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Abstract. The need to use position-dependent parameters often ham-
pers the definition of flexible, extensible, and reusable abstractions for
software composition. This observation has led us to explore the concept
of forms, which are first-class extensible records and that, in combination
with a small set of purely asymmetric operators, provide a core language
to address this issue. One interesting application of forms is the defi-
nition of contractual specifications to ensure that a component can be
safely combined with other components or deployed in a new context. In
fact, contractual specifications explicitly and formally state what a com-
ponent offers without entering into the details of how. In this paper, we
develop a formal form-based framework for the definition of contractual
specifications. More precisely, we study a substitution-free variant of the
lambda-calculus, called λF , where names are replaced with forms and
parameter passing is modeled using explicit contexts and show how the
λF-calculus can be used to define syntactic contractual specifications.

1 Introduction

Modern software systems are constantly growing in complexity and size. More-
over, in order to timely adapt to changing requirements those systems have to
be designed in a way that software evolution becomes feasible. The component-
oriented software development approach targets exactly this aspect and has be-
come the most promising software development technology today [19, 23, 28].

A successful component-based software development approach, however, not
only needs to provide abstractions to represent different component models
and composition techniques, but must also provide a systematic method for
constructing large software systems [4, 16]. In particular, we need a specially-
designed composition language that allows for building applications as compo-
sitions of reusable software components [24]. This language, which should be
extensible, has to provide abstractions to instantiate, coordinate, and compose
components that are generally developed in different implementation language.
Furthermore, to guarantee flexible, reliable, and verifiable software composition,
such a composition language has to be based on a suitable formal foundation [8,
14, 20, 24]. A precise semantics is essential if we are to deal with multiple archi-
tectural styles and component models within a common, unifying framework.
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There are several plausible candidates (e.g., λ-calculus, π-calculus, or vari-
ants of them) that can serve as a computational model for component-based
software development. Unfortunately, they often hamper the definition of gen-
eral purpose compositional abstractions, as they impose dependence on position
and arity of parameters [9, 25]. For example, in the standard λ-calculus the func-
tions λ(x, y).x and λ(y, x).y are equivalent, but λ(x, y).x and λ(y, x).x
are different, as position matters in λ-calculus. Moreover, if we use de Bruijn in-
dices [11], then names disappear totally, as arguments to functions are uniquely
identified by their positions. Thus, if we abstract from position and use instead
the parameter names as keys functions like λ〈x, y〉.x and λ〈y, x〉.x become
indistinguishable.

This observation has led us to explore the concept of forms [13, 15, 24]. Forms
are first-class extensible records that define mappings from labels to values,
which, in combination with a small set of purely asymmetric operators, provide
a core language to define extensible, flexible, and robust compositional abstrac-
tions. Programmatically, forms are both compile-time and run-time entities. As
compile-time entities, forms can be used to denote components, component in-
terfaces, and component composition. At run-time, on the other hand, forms
provide uniform and language-neutral access to component services and support
runtime composition on demand.

Originally, forms were an integral part of the πL-calculus [13], a conserva-
tive extension of the π-calculus, that already provides better support for mod-
eling concurrent component-oriented abstractions [13, 24]. However, forms are
not bound to a particular computational model. They are an environment-
independent framework that has to be combined with a concrete target system
like the λ-calculus or the π-calculus.

In this paper, we study a substitution-free variant of the λ-calculus, called
λF , where names are replaced with forms and parameter passing is modeled us-
ing explicit contexts. Explicit contexts mimic λ-calculus substitutions. However,
unlike λ-calculus in which substitutions are meta-level operations [1], explicit
contexts have a syntactic representation to record named parameter bindings.

The design of the λF-calculus is greatly influenced by Dami’s λN -calculus [9,
10] that is also a calculus in which parameters are identified by names rather than
positions. However, there are two significant differences. First, in the λN -calculus
an application is split into two different parts: an expression a(l = b), called
bind expression, passes the value b under the name l to a; an expression a!, called
close expression, ends a sequence of bind expressions and forces the evaluation of
a. A shortcoming of this approach is that binding expressions cannot be pooled
into an additional structure or used to encode monadic communication patterns,
which occur in rendezvous-based protocols like HTTP. For example, the λN -term
a(l = b)(m = c)! denotes an expression a! in which the parameters l and m
are bound to their corresponding values b and c. Moreover, a(l = b)(m = c)
actually stands for two distinct closures a(l = b) and ((a(l = b))(m = c)),
each requiring a separate interaction with the environment. In λF , on the other
hand, we write a 〈〉〈l = b〉〈m = c〉 instead of a(l = b)(m = c)!. Here, the form
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〈〉〈l = b〉〈m = c〉 is a structured argument that can be consumed in one interac-
tion.

