A)) |# a(t1)=a(t2) since otherwise a(t1) and a(t2) would be equal in A. Note, however, that
we do not need F to be persistent (although, it is assumed to be bool-persistent).

<=) if Tsgopy(Xp AR)/EDer(E) l=11=t2, then for every algebra A in LOGALG(PAR) and every assignment h:

X ---> F(A) there is a (unigue) homomorphism R TzBODY(XPAR)/EDer(E) --> F(A), thus F(A) [=t1=t2. +

3. Correctness of parameterized specifications

As we have seen in the preliminaries, three conditions are asked for the correctness of parameterized
specifications: bool-persistency, actual parameter protection (persistency [5]), and passing compatibility.

in this section we are going to characterize proof-theoretically bool-persistency (Theorem 3.1} and
persistency (Theorem 3.3} in terms of consistency and completeness conditions. After, we will

characterize passing compatibility in terms of persistency (Theorem 3.4).

Theorem 3.1
PSP = (PAR,BODY) is bool-persistent iff PSP satisfies the following two properties:

1. Bool-consistency: BODY | true=false
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2. Booi-completeness: For every tin Typopy(Xpapr) of boolean sort there are t1,...,tn in TsparXpap) and
IPAR(X)-conditions C1,..., Cn, such that BCDY|- 2X.t=ti if Ci (for every i, 1<i<n), and PAR|-| AX.C1v..vCn

= frue.

Proof
=>} If PSP Is not bool-consistent, obviously, PSP is not persistent w.r.t booleans. Assume PSP is not

bool-complete, let t be the boolean sorted TBODY(X)-term for which there is not a finite set of terms

t1,....tn and EPAR(X)-conditions C1, ..., Cn such that BODY/-_aX.t=ti if Ci (for every i, 1<i<n), and PAR ML

AX.C1v..vOn = true. Let COND be {not{C)/C is a sPAR(X}-condition and 3t' in Tepar(X) PSP - aXi=t if
C}, by assumption COND is non contradicting w.r.t EPAR thus according to lemma 2.2 A =
Tspar(XY=gparn +E(COND) is in LOGALG(PAR) and every not(C} in COND is frue in A (i.e. every Cisfalse in

A). Clearly, in F(A) t is not congruent neither with true nor with false, since otherwise a condition in COND
would be false in F(A).

<=) Let A be in LOGALG(PAR), for every tin TeroDY(A)pool Since A is a LOGALG(PAR)-algebra and SP is

bool-complete, there is at;in TypaR(A) and a tPAR(A)-condition C; such that:
4 SP |- t=t; if C; and A{= C;=true.
This implies F(A)}= t=t;.

Assume F(A)|= t=t', with t,t in Typ ar(A), this means that there is a sequence of terms t4,... ty such that
t=ty, U=ty and for every i (1<i<n) fi<-->popy +EA Yip1. we will define a sequence of TPAR(A)-terms

oty (with ty'=ty and t,'=t,) and of sPAR(A)-conditions Cy, ...,Cp, such that for every m (0<m <n):

@) BODY |- tp=ty, if Cm
b) EA |y C=true

) BA L tm'=tmyy’

it should be clear that if such sequences of terms and ZPAR(A)-conditions exist then Aj= t=t".
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In the definition of 4" and C;, 4 we have two cases:

gase 1: BODY |- t=t;, 4 if C; and BODY+EA [ Cy=true. By bool completeness, there are
zPAR(A)-conditions Ci1,Ciq's....Cik,Ci's such that BODY |- Ci'=CiJ- if Cij' for every j (1<j <k ) and PAR
I Ciy' v o v Gy '=true. This means that there is a | such that BODY |- ti=t;, ¢ if CU&C”-' and A |= Cij
&C,—f:true. Now, using (*) above, there is a ZPAR(A)-term ;1" and a zPAR{A)-condition-Cy, 4 such that:
BODY |- t,q=t,1 if Cj, 1 and A|= C;, y=true. By construction conditions &) and b) hold trivially, let us
see that ¢) also hoids: By induction, we know that BODY |- =t/ if C;, we also have BODY |- 4=t ¢ if Cij
& Cij' and BODY [|-|_t, 1=t ¢ if Cy,.q hence, by transitivity, BODY |- t'=tj,¢'if Ci&C”&Cij‘&Cm, but,
by consistency, this means that PAR |- t/'=tj, ¢ if C;&Cy&Cy&Cy 4, that is Al= t'=t; " since

Ci’Cij‘Cij‘ and Ci+1 are true in A.

case 2: EAly =t 4. This means that there are terms Lr eTypap(A) and te Typopy(AU{X}) such that
<l=r>c EA, f1{t)=t; and f2(t)=t;, 1, where f1 and 2 substitute, respectively, x by | and x by r. Now, by
sufficient completeness, there is a tPAR(AU{x})-term t and a TPAR(AU{x})-condition C' such that BODY |-

t=t' if C' and Al= f1(C"). Let t; 1" and C; 4 e, respectively, f2(t} and f2(C’), obviously BODY |-

ti1=ti.1" if Cj,q and Aj= G; 4=true, moreover, Al= tj'=tj, 1" since, by transitivity, BODY+EA |- Y=t '
if C;&C,, 1, and thus, by consistency, PAR+EA |- f=t, ( H CG&Cy 1. »
Example 3.2

it should be clear that the specification of example 1.1 is bool-consistent, let us see that it is also
bool-complete.

