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ABSTRACT
Maple’s evaluator, together with a feature that is usually
known as the assume facility, is a combination of modules
with specialised reasoning capabilities. These modules are
identified, their interfaces are specified, and their interplay
is reconstructed as Constraint Contextual Rewriting (CCR),
a powerful form of conditional rewriting that incorporates
the services provided by a decision procedure. Finally we
show how Maple’s evaluation process can be strengthened
by borrowing ideas from CCR.

1. INTRODUCTION
As computer algebra and automated reasoning both study
problems in the domain of symbolic computation, there is
ample scope for cross-fertilisation. Computer algebra sys-
tems are already used by theorem provers as libraries of very
efficient algorithms to carry out sophisticated computations
in algebraic domains [5, 8, 4]. Yet, the cross-fertilisation
between the two fields can be pushed further.

The subject of this paper is the reconstruction of Maple’s
evaluator and its assume facility, introduced by Weibel and
Gonnet [10] to solve inconsistencies arising from rules like√
x2 = x. This rule is wrong unless x ≥ 0. Removing the

rule makes the simplifier correct, but also less powerful. The
assume facility provides a way out of the dilemma: it main-
tains a context which enables the user to specify properties
of terms, and the rule is applied to an expression

√
a2 only

if a ≥ 0 can be derived from the context.

The notion of context plays also a key role in Constraint
Contextual Rewriting (CCR, for short) [2, 3]. CCR is a
powerful form of conditional rewriting which incorporates
the services provided by a decision procedure. In CCR con-
textual information is stored and manipulated by the de-
cision procedure whose interface functionalities are neatly
specified in an abstract way. CCR is at the core of the sim-
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plifier of RDL [1] a fully automatic theorem prover for the
quantifier-free fragment of first-order logic with equality.

The generality of the integration schema employed in CCR
promotes its reuse. Indeed, in this paper we show that
Maple’s evaluation process can be recast in CCR. At the
same time we illustrate how Maple’s evaluation process can
be strengthened by borrowing ideas from CCR.

The added value of recasting Maple’s evaluation process in
CCR is manifold:

• Maple’s evaluation process is described as a set of co-
operating reasoning modules with neatly specified in-
terfaces.

• It is suggested that properties of user defined functions
should be declared rather than programmed.

• CCR provides a mechanism to extend the scope of
the reasoning specialist called augmentation. We show
that, by suitably adding augmentation to Maple’s eval-
uation process, a stronger form of evaluation can be
obtained.

• Last but not least, Weibel and Gonnet’s property rea-
soner is made available to the automated reasoning
community.

2. MAPLE’S EVALUATOR AND THE
ASSUME FACILITY

The assume facility is used by Maple’s symbolic evalua-
tor and simplifier. The evaluator can be invoked manu-
ally by calling Maple’s function eval, the simplifier through
simplify. Both call the property reasoner to resolve branch-
ing problems, and to enable transformations that are not
generally valid. In the following the focus is on the inter-
play between the evaluator and the property reasoner.

Maple’s evaluation process results from the tight combina-
tion of three specialised reasoning modules:

• the Evaluator,

• the Property Reasoner, and

• the Solver.
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Figure 1: Dependencies between Maple’s reasoning
specialists

The interplay between the modules is depicted in Figure 1.
The database contains user-supplied assumptions as well as
built-in knowledge about the predefined functions.

2.1 Evaluator
Maple’s evaluator is implemented as a set of mutually re-
cursive functions with an evaluation function fe for every
function symbol f . In order to evaluate f(t1, . . . , tn), fe is
called with arguments t1, . . . , tn. The function fe typically
does some analysis on the arguments, evaluates them recur-
sively, and assembles the results in a suitable way. It may
also return the unevaluated expression f(t1, . . . , tn). This
occurs, for instance, when a + b is evaluated where a and
b are symbols, as this expression cannot be simplified. A
suitable model of evaluation of an expression is a top-down
phase followed by a bottom-up phase.

An evaluation function fe can, in principle, call arbitrary
functions. This facility is used especially to evaluate expres-
sions or to ask the property reasoner to check whether some
condition holds in the current context. Table 1 shows a
few of the simplifications performed by Maple’s square root
function. It uses signum, the sign function for real and com-
plex expressions, to decide whether its argument is negative
or not in the current context.

2.2 Property Reasoner
Maple’s assume facility is centred around the semantics no-
tions of objects and properties. The former comprise Maple’s
objects of computation, e.g., the real number π or the square
root function

√
x, the latter are sets of objects, e.g., the in-

terval [0,+∞) or the set of continuous functions. Objects
and properties have their syntactical counterparts in object
and property terms respectively.

The set of object terms comprises the usual mathematical
expressions, e.g. sin(x + π

2
) and

∫
exdx, with their usual

interpretation. Property terms are either

(i) atomic symbols denoting basic properties, e.g. real,
positive, monotonic,

(ii) expressions of the form (l, r), [l, r), (l, r], and [l, r]

where l and r are either object terms denoting numbers
or the symbols −∞, +∞, or

(iii) are built out of simpler property terms using the con-
structors ¬, ∧, and ∨.

Since property terms denote sets of objects it is natural to
interpret them in terms of a Boolean algebra, i.e. a comple-
mented lattice with a top 
 (the set of all objects), a bottom
⊥ (the empty set of objects), a partial ordering � (set inclu-
sion), and the induced lattice operators ∧ (set intersection)
and ∨ (set union). Here are examples of facts in this al-
gebra: positive � real, (positive ∧ real) � positive,
((−∞, 0] ∨ [0,∞)) � real, and (positive ∧ rational) �
[0,∞). If t and p are an object term and a property term
respectively, then we say that t has property p, in symbols
t : p, if and only if the object denoted by t is in the set of
objects denoted by p.

