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" Unde aliud est modulari, aliud bene modulari” !

We present a translation of Ada configuration constructs, in a higher
order, impredicatively typed, functional language (HOTFUL) with
subtypes. Aim of this work is to provide an expressive executable
semantics for Ada configuration constructs, and to verify the
suitability of the chosen HOTFUL for such a task. We address, in
particular, not only the description of single modular units, but the
practicability of the approach when dealing with the development of
a whole complex system. After giving the detailed rules for such a
translation, we compare our approach with what could be obtained
by choosing a different typed language as “target”, namely the
predicative type system of Standard ML.

Introduction :

The use of Higher Order Typed Functional Languages (HOTFULSs) for the description of
configuration is well documented in the literature, one of the first attempts being the language
Pebble [Lampson & Burstall '89] (but well circulated since ’83). Subsequently, [Mitchell &
Plotkin '85, Cardelli '85, Cardelli & Wegner '85] [MacQueen 85 86} and others clarified many
concepts and notations, thus casting the foundations for more elaborated projects. Main purpose of
these works, however, was more on putting in evidence the suitability of the various typing
systems in modelling single configuration constructs rather than on addressing the description of
real modular languages in all their complexity. Their results showed that the description of real
configuration problems in term of HOTFULs was a priori possible, leaving room for the
application of these formal tools to existing languages. In this respect, the approach taken in
[Inverardi, Martini, Montangero '89] was a first attempt to verify the expressiveness of HOTFULs

lg, Augustinus, “De Musica”, 1, 11, 2.



compunit A = pack
let T be private type;
let f be function (x : T) return int;
end;

whose body could be:

compunit Al = body of A is

T = int
f = function (x : T) return int is x;
end;

Modules can import other modules (seeing only their interface) by using a with clause. The

following is the interface of a generic module (parametric on an integer value) importing the
module A:

compunit B = with A;

generic
x : int
pack

let S be private type;
let g be functiom ( c : TC, (%)) return A.T

end;

(Adina has an enumerable number of dependent type constructors TC, , that return a type and take

an integer argument. They are the generalization of dynamic array costructors.)
An instantiation of B, giving rise to a third compilation unit, could be:

compunit C = with B; pack new B(5) end;

Main tool for the modelling of Adina is the formal system A® fully defined in the next

section. As for now, it can be thought of as an extension of a typezpizfxmbda calculus where a very
general form of abstraction on types is allowed, together with type constructors for labelled tuples.
For instance, the type

(T:Tp, x:T, f:int—>T)
is the type of the labelled triples whose elements are a type A, an element of A, and a function that
for an integer input, returns a value in A. For A=bool, one such triple can be:

(T=bool, x=true, f=fun(n:int) false)
The starting point of our modelling is the use of tuple types (which are a generalization of
existential types) to describe modules as abstract data types [Mitchell&Plotkin 85]. Shortly, and for

fixing the notation, the interface of a module like:
compunit AT = pack
let R be private type;
let ¢ : R;
let makeR be function (x:int) return R;
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let op be function (t:R) returm R
end;

is modelled by the type:
AT : Tp = (R:Tp, c:R, makeR : int —>R, op : R—>R)
(Tp stands for the collection of all types). Elements of this type are exactly the implementations of
the abstract type. For instance, an implementation of AT that realizes R with pairs of integers and
where op is just the “swap” of the two components, can be represented by the following term:
Intlmp = <R = intxint, ¢ = (0,0), makeR = fun(n:int)(n,n), op=fun(p:R) (snd(p), fst(p)) >
A different implementation is the following:
Boollmp = <R = boolxbool, ¢ = (true,true), makeR = fun(n:bool)(n,n),
op=fun(p:R) (snd(p), fst(p))> .
For both, the type system will derive the type assignment Intlmp : AT and Boollmp : AT.
Modules are then represented as abstract types, therefore adhering to some extent to the principle :
() An interface corresponds to a tuple type and any implementation is an object of the
type corresponding to its interface.
The principle founds itself on the obvious ability to model basic modules as tuple types, and we
use it only so far. To assume, further, that subordinate and generic modules should be thought as
objects of the same kind has unpleasant consequences in some circumstances. Indeed, the language
designer well knows that thelatter notions hide much more complicated and dynamic concepts than
the basic modules do. The main troubles come out when one tries to build complex hierachies of
modules, where it could become difficult to express the sharing of some implementation, and,
furthermore, a dependency of a module on another can be lost [MacQueen 86]. Subordinate and
generic modules will then be described as more complex objects, in particular as objects that in
their implemention or interface part (or both, as in case of parametricity) exhibit a functional
behavior.

The translation in kpr:Tp of a (basic) package declaration (that is of a basic module) does not pose

any problem and follows the paradigm () above.
Module A above, therefore, will be translated as (the notation [A] is used informally in this section
for “the translation of A”):
[al=(T:Tp,f: T—int)
and its body A1 will result in an object of type [A]:
[A1 ] = (T=int, f=fun(x:int)x) : [A]
Let us now consider a subordinate module:

compunit E = with A;

pack

let S be private type;

let g be function (m : A.T) return S
end;
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Here a dependency of E on the (known) module A is expressed. Our choice is to express this

dependency by translating this interface as a single tuple type whose first field has to be an object
of type [A]. We have:

[E]l=(y:[a],S:Tp,g:yT—S)
In this way we require that an implementation of a subordinate also contains an implementation of
all the modules it depends on. However, a body for E can be defined before a body for A is

available. For this reason, the translation of a body of E will be a function over implementations of
A. For instance, the translation of the following body of E:

compunit El1 = with A;
body of E is

S = bool;

g = function (m : A.T) return S
is true

end;

will be:
[E1] = fun(a:[a}) (y=a, S=bool, g=fun(m:y.T)true).

As for generics, they are translated as functions of their generic parameters. In this way it is
possible to instantiate both the specification and the body. Furthermore it is possible to model the
instantiation of a generic interface without any reference to the actual implementations.