Secondly, rather than using an informal meta-level operation to substitute
formal parameters with actual ones, we use explicit contexts [1, 3]. These explicit
contexts have a syntactic representation based on forms. In practice, contexts
explicitly record named parameter bindings and provide an environment to re-
solve the occurrences of free variables in a λF-term. For example, the term a[b]
denotes an expression a, which is evaluated with respect to the context [b].
That is, all occurrences of free variables in a are resolved using form b. Thus,
the context [b] expresses the requirements posed by the free variables of a on
the environment [18]. In other words, if we close the component a by composing
it with a concrete environment or component b, then a[b] denotes a composite
component, where the services provided by b are used to satisfy the required
services of a.

On the other hand, explicit contexts also allow for the definition of (syntactic)
contractual specification [5]. Contractual specifications are used to ensure that
a component can safely be combined with other components or deployed in a
new context. Ideally, all conditions of a contract should be stated explicitly and
formally as part of an interface specification [26]. The information contained in a
contract should tells us what a component offers without entering into the details
of how it is implemented. For example, let T, S be form-based type expressions.
We write T [S] to express that we can close T by composing it with S. However,
since this composition denotes a contractual specification, we must check now
that the services provided by S satisfy the required type of T .

The remainder of this paper is organized as follows: In Section 2, we present
the λF-calculus. We proceed by using λF to specify syntactic contracts in Sec-
tion 3. We conclude with a summary of related and future work in Section 4.

2 The λF-Calculus

The primary objective of the definition of the λF-calculus is to study the effect
of replacing variables by forms in λ-calculus. So, we maintain a clear separation
between the syntactic categories of forms and λF-terms. The linkage between
expressions of both categories is modeled through a refined characterization of
the set of values.

Next, the question arises how to handle best substitution? In the classical
λ-calculus we write a{b/x} to denote the term a where all free occurrences of b
have been replaced with x. However, substitution in λ-calculus is a very expensive
term-rewriting operation, which actually does not belong to the calculus [1].
We address this issue by using explicit contexts [1, 3], which have a form-based
syntactic representation. Explicit contexts are used for both forms and λF-
terms and they provide, therefore, a uniform way to resolve occurrences of free
variables.
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We presuppose a countably infinite set, L, of labels, and let l,m, n range
over labels. We also presuppose a countably infinite set, V, of abstract values,
and let a, b, c range over abstract values. We think of an abstract value as a
representation of any programming value like integers, objects, types, and even
forms. However, we do not require any particular property except that equality
and inequality be defined for elements of V. We use F,G, H to range over the
set of forms, and M,N to range over the set of λF-terms. The syntax of the
λF-calculus is given in Figure 1.

F, G, H ::= 〈〉 empty form
| X form variable
| F 〈l = V 〉 binding extension
| F ·G form extension
| F\G form restriction
| F → l form dereference
| F [G] form context

V ::= E empty value
| a abstract value
| M λF − value

M, N ::= F form
| M.l projection
| λ(X) M abstraction
| M N application
| M [F ] λF − context

Fig. 1. Syntax of the λF-Calculus.

Forms are used to denote both components and component composition. The
services that a component offers are specified as binding extensions. A binding
extension, written 〈l = s〉, denotes a component’s capability to perform a service
s that is published under the name l. For example, we write F.a to invoke the
service that is bound by label a in component F.

The expressive power of forms is due to the two asymmetric operators: form
extension and form restriction. Form extension, written F · G, allows one to add
or redefine a set of services simultaneously, whereas form restriction, written F\G,
can be seen as a dual operation that denotes a form, which is restricted to all
bindings of F that do not occur in G. In combination, these operators provide the
main building block in a fundamental concept for defining adaptable, extensible,
and more robust software abstractions [13, 16, 24]. For example, suppose we want
to compose two components F and G, but we want to give a specific service of
F bound by label m precedence over a service bound by the same label m in
G. This operation represents a compositional style [2] that defines a conditional
update, which can be specified using both form extension and form restriction:
F · (G\〈〉〈m = F.m〉). Depending on the actual services defined by the components F
and G, we can distinguish three different situations covered by F · (G\〈〉〈m = F.m〉):

• If the label m occurs neither in F nor G, then the label m does not occur in
the composition of F and G.
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• If the label m does not occur in F, but in G, then G’s binding for label m occurs
in the composition of F and G.