Every term t in TEBODY(XPAR)b(}OI -TEPAR(XPAR) is of the form:

is_in{insert(....(insert(empty,x1),...).xn).y). We will proceed by induction:

case n=0 Trivial: BODY |- ax.is_in(empty,x)=false

case n=k+1 On one hand we have:

BODY |- A{s.x,y}.is_in{insert(s,x),y)=is_in(s,y) if not(eq(x.y))

On the other using equation 2} and substitutivity:

BODY |- Ms.x.y}.is_in( insert(s,x),y}= is_in( insert(s,x).x) if eq(x,y)
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and by equation 6) and transitivity:

BODY |- Ms,x,y}his_in( inseri(s,x)y)=true if eq(x,y)

Finally, trivially:

PAR |- Mx.y} eq(x,y) v not{eq(x,y)= true «

Theorem 3.3
PSP = (PAR,BODY) is persistent in LOGALG{PAR) iff PSP satisfies the following two properties:

1. Congistency: For every 11,12 in TypaR(X) and every ZPAR(X)-condition C we have PAR o aXt=2ifC

iff BODY |- axXti=t2 if C.

2. Sufficient completeness: For every t in Tygopy(XpaR) of sort in PAR, there are t1,...tn in
Tepar(Xpar) and TPAR(X)-conditions C1,..., Cn, such that BODY |- AX.t=ti if Ci {for every I, 1<ign), and

PAR |4 aX.C1v..vCn=tue.

Proof

=>) Assume PSP is not consistent, i.e. there are terms t1, 12 and a TPAR(X)-condition C such that BODY L
AXt1=t2 if C and PAR p_AX.t1=t2 if C. Obviously PAR+C ¥ t1=t2, since otherwise AX.t1=t2 if C would

be trivially deducible from PAR. Hence, according to lemma 2.3 szAR(X)/EEPARth(CM'tz) isin
LOGALG(PAR), Cistruein Aand in A | t1=t2. On the other hand, obviously, in F(A) |= H=t2.

Assume PSP is not sufficiently complete, let t be the TBODY(X)-term for which there is not a finite set of

terms t1,...,tn and EPAR(X)-conditions C1, .... Cn such that BODY [ AX.t=ti if Ci (for every i, 1<i<n), and
PAR |- 2X.C1v...v Cn = true. Let COND be {not(C)/ C is a zPAR(X)-condition and 3t in Tepar(X) PSP |-
AX.t=t' if C}, by assumption COND is non contradicting w.r.t EPAR thus according to lemma 2.2 A =

TeparXi=epan +E(COND) is in LOGALG(PAR) and every not(C) in COND is true in A (i.e. every Cis false in

A}). Now, in F(A} tis not congruent to any value of A.

<=) Similar to the same part of theorem 3.1, «
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In [14] it was proved that for the equational case passing compatibility was almost persistency
{persistency or trivial inconsistency), here, using similar techniques, we are going to prove that
persistency is exactly passing compatibility. The reason is that we are assuming bool-persistency and,
thus, avoiding trivial inconsistency.

Theorem 3.4
PSP satisfies passing compatibility for every logical parameter iff PSP is persistent.

Proof
=>) Assume PSP is not consistent (but remeber that PSP is assumed to be bool-persistent), then there are

two EPAR(X)g-terms t1 and 12 and a EPAR(X)-condition C such that PAR t_AX.t1=t2 if C and BODY |-

AX.11=12 if C. Let SP' be the specification PAR+(3,2,E’}, where T’ consists of X {taken as constants of
appropriate sorts) plus an operation ¢: s --> bool, and E” consists of the equations:

c(t1) = true
c(t2) = false

Clearly, C is non contradicting w.r.t. EPAR+E', then, according to Lemma 2.2, there is a set of equations
E(C) suchthat A = TypaR.s""EPARLE" +E(C) is in LOGALG(SP), Al= C=true and Aj# t1=t2 (otherwise A
would not be in LOGALG(SP).