The translation of the interface of the generic module:

compunit G = generic
v : int
pack
let Q be private type;
let f be function (u:TCi(v)) return Q

end;

will be
[G)=fun (v:int)(Q:Tp,f:[TC,1(v) = Q) :int—>Tp
A body for G:

compunit Gl = generic

v : int

body of G is

Q = bool;

£ function (u:TCi(v)) return Q
is true

ool

end;




will be translated as the following function over integer values:

[G1] = fun(v:int)(Q=bool, f=fun(u : [TCi} (v))true)
The type system will derive for this term

[61] : All(v:int) [G]v
(All(x:A)B is the type of all the functions that for an argument a:A give back a result of type
Bla/x]); note how the expression for the type of [G1] expresses the relation between a generic body
and its specification.
So far so good. The problems come when we start mixing generic and subordinate modules. When
this happens, indeed, these two forms of dependency interact in a subtle way, expecially when
bodies are concerned. As an example of the issues involved here, let us consider the following
case:

with E;
let proj be

function (u:E.S) return int
end;

]

compunit X

compunit J with E;

with K;
generic
x ¢ E.S
pack
let foo be
function (u:TCj(K.proj(x))) return E.S

end;
If we now suppose b to be a value in E . S, we can define a new module by instantiating J:

compunit M = with J;
pack new J(b)
end;

The translation of K, being a subordinate, is easy:

[K] = (e:[E], proj:e.S—int).
Translating J, instead, is not as trivial. Indeed, we must express the dependency of it on E and K,
but still be able to instantiate it without having to explicitly give implementations for them. Our
choice is to translate J as:

[J] = fun(e:[E], k:[K]) (y=¢e, z=k, F=fun(x:y.S)( foo : [TCj](z.proj(x)) ))
and M as:

M) = (wfE], vi[K], ([J]uv).F (b))
Note how the translation expresses, in the fact that [M]:Tp, that the (full) instantiation of a
subordinate generic is a plain subordinate module. It should be obvious that the more are the levels
of dependency — and the more the interactions between subordination and parametricity — the
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more the translation will become complicated. The full rules of section 4 will take care of the
general case.

2 A0 .

p:Tp
The system MOTP:TP is an impredicative, higher order extension of the typed lambda-calculus with
a type of all types, dependent universal (/) and existential (3) types (the latter viewed as labelled

tuples), and a subtype relation between types. The literature is full of similar systems. In particular,
Kpr:Tp is derived from [Cardelli 86] with the addition of generalized tuples and subtypes 2 la

Bounded Fun [Cardelli & Wegner 85].

The formal system consists of four sets of rules (context, typing, subtyping and conversion rules),
given by multiple combined induction. Each set defines a specific judgement, namely, that “a
context I' is well formed” (I' OK), “in context’F term a has type A” (" I-a: A), “in context I'
type A is subtype of type B” (I I- B DA), “in context T, a and b are equal terms of type A” (I l-a
=b : A).

It is convenient to start the description of the system with the grammar for the raw (or pre-) terms:
M = x| Tp Alx:M) MI MM | fun(x:M) M| (x:M, ..., x:M) | (x=M, ..., x=M)| M.x

The rules below will pick up between the raw terms the legal terms (just terms from now on). The
notion of free and bound variables are defined as usual (x is bound in fun(x:M) M, All(x:M) M,
and all the x’s are bound in (x:M, ..., x:M) and (x=M, ..., x=M)). However, that we do not allow
alpha-conversion on tuples, consistently with our choice to adopt a selection by name mechanism
for tuple elimination. For the same reason, we stipulate that the only occurrences of y in a.y are the
occurrences of y in a (thus, for instance, y does not occur in x.y for x a variable).

Substitution is then defined in the usual way, taking care that no free variable is captured in the
process. We use the notation M[N/x] for the result of substituting the term N for the free
occurrences of x in M. We write M[N1/x1] ...M[Nn/xn] for (M[N1/x1]) ... )[Nn/xn].

Context rules Contexts, ranged over by I', are ordered, finite lists of pairs x:M built up
accordingly to the following rules.
Notation: If I'=x1:M1, ..., xn:Mp we set

Dom(I') ={x1,..., Xn}

I'x)=Mj
formation J oK
introduction I' oK T'l-A:T

x¢ Dom(I')

I, x:A oK




T'x)=A T oK
elimination

'-x:A
In the following rules we always suppose the premise: I" 0K

Typing rules

I' ok
Formation-Tp

T |- Tp:Tp

ILx:Al-B:Tp
Formation-All

I'l- Allx:A)B : Tp

I,x:Al-b:B
Introduction-All x ¢ FV(I'(y)) for
T'I- fun(x:A)b : All(x:A)B ally € FV(b)

Fl-b:AlU:AB Tl-a:A
Elimination-All

I'I- ba : B[a/x]

x, & dom(I’, xl:Al, ,xn_l:An_I)
CLEA T o DoxpAgeax AL A, :Tp

n.-
Formation-3

Il (xlel,...,xn:An) : Tp

i (xl: Al,...,xn: An) 1 Tp

Tl-a;A,

Lx Ay, xn_l:An_l[an_z/xn_z]...[al/xl]l- a A fa /x ) lay/x]

X, & FV(an)
Introduction-3
i (Xl" DY Xy an) : (x1 Al’ ........ ,xn:An)
I’I-a:(xlel, ,xn:An)

Elimination-3

ri- ax: Ak[a.xk_l/xk_l]...[a.xllxl]
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Subtyping rules:

'-A:Tp
Reflexivity N
F'-FADA
'-AoD A IxAl-B'oB
Sub-All
I'l- All(x:A")B' o All(x:A)B
Il B1 D A1 r, xlzBl - B2 ) A2 vee o T xl:Bl,...,xn_lan_1 - Bn - A]n
F’XIZAI"“’Xi:Ai -A:Tp ye dom(F,xlel,...,xn:An) 0<izn
Sub-3
Il (xlzBl,...,xn:Bn) - (xl:Al,...,xi:Ai, VA, Xi+1:Ai+1”"’xn:An)
IF'-BoA I'-AoC
Transitivity
I'-BoC
I'-a:A TI-A=B
Conversion
I'l-a:B
T'l-a: A IF'-BoA
Subsumption

I'i-a:B

Conversion rules:
Ix:Al-b:B T'l-a: A

(Eq_p)
['l- (fun(x:A)b)a = bla/x] : Bla/x]
I'l-a;:A, Ik<n
L x A X1 Analag /X ol a/x ] - a Apla o /x 41.a,/x]
(Eq_m)

r |- (x1 =ay,..0X =), = ak[ak-l/xk-l]"‘[al/xl] : Ak[ak-l/xk-l]“‘[al/xl]

Plus rules for making = a congruence.

Notation
) fun(xl:Al,. . .,xn:An)b = fun(xlel). . fun(xn:An) b
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()  blay,....,a) =((ba,)...)a

(i)  (tupling) In the following we will need to syntactically manipulate terms and types. It will be
convenient to have an implicit notation for the “syntactical merging” of two (or more) tuple-types
(and two or more tuples). We stipulate, for this purpose, that if T = (xlle,xzsz,...,xn:Tn) and S
l,...,yi:Si, T,
yi+1:Si+1,...,ym:Sm) — which is not a legal term (actually it is not even a raw term!) — denotes

=(y1:S4-,¥pS,,) are two tuples types, then the expression (yq:S

the type
(yl: Sl,...,yi: Si’ X, Tl’ Xy' T2,..., X! Tn, Yirt: Si+1,....,ym: Sm).
Note that this type is not the same as (yI: Sl,...,yi: Si’ z: T, Yisl: Si+1’”"

additional level of “structure” has been introduced and which is a perfectly legal term by itself.

Yo Sm) where an

A similar convention will be used for tuples. A different way of describing these conventions is to
say that the fields of tuple type (of a tuple) can be freely grouped with parenthesis.