• If the label m occurs in F, then F’s binding for label m occurs in the compo-
sition of F and G.

Forms can also occur as values in binding extensions. These forms are called
nested forms and they facilitate the specification of structured component inter-
faces. To extract a nested form bound by a label l in a form F, we use F → l.
Note, however, that if the binding involving label l does not actually map a
nested form, then the result of F → l is 〈〉 – the empty form. The reason for this
is that we want to distinguish between components, which offer a set of services,
and component services themselves.

A form context F[G] denotes a closed form expression that is derived from F
by using G as an environment to look up what would otherwise be free variables
in F. We use form dereference to perform the lookup operation. That is, a free
variable is reinterpreted as label. For example, if X is a free variable in F and [G]
is a context, then the meaning of X in F is determined by the result of evaluating
G → X. In the case that G does not define a binding for X, the result is 〈〉, which
effectively removes the set of provided services associated with X from F. This
allows for an approach in which a sender and a receiver can communicate open
form expressions. The receiver of this open form expression can use its local
context to close (i.e., configure) the received form expression according to a site-
specific protocol, but may also chose to ignore it (e.g., the configuration of a
Web-browser to run an application associated with a specific MIME-type).

Forms and projections replace variables in λF . A form stands for an explicit
namespace [3] or module [12], which can comprise an arbitrary number of pro-
vided services. The form itself can contain free variables, which will be resolved in
the deployment environment or evaluation context. In other words, free variables
in a form expression allow for a computational model with late binding.

With projections we recover variable references of λ-calculus. We require,
however, that the subject of a projection denote a form. For example, the mean-
ing of F.l is the value bound by label l in form F. A projection a.l, where a is
not a form yields E , which means “no value”.

Both abstraction and application correspond to the notions used in λ-calculus.
As in λ-calculus, the X in λ(X) a stands for the parameter. But unlike λ-calculus,
we do not use substitution to replace free occurrences of this name in the body
of an abstraction. Parameter passing is modeled by explicit contexts.

A λF-context is the counterpart of a form-context. A λF-context denotes
a lookup environment for free variables in a λF-term. Moreover, λF-contexts
provide a convenient mechanism to retain the bindings of free variables in the
body of a function. For example, let λ(X) a be a function and [F] be a creation
context for it. Then we can use [F] to build a closure of λ(X) a. A closure is a
package mechanism to record the bindings of free variables of a function at the
time it was created. That is, the closure of λ(X) a is λ(X) (a[F]).
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As a first example, consider the Church encoding of Booleans. In the standard
λ-calculus Booleans are encoded using position-dependent parameters:

True = λtrue.λfalse.true

False = λtrue.λfalse.false

Not = λarg.λtrue.λfalse.arg false true

These encodings have the desired property that the application (Not True)
yields False. But they lack extensibility, that is, the possibility to add new
functionality without effecting the previous behavior of the encodings [9]. On
the other hand, the encodings in λF are extensible, as we eliminate position
dependency:

True = λ(X) X.true

False = λ(X) X.false

Not = λ(B) λ(V) B V〈true = V.false〉〈false = V.true〉

These encodings are equivalent to there λ-calculus counterparts. However,
all functions are now characterized by the arguments they are effectively using
and not by the ones they declare. The application (Not True) yields:

Not True = λ(V) B V〈true = V.false〉〈false = V.true〉 [〈〉〈B = True〉]

which is equivalent to False, as illustrated in the following:

False 〈〉〈true = a〉〈false = b〉
= X.false [〈〉〈X = 〈〉〈true = a〉〈false = b〉〉]
= (〈〉〈true = a〉〈false = b〉).false
= b

Similarly, it holds that

(Not True) 〈〉〈true = a〉〈false = b〉
= (λ(V) B V〈true = V.false〉〈false = V.true〉 [〈〉〈B = True〉])

〈〉〈true = a〉〈false = b〉
= (True V〈true = V.false〉〈false = V.true〉) [〈〉〈V = 〈〉〈true = a〉〈false = b〉〉]
= True 〈〉〈true = b〉〈false = a〉
= X.true [〈〉〈X = 〈〉〈true = b〉〈false = a〉〉]
= (〈〉〈true = b〉〈false = a〉).true
= b