Now,let ACT be SP'+{@, B,E(C)), let the parameter passing morphism h1 be the inclusion morphism, then in

Fio(A) true is equal to false, but not in Fiq (Up¢(A)-

Assume PSP is not sufficiently complete, let t be the =BODY(X)-term for which there is not & finite set of

terms t1,...,in and EPAR(X)-conditions C1, .., Cn such that BODY |- aX.t=ti if Ci (for every i, 1<isn), and
PAR{- 2X.C1v..vOn=tue. LetSP' be the specification PAR+(SPAR,Z\,E'), where SPAR' is a copy of

SPAR excluding boo! (i.e. SPAR'= {s/ se SPAR-{bool}}), £’ consists of X (taken as constants of appropriate

sorts) plus two operations ¢g: s --> ' and Ug: 8’ > 8, for every s in SPAR-{bool}, and E’ consists of the

equations:
UgCgqlt) =t

for every s in SPAR-{bool} and every tin Typag, 5 Now, let COND be {not{C)/ C is a TPAR(X)-condition
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and 3t'in Typap(X) PSP |- aXt=t if C}, COND is non contradicting w.r.t EPAR+E' thus according to

lemma 2.2 A= TypaR, r/“EPARLE" +E(COND) is in LOGALG(SP") and every not{C) in COND is trug in A (i.e.

every Cis false in A).

Let ACT=SP'+(2,2,E(COND)), let the parameter passing morphism h1 be the inclusion morphism, then
Fi1lUn1{TacT) #Una(Fia(TacT))- The reason is the following: F;1 generates some junk on Up¢(TaoT) (at

least the term t wouid be junk, if we consider its variables as constant symbols from £), but on

Una(Fia(TacT)) we have generated, at least, the double of junk: for every junk element t of sort s

generated by Fiy, In Fio(Tacs7) We have the same element plus ugCq(t).

<=) See [5] +
4. References

[1] Arbib, M.E.; Manes, E.G.: "Arrow ructur nd _functors: th tegorical imperative®
Academic Press 1975.

2] Bell, J.L.; Slomson, A.B.: "Models and Ultraproducts: an Introduction”, North-Holland (1971}

3] Burstall, R.M.; Goguen, J.A.: "The semantics of Clear, a specification language", Proc.
Copenhagen Winter School on Ab t Softwar ification, Springer LNCS 86, pp. 292-332, 1980,

[4] Ehrich, H.-D.: "On the theory of specification, implementation and parameterization of abstract

data types", JACM 29,1 (1982), pp. 206-227.

[5) Ehrig, H.: "Algebraic theory of parameterized specifications with requirements®, Proc. 6th.
CAAP, Springer LNCS 112, pp. 1-24, 1981.

[6] Ehrig, H.; Kreowski, H.-J.; Thatcher, J.W.; Wagner, E.G.; Wright, J.B.: "Parameter passing in
algebraic specification languages", Proc. Aarhus Workshop on Program Spegification, Springer LNCS 134,
1981.

71 Ehrig, H.; Mahr, B.: "Fundamentals of algebraic specification 1", Springer EATCS Monographs on
Theor. Comp. Sc., 1985.

[8] Ganzinger, H.: "Parameterized specifications: parameter passing and implementation with respect



216

16 observability*, TOPLAS 5,3 (1983), pp. 318-354.

[9] Goguen, J.A.; Meseguer, J: "Universal realization, persistent interconnection and implementation
of abstract modules”, Proc. IX ICALP, Springer LNCS 140, pp. 265-281, 1982,

[10] Goguen, J.A.; Meseguer, J: "Completeness of many-sorted equational logic”, Sigplan Notices 16,7
(1981) pp 24-32.

{11] Goguen, J.A.; Meseguer, J: "Equality, types, modules and (why not?) generics for logic
programming"”, The Journal of Logic Programming 1,2 (1984), pp. 179-210.

[12] Goguen, J.A.; Thatcher, J.W.; Wagner, E.G.: "An initial aigebra approach to the specification,
correctness and implementation of abstract data types”, in ‘Current Trends in Prograroming Methodology,
Vol 1V; Data Structuring’, R.T. Yeh (ed.), Prentice Hall 1978, pp. 80-149.

[13] Navarro, M.; Orejas, F.: "Proof rules for conditional equations”, Res. Rep., Facultat d'informatica de
Barcelona, 1986.

[14] Orejas, F.: "Passing compatibility is almost persistency”, in ‘Becent trends on data type
specification’ H.-J. Kreowski {ed.}Springer IFB 114, 1985.

[15] Padawitz, P. : "Towards a proof theory of parameterized specifications”, in 'Semantics of Data
Types', G. Kahn, D.B. MacQueen, G. Plotkin (eds.), Springer LNCS 173 (1984), pp. 375-391.

[16] Padawitz, P. : "Parameter preserving data type specifications”, in 'Eormal Methods and Software
Development, vol I, H. Ehrig, Ch. Floyd (eds.) Springer LNCS 186 (1985), pp. 323-341.

[17] Seiman, A. : "Completeness of calculii for axiomatically defined classes of algebras”, Algebra

Universalis, 2, 1 (1972), pp. 20-32.

[18] Thatcher, J.W.; Wagner, E.G.; Wright, J.B.: "Data type specification: parameterization and the power
of specification techniques”, Proc. 10th §TOC, San Diego, Ca., 1978.