Discussion and properties

This is not the place for an account of the syntactical and semantical properties of mep:Tp. The
interested reader can see [Amadio & Longo 86] for a discussion of a similar language. We limit
ourselves to a few comments on the above rules and to some general remarks.

1. Tuple types are a generalization of the more usual existential types 3(x:A)B (which we would
write (x:A, y:B), for a fresh variable y). In particular, our tuples corresponds to strong existentials
(or strong sums), that is to existentials for which also a first projection is definable in the system.
The tuple notation (especially name selection, rule (Elimination-3)) is handier for the purpose we

aim at, although the rules are perhaps more cumbersome. Rule (Introduction-3), in particular,
appears of towering complexity. It basically expresses that in a tuple (x; =ap,...Xx, =a ), ina

given component a; we can use all the identifiers XseeosX; g 88 abbreviations for (and with the type
of) BTSN P

2. The subtyping relation, defined in a structural way & la Bounded Fun [Cardelli & Wegner 85], is
introduced essentially for dealing with bodies defining more components than their interfaces. This
is the main role of rule (Sub-3).

3. The constant Tp is the type of all types (rule (Formation-Tp)). It is well known (Girard’s
paradox) that this entails the logical inconsistency of the system (that is we cannot soundly interpret
types as propositions and elements as proofs) and the existence of non-terminating terms. The

_ 9

conversion relation is thus undecidable.

4. Since the typing relation “:” is defined by induction on equality (rule (Conversion)), also the
typing relation is undecidable.

5. The reader can wonder, in view of 3 and 4, why choosing Tp:Tp if this property is actually
never used in the translation below. The reason is that without Tp:Tp we would have got only a
heavier system without avoiding 3 and 4! In fact, strong existentials (our tuples) are enough, in the

context of a suitably powerful system, to derive Girard’s paradox [Coquand 86]. As a
11




consequence, without Tp:Tp the typing relation would still be undecidable, while on the other hand
the presentation of the system would have to be given by stratifying the terms in “values”, “types”
and “kinds”, duplicating most of the rules (e.g. [Amadio & Longo 86)).

3 Adina
Let us introduce the subset of the Ada language, Adina, we will deal with. Differently from Ada,
Adina’s compilation units are packages and generics only, subprograms are functions and they can
occur only inside another compilation unit, i.e. subprograms are not compilation unit. The main
purpose to have subprograms as compilation units in Ada is that they can play the role of main,
during the configuration of a program. Such issue is not relevant for our purposes since we are
mainly interested in modelling the real Ada modular constructs, namely the package and the
generic unit. For the same reason only declarations of private types, constants and functions are
allowed in a package specification. Furthermore, the private part of a private type declaration
appears in the body of the package and not as in Ada in the specification part, thus obtaining a real
hiding of the implementation.
As regards Adina scope and visibility rules, they are the same of Ada, except that use clauses have
not been introduced.
We allow the existence of more bodies in correspondence of the same module specification. Like in
Ada, they can have a declarative part which extends the one defined in their interface specification.
Bodies are conventionally denoted by composing the name of the correspondent specification with
an index denoting the order in which they have been produced.
In Adina it is possible to declare a package inside another package while it is forbidden to declare a
compunit package inside another one. In fact, in order to model a module inside another module
we should express it as a subunit. In this case, the translation would be quite cumbersone; the
same argument applies on the restriction Adina imposes on generics, i.e. generic units can occurr
only at top level. Thus we decided to postpone these problems to section 4.2, when we show how
to go from Adina to Ada.
In order to simplify the translation, we assume, as a certain number of Ada compiler do, that a
generic instantiation occur only after all its bodies have been defined. In section 4.2, we will see
how it is possible to relax even this constraint. For the same purpose there is no possibility, for a
body, to rename the with clause of its parent unit.
Let us now introduce the complete syntax of Adina.

Adina Syntax :

<library > ::= compunit < ide > = < definiens > ; < library > |

< definiens > ::= < with clause > ; < definiens > | < simple definiens >

< simple definiens > ::= < package declaration > | < package body > | < generic declaration >
< with clause > ::= with < ide >

12




< package declaration > =

< generic declaration > ::=

< basic declarative item > ;1=

< basic declaration > ;=

< package body > ::=
< definition list > :=
< definition > ;1=

< function specification > ;=

< function body > ::=

< actual parameters list > ;=

< expr> =
<algebraic expr> =

< parameter declaration > ::=

< parameter > =

<type > u=
< type constructor > ::=

<path>:=

pack < basic declarative item > end |
pack new <ide > ( < actual parameters list > ) end

generic < parameter declaration >
pack < basic declarative item > end

< basic declaration> ; <basic declarative item> | < basic declaration >

let <ide > be < type > |

< function specification > |

let <ide > be private type |

let <ide > be pack < basic declarative item > end

body of < ide > is < definition list > end

< definition > ; < definition list > | < definition >

<ide > =< type>| < ide > = < function body > | <ide > = < expr > |
<ide > = < package body >

function ( < parameter specification > ) return <type>

< function specification > is < expr > end

< expr >, < actual parameters list > |
< type >, < actual parameters list > |
<expr>|<type >

<ide > | < path > | < expr > ( < expr > ) | <algebraic expr>
--usual algebraic operations
< parameter > ; < parameter declaration > | < parameter >

<ide >: < type >l <ide > is private type |
<ide > : < function specification >

int | bool | < path > | <ide > < type constructor > ( < number > )
TC, 1 TC, 1 ... TC,

<ide>.<ide >l <ide >. < path >

< parameter specification >::= < ide > : < type >, < parameter specification > | <ide > : < type >

4 The translation

We assume that Adina programs are syntactically correct according to the above grammar and that

names of compilation units and names inside a package are unique. Once this is guaranteed, a

failure in the translation (no rule is applicable or a term resulting from the translation does not

typecheck) means that the source Adina program was incorrect with respect to the configuration

semantics. In this way, the configuration task is completely described in term of the (independently

defined) typing relation, thus meeting the definitional goal we mentioned in section 2.

Given a library, for every compilation unit the corresponding translation rule is compositionally

applied, following the SOS style. At each step the result of the translation is recorded in an

environment until the whole library has been translated.
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4.1  The translation for Adina

Let us introduce a number of auxiliary definitions and notations:
[6)] .

-L, M, N,R rangeon A Tp:Tp SXPIESSIONS,

-a, b, A, B, T rangeon the Adina identifier set,

) w
X, Y, 2, W, t, a, b, A, B, T range on the set of A Tp:Tp

variables,

-V, W, Z range on Adina constructs.

- Constraint list: are lists of couples (&, (x,N)) where x is a variable and N is a term s.t. |- N : Tp.
These lists are used during the translation of subordinate modules, to record the related with
clauses. The intended meaning is that in the current environment (see below) there should be an
association binding A to the type N. Inside the module being translated, any reference to A will be
translated as a reference to x, fresh variable of type N.