We use denotational semantics to formalize the interpretation of forms and
λF-terms. The underlying semantic model of forms is that of interacting systems
[17]. Informally, the interpretation of forms (that is, their observable behavior)
is defined by an evaluation function [[]]F , which guarantees that feature access
is performed from right-to-left [15]. The reader should note, however, that in
contrast to standard records, a given binding may not be observable1 in a form
and, therefore, may not be used to redefine or hide an existing one.
1 A binding is not observable if it cannot be distinguished from E or 〈〉. For example,

the forms 〈〉〈m = E〉, 〈〉〈m = 〈〉〉, and 〈〉 are all considered equivalent.
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Form composition may yield form expressions in which many of their bindings
have become inaccessible due to extension or restriction. Those bindings can be
garbage collected. Garbage collecting inaccessible bindings of a form F yields
a so-called normalized form F containing solely observable binding extensions.
In other words, form normalization yields an expression that is isomorphic to
a classical record. However, we still maintain position independency. That is,
〈〉〈l = a〉〈m = b〉 and 〈〉〈m = b〉〈l = a〉 are behaviorally equivalent. Moreover, it
holds that for every form F that there exists a normalized form F , such that
F is behaviorally equivalent to F , written F ≈ F . We use F ,G, H to range
over the set, F , of normalized forms, which is the smallest set that satisfies the
specification given in Figure 2. There exists an algorithm, called normalize,
that can generate a behaviorally equivalent normalized form F for every given
form F [15].

F ::=

{
〈〉
〈〉〈l1 = v1〉〈l2 = v2〉 . . . 〈ln = vn〉 n > 0

∀ i, j ∈ {1 . . . n} ∧ i 6= j : li 6= lj and ∀ i ∈ {1 . . . n} : vi 6= E ∧ vi 6= 〈〉

Fig. 2. Normalized Forms.

The meaning of a λF-term depends on its deployment context. A deployment
context is represented by a normalized form. We write [[a]]LF [H] to evaluate
the λF-expression a in a deployment context H. For example, we can use the
encoding of Booleans as shown above to build a deployment context B. This
context defines three bindings: True, False, and Not:

B = 〈〉〈True = λ(X) X.true〉
〈False = λ(X) X.false〉
〈Not = λ(B) λ(V) B V〈true = V.false〉〈false = V.true〉〉

We can use B to evaluate (Not True) 〈〉〈true = a〉〈false = b〉, written

[[(Not True) 〈〉〈true = a〉〈false = b〉]]LF [B],

which yields

apply ([[(Not True)]]LF [B], B) 〈〉〈true = a〉〈false = b〉
= b.

The evaluation rules for forms and λF-terms are shown in Figure 3.
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Form evaluation:

[[〈〉]]F [H] = 〈〉 (f-empty)

[[X]]F [H] = 〈〈H → X〉〉 (f-var)

[[F 〈l = V 〉]]F [H] = ([[F ]]F [H])〈l = [[V ]]V [H]〉 (f-bind)

[[F ·G]]F [H] = ([[F ]]F [H]) · ([[G]]F [H]) (f-pbind)

[[F\G]]F [H] = ([[F ]]F [H])\([[G]]F [H]) (f-pres)

[[F → l]]F [H] = 〈〈([[F ]]F [H]) → l〉〉 (f-deref)

[[F [G]]]F [H] = [[F ]]F [normalize (([[G]]F [H]) · H)] (f-context)

Value evaluation:

[[E ]]V [H] = E [[a]]V [H] = a [[M ]]V [H] = [[M ]]LF [H]

Form normalization:

[[F ]]F [H] = normalize ([[F ]]F [H]) (f-norm)

λF-evaluation:

[[F ]]LF [H] =

{
v if F ≡ X ∧ v = [[ H.X ]] 6= E
[[F ]]F [H] otherwise (lf-form)

[[M.l]]LF [H] = [[ ([[M ]]LF [H]).l ]] (lf-proj)

[[λ(X) M ]]LF [H] = λ(X) (M [H]) (lf-abs)

[[M N ]]LF [H] = apply M N H (lf-app)

[[M [F ]]]LF [H] = [[M ]]LF [normalize (([[F ]]F [H]) · H)] (lf-context)

Projection evaluation (F̂ = [[F ]]F [H] and Ĝ = [[G]]F [H] for some H ):

[[ (〈〉).l ]], [[ a.l ]], [[ E .l ]]

[[ (λ(X) (M [H])).l ]]