& = empty constraint list, C ranges on constraint lists; C[A=(y,M)] denotes the extension of the
constraint list C with the new association a=(y,M). CC' is the concatenation of C and C';
obviously C = C.

- Parameter lists: are lists of couples, (a, N), where |- N : Tp. They are used when translating
generics to record their formal parameters. P ranges on parameter lists.

& = empty parameter list, P[a=M] denotes the extension of P with the new association a=M.

- Environments: are lists of couples (a, (M, C, P)) , E ranges on environments.

0 = empty environment, E[A=(M,C,P)] denotes the extension of the environment E with the new
association A=(M,C,P).

We will make use of three translation functions. The first one,{ }, will be used in the translation of
libraries, the second one,{{ }}, in the translation of definiens and the third one,[ ], will be used to
translate the other Adina constructs; their use will be clear in the following. Let Term be the set of
legal terms of waptTp; the “type” of the translation functions is:

{ } : library — Environment — Environment

{{ }} : definiens — Environment x ConstraintList — Term* x ConstraintList x ParameterList

[1: AdinaTerm — Environment x ConstraintList — Term

A key point in the translation is whether or not a module is subordinate. In the translation this
information is given by the constraint list, C. During the translation of a definiens, indeed, all the
with clauses are accumulated in C, and when the translation of a package is attempted, if C =&
then the module is not subordinate. A similar role is played by the list of parameters P, P = &
being the case when a module is not a generic one. This explains the duplication (and the
complication) of rules 3, 5 and (especially) 6.

Library
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2 {{< definiens >} Vg T NoMy-M,CP n=0

{compunit A = < definiens >;< system >lp=1{< SyStem>}E[Az(N,C,P)]
[Alz(M 1 9C9P)]

[A,~(M,_,C.P)]

We note that, in the above rule, n will always be 0 except when the definiens is a generic
instantiation. In that case we instantiate both the generic interface and its bodies and in the
environment we record all this information. (This will be clearer, of course, when we see the
translation for generic units and their instantiations, rules 6.)

The following rules present the translation of with clauses and the translation of packages, both
basic and subordinate. Note that, in 3 below, Z could be a package, a generic, a generic
instantiation, or a body, possibly preceded by one or more with clauses.

With clauses

3 (basic) [2=~(M,C.2) ] e E
(with &2 Hg o™ UZ g clasy,M)] y fresh
3 (gen) [A~(M,C.P) ] e E P

{(with 2 Z))g o= {{Z))gc

Rules 3 (basic) and 3 (gen) are used in the translation of subordinate modules (package and
generics) and of generic instantiation (we recall that, in Adina, generic instantiations can occur only
at top level). Rules 3 (basic) applies when an imported module is a basic one (that is its parameter
list P is empty). In this case the translation of the subordinate module Z takes place by using the
constraint list C extended with the new association “name of module”=(y,M). On the other hand,
if the imported module A is a generic one (its parameter list P is not empty, rule 3 (gen)) then the
translation of the subordinate module Z uses the same constraint list C of the translation of its with
clauses. This is because, when a generic unit is imported, the only available operation is the
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instantiation, and since an instantiated module is an ordinary one, we think that it is not necessary
to model it as a subordinate module.

Module declaration

4 (comp-unit)

[ Vl ]E,C = Ml .......... [ Vh ]E,C = Mh Cz[Blz(yl,Nl)] ......... [Bkz(yk,Nk)]

{{pack let a, be Vj;...;let a, be Vj end}}p o=
(y].:Nl"'"yk:Nk’al:Ml"“’ah:Mh)’C’g

4 (program-unit)

[pack let a;, be Vy;..;let a, be Vj end]E7C = (al:Ml,...,ah:Mh)

Rule 4 (comp-unit) is applied to a package that is a compunit — so it can be either a basic module
(k=0) or a subordinate one. When this rule is applied to a subordinate module it returns a tuple type
in which all the dependencies from the imported modules are made explicit in the first bindings of
the type.

Rule 4 (program-unit) is analogous to rule 4 (comp-unit) except that it is not the translation of a
compunit, so it does return neither the constraint list nor the parameter list. It is necessary for the
translation of a generic declaration and for dealing with packages defined inside other packages.

Generic declaration
5 (gen basic) [Vi)g,g5 = Mo [Vilg o = Mk [Wlg @ =N

{{generic by :Vii..ibxk:Vig W) g = fun(bl:M1,...,bk:Mk)N,Q,[ble1]...[bk=Mk]

5 (gen sub) Wl]E,C LY § P [VK]E,C = My [W]E,C =N
C= [ =(yp.NpL[By =GNl k21

{{generic by:Vi;.. bk : Vg W }}E,C = fun(xl:Nl,....,xk:Nk)(y1=x1,....,yk=xk,
F= fun(b1:M1,....b:Mp)N), C, [blel]...[bksz]

2 SERR. fresh
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Note, first of all, that in any application of this rule W = pack. . .end and therefore rule 4
(program-unit) will be used for [W]. Rule 5 (gen basic) is the formalization of the intuition about
generics we discussed in section 2. Some more comments are needed for rule 5 (gen sub), dealing
with the translation of subordinate generics and that, at a first glance, seems unnecessarily
complicated. The naive translation of a package like

with A;

generic p:P;

Ww;
is, by analogy to rule 5 (gen basic) (like in section 2 we informally use the notation [A] for the
translation of A) :

fun(p:[PD(a:[2], [W]).
The problem with this approach is that it does not permit the use of the imported module A in the
parameter part of the generics. In other words, if P is A. T, for some type T declared in A (a
situation perfectly legal in Ada and in Adina), there is no way in our attempted translation to
maintain this dependency, since the binding a:[A] occurs only after the binding p:[P]. The only
possible solution is to anticipate the binding for a in a “fun” context, thus giving (in a second
“attempted translation”) fun(a:[a])fun(p:[P])[W]. This is a sound translation; note, however, that
“a” is not a fresh variable, but has to be recovered from the list C as the variable associated to the
name A. This seemed somehow obscure, and the solution has been the one given in the rule, by
which the example above become

fun(x:[A])(x=a, F=fun(p:[P])[W])
where x is fresh, a comes from C, and the “side condition” on the coincidence of the two bindings
is explicitly stated in “x=a”.

Generic instantiation

In order to give the rule for the instantiation of a generic, it is convenient to introduce some more
notation. Let C and C’ be two constraint lists. We will write C\C for the list obtained from C’ by
removing all pairs whose first component appears in C. That is, since compilation units have
unique identifiers, we remove [B=(x,L)] from C’ if there exists [A=(y,M)] in C such that A=B.
Note that this implies also L=M, while x and y, introduced as fresh variables during the translation
of with clauses, will be different. We will need the following selection function :

X if [B=(x,L)]e C"\C
ocne(x) =

y if [B=(x,L)]e C* and [B=(y,L)]e C
We will use ¢ for ccne when the constraint lists are clear from the context. The following two

rules deal with the instantiation of a simple generic unit and a subordinate generic unit,

respectively.
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6 (simple) [a=(M,C',P)]eE {Alz(RI,Cl,Pl)]EE ........... [Anz(Rn, Ch pme E
[Vl]E,C = Npoweeees [Vh]E,C = Ny,
C = [Ay=(y{,Mpl....[A ~(5 . M] k20
C=0

{{pack new A (Vl, ceey Vh) end} }E,C = ( ylel, ...... ,yk:Mk, MN]. ...... Nh ),

inst-gen-body(Rn,C,Cn,N1,....,Nh),
C,0

6 (sub) [A=(M,C',P)]e E [Alz(Rl,Cl,Pl)]e | SR [a =R, CR.PM]eE
[Vl]E,C = Nypeooereene [Vh]E,C =Ny,
C=[a;~(y . Mpl..... (A =Ml k>0
C=[B=(xy.Lpl.... [Bg=(xgLo)] s=1
C\C = [By;=(XipLip]...... [Bi ~(XipLip)]

{{pack new A(V{,...,Vyp) end}}E,C = ( yI:Ml, ...... ,yk:Mk,

inst-gen-body(Rn,C,Cn,Nl,....,Nh),
C, I

Note how in “M(S(xil)...o(xir).FNl ...... N},” the notation introduced for tuples is exploited. The

clauses for the function inst-gen-body will be given below, after the rule dealing with bodies.
Rule 6 (simple) is self explanatory in light of the considerations made in section 2. We discuss the
meaning of rule 6 (sub) and of function ccn\¢ by means of the following example:

compunit A = pack
let T be private type;
let makeT be function (n : int) return T
end;

[A] =(T:Tp, makeT :int — T)
by rule 4 (basic);

compunit B = with A;
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generic
v : A.T
pack
let S be private type;
let g be function (w : A.T) return int;
let f be function (u : TCi(g(v))) return S

end;

[Bl=fun (x : [A])(y =x,F=fun (v:y. T)S: Tp,g:y.T—int, f: [Tci](g(v)) —S))

by rule 5 (gen sub);

compunit D = with A;
with B;
pack new B (A.makeT(3))
end;

[D]=@z:[A},S:Tp,g: zT—sint, f: [Tci](g(z.makeT(3))) —-S)

by rule 6 (sub) and conversion.

The crux is that D depends from A in a double way, namely for the with clause in its definition and
for the with clause in the definition of B. In [D] we have made explicit this dependency only once.
In fact, if we take all the couples of the constraint lists C and C' (without using the difference of
the two, C"\C, and the corresponding function 6cne) the translation would be:
[P] =@z:[a], y:[2),S:Tp,g: y.T—int, f: [TCi](g(z.makeT(3))) - 85)

where there is no way of inferring — or imposing — that y and z have to be the same
implementation of A. '

Bodies

7(basic) [a=(M,C',P)]eE [VllE,CC' = Lpeeeeeeee [Vj]E,CC' = Lj
CC=0 P= g

{{bOdy of A is bl =V1,’ N ,‘bj = VJ end}}E’C=(bl=L1,....,bj=Lj),®,®

7(sub) [A=M,C.P)JeE  [Vilg oo =Ly Vilg,cc =1L
CC=[r1=(y1,MD]......[ax=(yk,MK)] P=0

{{body of A is by =Vy; ... iby = Vj end}}E c=
fun(x1: M. xg: ME(Y1= X150 Yk= XDy = Ll"”’bj = Lj),CC’,®
X oKy fresh
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7(gen-basic) [Aa=(M,C',P)]cE [Vilg cor =Ly Vilg co =14
CC=p P'=[a1=N1i]......[an=Nn]

{{body of A is by =Vi; ... ib =Vj end}}E’Cz |
fun(aj: Ni,.....,ap: Np)(by = Ll’“'"bj = Lj),Q,Q

7(gen'SUb) [Az(M,C',P')]E E [VI]E,CC' = Ll """"" [Vj]E,CC' = Lj
CC=A1~(yLL,MD].....[Ax=(yk,MK)] P'=[a1=N1].....[ah=Nh]

{{body of A is by =Vy; ... iby =Vjend}}g o=
fun(x1:M1,.. X MO 1=X 150 Y=k F=fun(ay:Ny,..... ,ah:Nh)(b1=L1,....,bj=Lj)),
CC, g

LS. fresh

7(program-unit) [Vl]E,C = Lo [Vj]E,C = Lj

[body of A is by =Vji; ... iby = Vj end]E,C=(bl =L1,....,bj=Lj)

Rule 7(basic) deals with a body of a basic module. We have formalized its interface as a type, and
therefore its implementation will be an object of the type corresponding to its interface. Rule 7(sub)
refers to a subordinate package. We have decided to formalize the implementation of such a
subordinate as a function on the implementations of the imported modules. In this way, the
construction of the implementation is forced to follow the same modular technique its specification
has been built with.

Since bodies inherit all the modules imported by their interfaces and can import further modules,
the definitions of a body are translated in a constraint list resulting from both the with clauses of the
body (recorded in C), and the constraint list C' (corresponding to the with clauses of its interface).
The two cases 7(gen-basic) and 7(gen-sub) refer to the body of a generic unit. Since we have
modelled a generic interface as a function, it is obvious to consider also its implementation as a
polymorphic function. This function has to be parametric with respect to the generic parameters —
in the case of a simple generic unit (case gen-basic) — and also to the implementations of the
imported modules, in the case of a subordinate generic unit.
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We can now give the clauses for the function inst-gen-body(M,C,C’,Nl,...,Nh), that we used

in rule 6. The definition is by cases on C and C'. The instantiation of the body of a subordinate
generic unit is translated as a polymorphic function parametric with respect to the implementations
of the imported modules. The instantiation of a simple generic unit will be the application of the
corresponding function to the results of the translations of the actual parameters.

inst-gen-body(M,@,@,Nl,...,Nh) = MNj..... Ny
inst-gen-body(M,C,@,N1,...,Nh) = fun(xl:Ml,‘..,xk:Mk)(y1=x1,...,yk=xk,MN1....Nh)

ifC= [Alz(yl,Ml)]....[Akz(yk,Mk)] k=1, Xy peeesXy are fresh

k

inst-gen-body(M,C,C',N1,...,Nh) = fun(zle1,...,zk:Mk,wi1:Lil,...,wir:Lir)
(y1=zl s YT = Wi - X = Wi
Mo(xy)...0(xg).FNy... Ny)
ifC= [Alz(yl,Ml)]....[Akz(yk,Mk)] k=0
C= [B1z(x1,L1)]....[Bsz(xS,LS)] s=1
C\C = [Bs =(xip,Lip)....[Bi .=(XipLip)]

XXy and wiy,...,wj, are fresh

The following rules deal with last, non problematic features of Adina.