}
= E

[[ (F̂ 〈m = V̂ 〉).l ]] = [[ F̂ .l ]] if m 6= l

[[ (F̂ 〈l = V̂ 〉).l ]] =

{
V̂ if V̂ ∈ V
E otherwise

[[ (F̂ · Ĝ).l ]] =

{
[[ Ĝ.l ]] if [[ Ĝ.l ]] 6= E ∨ 〈〈Ĝ → l〉〉 6= 〈〉
[[ F̂ .l ]] otherwise

[[ (F̂\Ĝ).l ]] =

{
E if [[ Ĝ.l ]] 6= E ∨ 〈〈Ĝ → l〉〉 6= 〈〉
[[ F̂ .l ]] otherwise

Form dereference evaluation (F̂ = [[F ]]F [H] and Ĝ = [[G]]F [H] for some H ):

〈〈〈〉 → l〉〉 = 〈〉

〈〈(F̂ 〈m = V̂ 〉) → l〉〉 = 〈〈F̂ → l〉〉 if m 6= l

〈〈(F̂ 〈l = V̂ 〉) → l〉〉 =

{
〈〉 if V̂ ∈ V
normalize V̂ otherwise

〈〈(F̂ · Ĝ) → l〉〉 =

{
〈〈Ĝ → l〉〉 if [[ Ĝ.l ]] 6= E ∨ 〈〈Ĝ → l〉〉 6= 〈〉
〈〈F̂ → l〉〉 otherwise

〈〈(F̂\Ĝ) → l〉〉 =

{
〈〉 if [[ Ĝ.l ]] 6= E ∨ 〈〈Ĝ → l〉〉 6= 〈〉
〈〈F̂ → l〉〉 otherwise

Fig. 3. Evaluation Rules.
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The operator apply is the heart of the λF-evaluation process. It actually
implements a lazy evaluation mechanism. The reason for this is that the first
argument (i.e., the operator) may not yield a closure.

The λF-operator apply is defined as follows:

apply M N F =

cases [[M ]]LF [F ] of

G : [[N ]]LF [ [[F · G]]F ] (c1)

a : a ([[N ]]LF [F ]) (c2)

E : E (c3)

λ(X) (M ′ [H]) : [[M ′ [H]]]LF [ 〈〉〈X = [[N ]]LF [F ]〉 ] (c4)
end

The first rule states that if the operator, denoted by M , evaluates to a (nor-
mal) form expression G, we evaluate the argument N in a new extended context

[[[F · G]]F ], where G defines a local refinement of F . Consider, for example, the
following evaluation

〈〉〈True = λ(X) X.true〉 (True 〈〉〈true = a〉〈false = b〉)
= (True 〈〉〈true = a〉〈false = b〉)[ 〈〉〈True = λ(X) X.true〉 ]
= (λ(X) X.true) (〈〉〈true = a〉〈false = b〉)
= (〈〉〈true = a〉〈false = b〉).true
= a

Here, the form 〈〉〈True = λ(X) X.true〉 provides a proper environment that al-
lows for the evaluation of the expression (True 〈〉〈true = a〉〈false = b〉) in a
meaningful way. This approach is similar to way the so-called sandbox expres-
sions are handled in the Piccola-calculus [2]. When evaluating a sandbox ex-
pression A;B the term left to the semicolon defines a root context or controlled
environment for the right-hand side agent. However, A in A;B may not evaluate
to a form. In this case the agent A;B is stuck and identified with E .

The second rule defines the evaluation of a system-depended expression, that
is, when the operator M evaluates to an abstract value a. The actual meaning of
a lies outside the λF-calculus. Therefore, the target system is responsible for the
proper handling of the expression a ([[N ]]LF [F ]). We have chosen this approach,
rather than using ⊥ (i.e., undefined), because the meaning of a ([[N ]]LF [F ]) is
not really undefined, but merely our knowledge about it is incomplete.

The third rule defines error propagation. If the operator (i.e., M) evaluates
to “no value”, the whole expression has no value. It will simply be discarded.

The fourth rule states that if operator M evaluates in context [F ] to a closure
λ(X) (M ′ [H]), then the body of the closure (i.e., (M ′ [H])) is being evaluated
in a new context [〈〉〈X = [[N ]]LF [F ]〉]. Thus, actual parameters are passed to a
functions as bindings in the evaluation context.

To illustrate the λF-evaluation process, consider the following example. To
simplify the presentation, we assume that both F1 and F2 do not contain any
free variables:
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[[F1 (λ(X) (λ(Y) Y) X) F2]]
LF [〈〉]

= apply F1 ((λ(X) (λ(Y) Y) X) F2) 〈〉 (lf-app)

= [[(λ(X) (λ(Y) Y) X) F2]]
LF [[[〈〉 · F1]]F ] (c1)

= [[(λ(X) (λ(Y) Y) X) F2]]
LF [F1] (f-norm)

= apply (λ(X) (λ(Y) Y) X) F2 F1 (lf-app)

= [[((λ(Y) Y) X [F1])]]
LF [〈〉〈X = [[F2]]

LF [F1]〉] (c4)

= [[((λ(Y) Y) X [F1])]]
LF [〈〉〈X = F2〉] (lf-form)

= [[(λ(Y) Y) X]]LF [[[([[F1]]
F [〈〉〈X = F2〉]) · 〈〉〈X = F2〉]]F ] (lf-context)

= [[(λ(Y) Y) X]]LF [[[F1 · 〈〉〈X = F2〉]]F ]

= [[(λ(Y) Y) X]]LF [F1〈X = F2〉] (f-norm)
= apply (λ(Y) Y) X (F1〈X = F2〉) (lf-app)

= [[Y [F1〈X = F2〉]]]LF [〈〉〈Y = ([[X]]LF [F1〈X = F2〉])〉] (c4)

= [[Y [F1〈X = F2〉]]]LF [〈〉〈Y = F2〉] (lf-form)

= [[Y]]LF [[[([[F1〈X = F2〉]]F [〈〉〈Y = F2〉]) · 〈〉〈Y = F2〉]]F ] (lf-context)

= [[Y]]LF [[[(F1〈X = F2〉) · 〈〉〈Y = F2〉]]F ]

= [[Y]]LF [(F1〈X = F2〉)〈Y = F2〉] (f-norm)

= [[Y]]F [(F1〈X = F2〉)〈Y = F2〉] (lf-form)
= F2 (f-norm)

The above example illustrates that keyword-based parameter-passing can
effectively be modeled with form-based explicit contexts (e.g., [〈〉〈X = F2〉]).
Actual function arguments are encoded as bindings in the form that represents
the current context.

In λF , forms take the role of λ-calculus variables. But is it possible to embed
the λ-calculus in λF itself? Assume, for example, a closed λ-calculus term M .
Then the embedding of M into λF is given by the translation [[M ]] as specified
below:

[[x]] = x.arg
[[λx. M ]] = λ(x) [[M ]]
[[M N ]] = ([[M ]] 〈〉〈arg = [[N ]]〉)

Here, λ-calculus variables are encoded as projections, which extract the ac-
tual value. The encoding of abstractions maps a position-dependent function to
a position-independent functions, whereas the encoding of application builds a
form expression for the λ-term in argument position.

Unfortunately, a simple translation of a λ-calculus term does not neces-
sarily yield a position-independent λF-term. Suppose we want to specify a
recursive function definition (e.g., the length function for lists) of the form
f = λx.{body containing f}. That is, we want to write a function where the
term on the right-hand side of the = uses the very function that we are defining.
To solve this problem, we define a function g = λf.λx.{body containing f}
and a function h = (fix g), where fix is the applicative-order fixed-point com-
binator

fix = λf.((λx.f (λy.(x x) y)) (λx.f (λy.(x x) y)))
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Now, we can translate (fix g) into λF , but the result would still be position-
dependent, since the sub-term (λx.f (λy.(x x) y)) forces a position-depen-
dent order on g’s arguments. In particular, [[g]] is a λF-function that has to
be applied to a “self-replicator” (i.e., the fixed-point) before it can consume
any additional arguments. Further analysis reveals that in order to achieve a
position-independent encoding of (fix g), we need to be able to convert g into
an equivalent “uncurried” function, which can consume the self-replicator and
any additional arguments at the same time. But the application of g in term
(λx.f (λy.(x x) y)){f/g} does not allow this. We solve this problem by ap-
plying f later. That is, we move the application of f underneath the innermost
abstraction: λx.λy.(f (x x) y). We observe now that f has become a function
that takes two arguments. Replacing the sequence of arguments with a structured
argument (i.e., uncurrying f) yields the desired effect that the self-replicator and
any additional arguments are consumed at the same time. We call a fixed-point
operator with this property late applicative-order fixed-point combinator, which
is defined as

fixL = λf.((λx.λy.(f (x x) y)) (λx.λy.(f (x x) y)))