Type
8.1 [private typelp c=1Tp
8.2 A=(x,M)e C

[A.B1.Bp... By .Tlg c =x.B1.B2... Bk.T k=0
8.3 A=(x,M)e C

[A.B1.By....Bx.Tlg ¢ =A.B1.B.. Bi.T k>0
8.4 [int]g ¢ =int [bool]g ¢ = bool

[TCi] =TG

In 8.4 we have assumed the existence in ?\.(DTP:TP of enumerable terms TG, : int—>Tp.

Function declaration

9 [Vilg c=M1 ... [Vklg =Mk [Wlg c=M

21




[function (aj;:Vy, ..., ay:Vg) return Wig ¢ = (@1:My,...,.ax:Mp)—M

Expr
10.1 [VIgc=M Wlgc=M
[VW]E,C =MM'
10.2 [A]E,C =A  for an identifier A
Function body
11 Wl]E,C =M1.oeuene [Vk]E,C = Mg [W]E,C =M [Z]E,C =N

[function (a;:Vy,...,ay : Vi) return W is Z end]E c= fun (a;:M7q,....,ap:MpN

4.2 Discussing how to remove some Adina restrictions

In this section, we present how to model some of the Ada constructs that we did not introduce in
Adina because they would have made the translation given in section 4.1 too cumbersome. This,
in essence, may be seen as a deficiency of the expressive power of lep:Tp' Although it is
suitable to model the main configuration constructs of Ada it is not flexible enough when
considering more sophisticated notions like subunits.

In the following, we deal with subunits, generics and generic instantiations as program units and
not only library units. Finally, we show how to cope with generic interface instantiations before
all the generic bodies are provided.

« Starting from subunits let us see how to introduce the notion of subunit in Adina: an interface A
declares a package B whose body is defined as a szub in the body of A;
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compunit A = pack
let T be private type;
let £ be function (x:int) return T;

let B be pack
let Q be private type;

end;
end;

compunit A, = body of A is

T = TC4(5);

f = function (x:int) is A : T; A(l)= x; return A end;
B, = body of B is separate;

end;
compunit B, = body of B separate from A is
Q = int;.

end;

A suitable translation of A is the usual existential type:

A=(T:Tp,f:int—>T,...,B:(Q:Tp,...), ...) where also the interface B has been translated as
an existential type. »

Let us now see how to traduce the body B1. From within B1 it is possible to refer to all the
elements defined in A which preceed the definition of B. Thus in B1 there can be references to T or
f etc., therefore the way we translate B1 is the usual one except that the translation is not a closed
term but it can contain free references. This means that its typing will be correct only if performed in
a context which contains the appropriate information, that is a context in which all the free variable
become bounded. Taking this approach results in a revision of the translation clauses which deal
with package specification. In fact, if a package specification contains another package specification
it is necessary to record that part of the context which could be used when translating the separate
bodies of the nested package.

Let us now consider the translation of Al. The natural way of translating it is like a function
parametric with respect to subunit bodies. In the above example it would be something like

[A1l] = fun (b: [B]) (T= [TCj(5)], f=1fun ..., Bl=b, ...) where the translation of B, [B], has to be
extracted and recorded when translating A. Now this translation can be performed only if we do not
allow in Al to refer to objects of B. Otherwise, in general, it is not possible to perform the
translation of Al independently from the body B1. To make this point clearer we use the following

example:
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A = pack
B is pack T is private type end;
f is function (v: T) return T ;

end;

body of A is

body of B is separate;

f = function (v: T) is 2?27 return

.
o7

end;

[Ev]
J
=)

It is clear from the example that it is not possible to translate A1 unless it is not available the body of
B which defines the actual implementation of the private type T. Note that this specific problem
arises in Adina but not in Ada where the actual implementation of a private type is contained in the
specification with the explicit purpose of facilitating separate compilation..

Finally we mention the fact that in Ada it is possible for a subunit to refer to the extra context
defined in the enclosing body. Also in this case we could model this situation by explicitely

recording the extra information and then use it when translating the subunit bodies to bound its free
references.

Now we can turn to the problem of the restriction about defining generics inside other compilation
units. The main problem here is related to the instantiation. In the example below we show that the
way we have formalized generic modules and their instantiations does not permit to model a
generic inside another module because we were not able to type, in the object language, the
resulting expression.

Let us consider the following example:

pack A is

let T be private type;
let B be generic

n : int

pack B is

£f:TET;

g : TC(n) ET

end;

with A;
pack C is new A.B(3)

end;
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The translation of A is obvious since A is a basic module, i.e A = (T : Tp, B : All(n:int)(f: T— T,
g: TC(n) —» T)).

Note that we have modelled generics as functions thus, in order to formalize B as a type in A, we
had to transform the function equivalent to the translation of B in a type, and precisely in the type
of the expression corresponding to its implementation.

The translation of C, following the rule 6, willbe: C =(y : A, f: T = T, g:TC(3)->T).

This expression is not typable because, following the formation rule for the existential types, we
would obtain that in I'ly : A], T — T has type Tp, in other words, that T has type Tp.

But in the environment T, the association of T to Tp is only present into A, hence we cannot derive
that T has type Tp, so we cannot find a type for A. This fact happens because we cannot express in
C references to B in terms of A, exactly as it happens for the subunit bodies. Instead, when the
generic units appear at the top level, we can translate their instantiations like if a module that
imports a generic would inherit its with clauses. For example:

pack A is

let type T is private;
mkt : int — T

end;

with A;
generic

n : int
package B is
£f «+ AT = A.T;
v : TC(n) EA.T

end;

with B;

package C is new B(3) end

Also in this case a reference to C is in effect a reference to A, as in the above example; but now it is
easily modelled. In fact, the translation of C will be: C =(y : A, f: y.T - y.T, g: TC(3) — y.T)
that is typable. We have only to derive from I'[y : A] that y.T— y.T has type Tp, and hence that
y.T : Tp, that is obviously true.

If we take an approach like the one proposed for subunits, then we can model generic
instantiations as non closed terms which will correctly type check only in an context extended with
the information preceeding the generic declaration. Note that in this case the exact Ada semantics
for generics is modelled since a generic body has to be evaluated in the declaration environment

and not in the instantiation environment.
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Now let us model the generic instantiations removing the constraint, imposed in section 3, which
allows the instantiation of a module to be performed only after all its bodies are defined.
In order to remove such constraint, a “new” environment is introduced; in it we can record the

information necessary to instantiate the generic bodies defined after an instantiation of a generic
unit.

This information is:

1) the name of the generic unit ;

2) the name of the compilation unit corresponding to the instantiated module;

3) actual parameter list;

4) constraint list of the generic interface;

5) constraint list of the instantiated interface.

This information is recorded in the new environment, when the instantiation of the generic
interface occurs; then the instantiations of the bodies can take place as presented in section 4.1. As
regards the bodies that were not defined yet when their interface was instantiated, we must give a
new translation rule to cope also with their instantiations. This means that the translation rule for
the bodies becomes more complex. It must be verified if in the new environment there exists an
instantiation of the generic package whose body is going to be translated, if this is the case, the
instantiation of the body has to be provided by using the information recorded in the new
environment; obviously this instantiation will be analogous to that we have already seen in section
4.1 thus we refer to the corresponding rule.

At this point, it is clear that the formalization in MDTp'Tp of more complex constructs of Ada, can

be provided at the expense of making the translation rules less direct and less natural.

It is worth noting that in our case we have to express any dependency in an explicit way, see e.g.
the translation of subunits, another difficulty arises from the fact that we allow more bodies to
correspond to the same interface, which is indeed quite a natural situation when dealing with real
systems development.

In this respect the capability of guaranteeing that an implementation is shared among several
module is a problem that cannot be easily dealt directly in our object language. This problem will
be discussed in the next section when discussing the use of SML as object language; in fact this
language can very naturally treat the sharing problem.

5. Comparison with Standard ML
Standard ML is a well known functional programming language [Harper et al. 86, Harper 86]. It
exhibits a polymorphic, predicative type system in which a parametric type is assigned to values.

In such a system, types are not values, although the user can define them and assign them a name.
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An important part of the language is the module system (originally proposed in [MacQueen 85])
that allows the incremental construction of programs by using the crucial notion of structure.
A structure can be seen as an encapsulated environment, where values, types or structures are
assigned to names. A structure is not a value; it is a second level object (like a non polymorphic
type). What can be considered to be the “type” of a structure is its signature, listing the identifiers
bound inside the structure together with their types. It should be clear that signatures play the role
of interfaces for structures, that can be thought of as their implementations.
An example of structure is the following:

structure S = struct

type T = int ;

val v:T = 0
end;

Its signature will be

signature SS = sig

type T;
val v:T
end;

Composition of structures is achieved by using functors, that is maps from structures to structures.
An example is:

functor F (S:8S):88 =

struct
type T = S.T*5.T;
val v = (S.v,S.v)
end;

There is no notion of signature for a functor.

A peculiar feature of the ML’s structuring of programs is the possibility of explicitly modelling in
the type system the sharing of the same piece of information among different modules.

The functor definition, indeed, allow to express that some components of their input structures
have to be the same. Since structures can be components of other structures, it is possible to
guarantee, when describing the system interconnections, that a certain module has to be shared
between several structures.

The module system of Standard ML is a work of rare elegance. It is deeply consistent with the
other features of the language; it imposes a natural way of structuring a program; it can be
described with a clear type system and a formal semantics; it allows the configuration of a program
essentially in the same way it allows the writing of a single piece of code.

Our aim in this section is not, therefore, to judge the language as a configuration tool, but, instead,
to verify what can be described of the Ada (Adina) mechanisms, with its peculiarities and
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idiosyncrasies. Once again, we take an experimental stand, trying to better understand Ada’s
features by describing them in a different language.

We will informally describe the translation of the various constructs; a formal definition of the
translation could be obtained along the lines of the previous section.

5.1 Basic modules

Basic modules are easily and soundly modelled by using the notions of structure and signature.
The following basic interface:

compunit A = pack
let T be private type;

let f be function (x : T) return int;
end;
will be translated in ML as:
signature A = sig
type T;
val f:T->int
end;

If the body of A is the following:

compunit Al = body of A is

T = int
f = function (x : T) return int is x;
end;

its translation in ML becomes :

structure Al : A = struct
type T = int;
fun f x = x
end;

Like in ?”prTp’ structures can have more components than their signatures (non-coercitive

matching), thus allowing bodies with more components than their interfaces.

An important point of the SML module system is that signatures have to be closed (“no signature
may contain free references to identifiers that are neither locally declared within the signature nor
pervasive system primitives”, [Harper 86]).

A signature, S, may refer only those signatures whose structures are substructures of the structure
whose interface is S; thus it is not easy to model the situation in which a module is defined within

28




another module. In fact, a substructure X of a structure Z, in SML, is a structure whose interface

has to be explicitly imported by Z.

5.2 Subordinate modules

The (essential) dependency of a structure S on the structure T is expressed in SML by making T a
substructure of S (that is T has to be declared inside S or they have to be both declared in the same
structure. This is mandatory, for the signature closure rule, when the signature of S refers to the
signature of T. The translation of Adina subordinates then can goes along the same lines of the
translation in kpr:Tp. All the modules imported (by with clauses) by A will be expressed as

substructures of the structure for A. The following interface:

compunit E = with A;
pack
let S be private type;
let g be function (m : A.T) return S
end;

is translated as:

signature E = sig
struct a:A;
type S;
val g:a.T—>S
end;

The translation of the body of a subordinate module, instead, has to be given with more care. The
point is, once again similarly to wap,Tp, whether a body for the imported is available. The right

choice seems to model subordinate bodies with functors, thus delaying the need for the bodies of

the imported interfaces. In this assumption, the translation of:

compunit El1 = with A;
body of E is

S = bool;

g = function (m : A.T) return S
is true

end;

is the functor;

functor E1 (x:A):E = struct

structure a=x;

type S=bool;
fun g (m:a.7T) = true
end;

29




5.3 Generic modules

Dealing with Ada generics in the context of SML is not as simple as the previous cases. Two
points here make the difference. The first one is that, in Ada, we can instantiate generics interfaces
and refer to the resulting modules as if they were simple modules. The second is that a value of any
type can be the parameter of a generic. Both this features are problematic in the context of SML. In
this language, indeed, parametricity of a structure on another is expressed by means of functors,
that, we recall, are maps from structures to structures. There is no proviso for maps from values to
structures (as needed for the second problem above) nor for maps returning a signature (as
required for the first one). The reason for this lies in the very core of the SML type system. Its
predicarivity, indeed, makes impossible for a functor to return a signature, and the absence of
dependent types makes impossible for a functor to have values as arguments (in SML there is no
even dependent type constructors like Adina’s TCs). This is consistent with the SML modular
philosophy, but imposes a cumbersome translation for Adina.

First of all, we have to express the interface of a generic as composed of two signatures; a first one
(SigPar, say) containing only the generic parameters declarations and a second one (Sig)
defining all the components declared in the package. Since Sig (and not only structures of
signature Sig) has to refer to the components of SigPar, it has to declare a substructure whose
signature is SigPar. In conclusion, a generic interface is translated as if it were a pair of modules,
one of which is subordinate of the other. Note, however, that for absence of dependent type
constructors, the dependence of Sig on SigPar that we are able to express are very limited,
amounting only to type parameters, like in the following example:

compunit G = generic
T is private type;
pack
let f be function(u : T) return T
end;

which is translated as;

signature G_SigPar = sig
type T;
end;
signature G_Sig = sig
structure G _Par : G_SigPar;
val £ : G Par.T -> G_Par.T
end;

Note, now, that we cannot instantiate this interface by providing a specific type. Instantiation is
possible only at the level of structures, where we will be able to apply a functor. A generic body
can then be translated as a functor taking a structure of signature SigPar and returning a structure
of signature Sig. The following body of G:
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compunit Gl = generic
T is private type;
body of G is
f = ..
end;

gives rise to the functor:

functor Gl (x_Par : G_SigPar) : G_Sig =
struct
structure G_Par : G_SigPar = x_Par;
val £ = .. ‘
end;

The instantiation is modelled by applying the functor G1 to a structure of signature G_SigPar. In
this way it is possible to model only the body instantiation since the instantiation of an interface
would have implied to have a signature as the result of the functor application. The problem of
instantiating a generic before its body is defined cannot be even stated in this framework.