The encoding2 of fixL into λF is as follows:

[[fixL]] = λ(f) [[(λx.λy.(f (x x) y)) (λx.λy(f (x x) y))]]
= λ(f) [[(λx.λy.(f (x x) y))]] 〈〉〈arg = [[(λx.λy(f (x x) y))]]〉
= λ(f) (H 〈〉〈arg = H〉)

where H = λ(x) λ(y) (f.arg 〈〉〈arg = (x.arg 〈〉〈arg = x.arg〉)〉
〈〉〈arg = y.arg〉)

By further analyzing the expression H, we notice that a form expression of
the kind 〈〉〈arg = X.arg〉 is the same as X. Thus, we can rewrite H as follows:

H = λ(x) λ(y) (f.arg 〈〉〈arg = (x.arg x)〉 y)

In the next step, we use the fact that f.arg actually has to denote a position-
independent function, which can consume all arguments in any order at once:

H = λ(x) λ(y) (f.arg y〈arg = (x.arg x)〉)

Thus, a position-independent applicative-order fixed-point combinator in λF ,
written FIX, can be defined as follows:

FIX = λ(Fun) (H 〈〉〈self = H〉)
[〈〉〈H = λ(Fix) λ(Args) (Fun.f Args〈self = (Fix.self Fix)〉)〉]

The ability to define the fixed-point operator FIX in λF suggests that it
should be possible to embed arbitrary λ-terms in the λF-calculus. However, a
simple translation of a λ-term into a λF-term does not guarantee a position-
independent result. A more detailed study of embedding λ-calculus into λF is
part of future work.
2 In the encoding of fixL, the term H is still position-dependent, but the application

of the recursive function, denoted by Fun.f, is not.
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3 Contractual Specifications

The contractual specification of component interfaces has to guarantee that a
component can be safely combined with other components or deployed in a
new context. Ideally, all conditions of a contract should be stated explicitly and
formally as part of an interface specification. The information contained in a
contract should tell us what a component offers without entering into the details
of how it is provided. Beugnard et al [5] have identified four levels of component
contracts:

• Syntactic contracts to specify data type compatibility,
• Behavioral contracts to specify pre- and postconditions invariants,
• Synchronization contracts to specify constraints in concurrent contexts, and
• Quality-of-service contracts to specify quantitative properties like maximum

response time.

Each of these four levels is important, but in this paper we focus only on
syntactic contracts.

Consider, for example, the following code written in C#-like language:

using System;

public class OneMinute : MarshalByRefObject {
public override ILease InitializeLifetimeService() {

ILease lease = base.InitializeLifetimeService();

lease.InitialLeaseTime = TimeSpan.FromMinutes(1);

return lease;

}
}

This code defines a class OneMinute, which can be used to instantiate .NET
Remoting [21] objects with a lease time of one minute. OneMinute is derived from
MarshalByRefObject, a .NET class that enables access to objects across appli-
cation domain boundaries. The .NET Remoting infrastructure is an abstract
approach to support interprocess communication. The .NET lifetime service as-
sociates a lease with each remotely activated object and after the lease expires,
the object is removed from the system. The system assigns a default lifetime to
each Remoting object, but the user can redefine the default by overriding the
method InitializeLifetimeService. In the case of OneMinute, the lease will
expire after one minute.

Now, we can represent the class OneMinute as a λF-term using the ap-
proach of Lumpe and Schneider [16]. The behavior of the class OneMinute can
be captured by ∆OneMinute denoting the incremental modification defined by
this class:

∆OneMinute =
λ(I)〈〉〈 InitializeLifetimeService =

λ() ((I → super).InitializeLifetimeService 〈〉)
〈InitialLeaseTime = (TimeSpan.FromMinutes (〈〉〈value = 1〉))〉
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The term (I → super).InitializeLifetimeService 〈〉) implements the call
to the inherited method InitializeLifetimeService, which returns a lease
form. The binding InitialLeaseTime is then overridden to set the lease time to
one minute. To create the class OneMinute, we use the abstraction Class that
when applied to an appropriate model generator for C# yields a class builder
for C#-classes. We use CSharpClass to denote this class builder and apply it
the both the super class MarshalByRefObject and the incremental modification
∆OneMinute to construct OneMinute:

OneMinute = CSharpClass (MarshalByRefObject〈∆ = ∆OneMinute〉)