Furthermore, since functors obey a coercitive matching rule, the result of a functor application is a
structure which contains only the components defined in its signature. There is then no way to
preserve an extra component, with respect to the signature, possibly present in the body.

5.4 Subordinate Generics
Apparently, the translation of subordinate generics is only a matter of assembling; the translation
of an interface like (A is like in 5.1):

compunit C = with A;
generic
S is private type;
pack
f = S->A.T
end;

will be the two signatures:

signature C_SigPar = sig
type S;
end;
signature C_Sig = sig
B structure C_Par : C SigPar;
structure a:A;
val £ : C Par.S —> a.T
end;

where, in the second, the with clause is represented with the insertion of a substructure of
signature A. An implementation of C will be a functor which takes as input a structure of signature
C_SigPar (corresponding thus to its parameters) and a structure of signature A.
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What is implicit in the limitations discussed in the previous section is that there is no way of
expressing a dependency like the one discussed after rules (5) in section 3, where the imported
module is used in the parameter part of the generic.

5.5 Discussion

The above sections should have made manifest that the translation of Adina into SML is possible
only under additional, sometimes strongly limitative, constraints. The main motivation lies in the
different modular philosophy the two languages are based on. The principal role in SML is played
by the structures and the signatures are only their types; on the contrary, in Ada the main modular
construct is the interface, the bodies being secondary elements. On the other hand, SML is suitable
for modelling the fact that pieces of information are shared among structures. The sharing problem
does not explicitely arise in the Ada language, but this is mainly a problem of its supporting
environment. In Ada, indeed, there is no notion of more bodies for a certain interface, i.e.
references to the same interface share always the same (unique) body. The possibility of choosing
different bodies is retrieved at the environment level, where a notion of “version” of a body may
exist. Thus the responsability of choosing — and therefore possibly sharing — the same body in a
given configuration is demanded to the linking operation. As for Adina, the situation is slightly
different, since we have allowed at the language level the existence of several bodies for an
interface. This extension, however, do not provide for linguistic constructs dealing with them, to
be used, for instance, to specify when a certain body has to be shared. This is a direction for

further work, but we explicitly note here that, under the hypothesis of such linguistic constructs,
the object language Kw is not enough for dealing with them, as it is. This is essentially due to

two factors: i) there do not exist in A® Tp:Tp CONCEPLS like “type equalizers” ; ii) the way we have

modelled generic instantiation (coherently with the Ada semantics) does not require the existence of
the bodies of the imported modules.

6. Conclusions

In this work we have presented a description of the Ada configuration constructs in the HOTFUL
mep:Tp' As anticipated in the introduction, our work was both definitional and experimental. In
this section we discuss the result of our work in the above two perspectives.

From the point of view of the definitional work, our aim was to provide a formal description of the
Ada configuration constructs, which has been completely done only for the (significant) subset
language Adina. The motivation related to why it has not been possible to carry out the translation
for the full Ada constructs becomes a matter which can be properly discussed only when dealing
with the experimental counterpart of our work. Thus as regards the definitional aspect of our work

we will consider only the Adina translation. In this respect, we can certainly say that the attempt
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has been successful; the translation of the single configuration constructs is quite natural and
conveniently reflects the different role each constructs play in the configuration process. For
example, the distinction between dependent and generic (interface) modules is well reflected in
their modelling, being the former an existential type statically dependent from the imported
modules, and the latter a function, dinamically dependent on its parameters, whose result is a basic
module. The translation of the whole system is somewhat heavier, but also this aspect reflects the
fact that the management of a program library, is not difficult in itself but requires a wide
manipulation of environments to make all the “stuff” properly working.

From the experimental point of view our work is interesting on both sides, that is it gave rise to a
number of considerations on both the adequacy of the used formal system and on the design of the
Ada configuration constructs. In this analyses takes a role also the attempt we have done, in section
5, by using a different formal system.

Let us first discuss the main limitation to Ada we have in Adina.

In Adina it is not possible to have a declarative part in a body definition like it happens in Ada. This
is direct consequences of the formal system we use. The problem is related to the fact that the
declarative part of a function, in Ada, can, in principle, be separated from its body, i.c. a
declaration does not imply a definition at the same point. This happens in Ada with the obvious
intention of allowing mutually recursive definitions. Let us now examine what could happen if we
try to model such a situation inside a body.

pack A

let T be private type;

let f be function (n: int) return T
end;

Al=body of A is
T=int;
let g be function (m:int) return int;
f = fun(n:int) g(n);
g = fun(n:int) n+1
end;

Now the problem is how to translate Al:
Let us examine some possibility in order to illustrate the point:
[Al] = (T=int, g=int int, f = fun(n:int). g(n)

[Al] = (T=int, tg=int int, dg: tg, f=fun(n:int). dg(n), dg= fun(n:int) n+1))
This obviously cannot be written since there is a type binding, dg: tg, in a tuple object.
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[Al] = (T=int, g= fun(n:int) n+1, f = fun(n:int). g(n))

In this case it is possible to express A1 because in the translation we have rejoined declaration and
definition and postponed it after the definition of f. If g were defined in term of f this would not
have been possible.

Thus unless we do not forbid the introduction of mutually recursive definition it is not easy to deal
with the translation of a declaration in a body separately from its definition. In fact, in Adina it is
possible to introduce new objects but only by means of their definition.

Another interesting point to discuss is related to the shift of information, we made in Adina, of the
private type implementation in the body and not, as it is in Ada, in the interface specification.
Apparently, there should not be any consequence from the semantics point of view. On the
contrary as we discussed in section 4.2, this choice has an impact on our capability of modelling
bodies of units which contain a subunit. Again, something that in Ada seemed to exist only for
efficiency purposes, has in effect, a deeper meaning from the semantics side.

The last remark introduces the discussion about the Ada configuration constructs. As it emerged
from time to time, several restrictions and tortuousities in the translation are direct consequences of
the intented Ada configuration semantics.

*************Ls Seguenti nelle COI]CIUSiOni?? ke sk sk sk sk sk sk ok ok o sk ok ke sk ok ek ok o ok ok ofe ke

The above considerations again stresses the difference between the modular philosophy the two
languages pursue. In our opinion it is not convenient to attempt a comparison between their
expressive “power” in itself but they have to be compared in light of the particular situation one has
to model.
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