Suppose now that we would like to verify the correctness of this definition
without excessive dependencies on the features imported from the System names-
pace. Based on a static analysis of this code, we might express what it provides
as the following form, where values are type expressions:

P = 〈〉〈OneMinute = () → 〈〉〈InitializeLifetimeService = () → ILease〉〉

that is, a default constructor called OneMinute, which yields an instance of
OneMinute that understands at least the InitializeLifetimeService method,
which returns a lease object that implements the interface ILease. We can, how-
ever, say even more about the assumptions this definition places on its environ-
ment. In particular, instances of OneMinute will safely provide their services if
and only if the environment (i.e., the namespace System) satisfies the following
requirement:

R =
〈〉〈MarshalByRefObject = () → 〈〉〈InitializeLifetimeService = () → ILease〉
〈ILease = 〈〉〈InitialLeaseTime = TimeSpan〉〉
〈TimeSpan = 〈〉〈FromMinutes = (〈〉〈value = Integer〉) → TimeSpan〉〉

that is, the environment System, denoted by R, has to provide suitable defini-
tions for the types MarshalByRefObject, ILease, and TimeSpan. In particular, the
class MarshalByRefObject must define a default constructor and has to provide
a method InitializeLifetimeService, which returns a value that implements
the ILease interface. Furthermore, it is required that the ILease interface must
define a virtual field InitialLeaseTime that can be assigned a TimeSpan struc-
ture, which has at least a suitable FromMinutes method.

Thus, we can say that System denotes the required type, which expresses
the requirements posed by the free variables of class OneMinute. If we close
OneMinute by composing it with an environment or component like System,
written P [R], we must then check whether the services provided by System
satisfy the required type of OneMinute.
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4 Conclusion and Future Work

In this paper, we have presented the λF-calculus, a substitution-free variant of
the λ-calculus in which names are replaced with forms and parameter passing is
modeled using explicit contexts. The λF-calculus, like Dami’s λN , is a calculus
in which parameters are identified by names rather than positions. Position-
independent parameter specification allows for the development of extensible,
flexible, and reliable component-based application. The resulting flexibility of a
form-based programming model can also be seen, for example, in XML/HTML
forms [30], where fields are encoded as named (rather than positional) parame-
ters, in Python [29] and Common Lisp [27], where functions can be defined to
take arguments by keywords, and in Perl [31] where it is a common technique
to pass a map of name/value pairs as arguments to a function or method.

The definition of explicit contexts is inspired by the work of Achermann’s
Piccola-calculus [2] and the work on explicit substitutions by Abadi et al [1].
Substitution, as used in the classical λ-calculus, is actually a meta-level concept
and not part of the language. By making it part of the language, Abadi et al
argue that we can achieve a better correspondence between the language theory
and its implementation.

However, Abadi et al do not address the problem of position dependency. In
fact, explicit substitutions use de Bruijn indices [11] to correctly map parameters
to their actual values. The resulting operational semantics of substitutions is not
trivial and makes it cumbersome to trace the actual effects of them. On the other
hand, forms provide a convenient way to record parameter bindings in a small
and expressive framework.

We can use the λF-calculus to define (syntactic) contractual specifications.
Contractual specifications raise explicitly the confidence level in the develop-
ment of applications involving third-party components. The fundamental pur-
pose of a contractual specifications is to prevent the occurrence of run-time errors
while executing a component-based program, that is, contractual specifications
should impose a well-balanced set of constraints to enforce the correctness of a
component-based application. However, the verification process of contractual
specifications must be defined in a way such that the programmer can easily
predict whether a contract is satisfiable or not [6]. That is, a contract should
be defined in a manner that the reasons why the verification of it has failed are
self-evident.

The key challenge of the design of contractual specifications will be the proper
characterization of incomplete system knowledge and the definition of the veri-
fication rules for both form extension and form restriction. The form extension
operator is similar to asymmetric record concatenation [7, 22, 32] and takes two
forms and returns a new form in which the bindings of the argument forms are
merged. The specific nature of this operation makes it hard to find a suitable
type assignment. Some type systems [7, 32] cannot assign a type to this operator
at all. In type systems that incorporate a subsumption rule the form extension
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operator requires an additional set of constraints that limits the number of appli-
cable subtypes. Early results from recent work in this area [13, 18] indicate that
the definition of a suitable component type system will go beyond “traditional”
type theories.
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Langages et Modèles à Objets ’97, pages 61–76, Roscoff, October 1997. Hermes.
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