The context of Maple’s evaluator is a set of assumptions of
the form t : p. The context is updated via the commands
assume(t, p) and additionally(t, p) whose effect is that of
adding t : p to the current context.1 The main function-
ality of the assume facility is to determine whether t has a
property p in the current context and it is accessible via the
query is(t, p).2

The features of the assume facility we have described so
far already support simple forms of reasoning. For instance
they can determine that a : real holds in a context con-
taining the assumption a : positive. However, they reveal
their weakness when it comes to more elaborated forms of
reasoning. For instance it is not possible to establish that
a ∗ a : positive follows from a context containing a : real.
What is missing in this case is the knowledge about the
relation between the properties of the operands of the ∗ op-
eration and the property of the returned value. Maple solves
this problem by associating property functions to the func-
tion symbols occurring in objects terms.

Given a function symbol f , a property function associated
with f is a procedure f̄ that maps tuples of properties into
properties such that

(P) f(t1, . . . , tn) : f̄(p1, . . . , pn) for all object terms t1 :
p1, . . . , tn : pn.

In order to determine whether the term f(t1, . . . , tn) has
property p in a context C ⊇ {t1 : p1, . . . , tn : pn}, the prop-
erty reasoner simply checks whether f̄(p1, . . . , pn) � p. If
the check succeeds then a positive answer is returned. The
situation is a bit more involved when the property reasoner is
asked to determine whether a term φ[t1, . . . , tn] built out of

1The only difference between the two commands is that
assume deletes all previous assumptions about t from the
context, whereas additionally leaves them untouched.
2For the user’s convenience, single, boolean-valued expres-
sions are allowed as arguments to assume and additionally;
these commands are treated as equivalent to ones with two
arguments. For instance, assume(a ≥ 0) has the same effect
as assume(a, [0,+∞)).
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Simplification Preconditions
Static Evaluated Solved by is

sqrt(x2n) = xn n positive integer signum(x) = 1

sqrt(x2n+1) = xnx
1
2 n positive integer signum(x) = 1

sqrt(x2n) = (−x)n n positive integer signum(x) = −1

sqrt(x2n+1) = (−x)ni(−x) 1
2 n positive integer signum(x) = −1

signum(xn) = 1 n even number Im(x) = 0 x �= 0
signum(xn) = signum(x) n odd number Im(x) = 0
signum(x) = 1 x : real, 0 < x
signum(x) = −1 x : real, x < 0
signum(x) = 0 x : real, x = 0
signum(x) = normal( x

abs(Im(x))
) i does not occur in x Re(x) = xr, Im(x) = xi abs(Im(x)) = 0

Re and Im occur xr = 0, abs(Im(x)) �= 0
neither in xr nor xi

Table 1: Some simplifications performed by Maple’s functions sqrt and signum.

multiple function symbols and the terms t1, . . . , tn has prop-
erty p in a context C ⊇ {t1 : p1, . . . , tn : pn}. In this case,
the following general properties of property functions are
used together with property functions to compute a prop-
erty p0 such that φ[t1, . . . , tn] : p0.

a � b =⇒ f̄(. . . , a, . . .) � f̄(. . . , b, . . .)
f̄(. . . , a ∨ b, . . .) = f̄(. . . , a, . . .) ∨ f̄(. . . , b, . . .)
f̄(. . . , a ∧ b, . . .) � f̄(. . . , a, . . .) ∧ f̄(. . . , b, . . .)

A final check p0 � p determines the answer returned by the
property reasoner. For some f full ∧-distributivity, i.e.

f̄(. . . , a ∧ b, . . .) = f̄(. . . , a, . . .) ∧ f̄(. . . , b, . . .)
holds. If the strong form holds for all functions occurring in
φ, then p0 is the least property of t in the current context.

The built-in domain knowledge used by the property rea-
soner consists of

• the partial order � on basic properties,

• equations in the property lattice,
e.g. rational ∨ irrat = real, and

• property functions that evaluate properties.

It is worth pointing out that this knowledge, with exception
of the partial order on properties, can only be extended by
modifying parts of Maple.

2.3 Solver
When the property reasoner is asked to determine whether
t : p but t contains terms whose properties are not available
in the current context, then the solver is invoked in order to
find one or more terms equivalent to t built out of the terms
whose properties are explicitly stored in the context. For
instance, if x− 1 : [0,∞) and y − 1 : [0,∞) are available in
the context and the property reasoner is asked to determine
whether x+2 ∗ y− 3 : [0,∞), the solver is invoked with the
effect of reformulating x+2∗y−3 into (x−1)+2∗(y−1). It is
then an easy task for the property reasoner to conclude that

(x−1)+2∗ (y−1) : [0,∞) and hence that also x+2∗y−3 :
[0,∞) holds.

Gonnet’s original design [10] of the solver is based on Maple’s
general solver. A later implementation (Maple version V, re-
vision 4) uses a special-purpose solver that, among others,
contains linear programming as a decision procedure for lin-
ear arithmetic. The present work is based on Gonnet’s orig-
inal design.

3. CONSTRAINT CONTEXTUAL
REWRITING

This form of conditional rewriting maintains a context,
which may be restricted to a subset of the language used
by the rewriter. Care has to be exercised to distinguish ex-
pressions admissible to the context and to the rewriter.

Let Σ, Π (possibly subscripted) denote finite sets of func-
tion and predicate symbols (with their arity), respectively.
A signature is a pair of the form (Σ,Π). V (possibly sub-
scribed) denotes a finite set of variables. A (Σ, V )-term
is a term built out of the symbols in Σ and the variables
in V in the usual way. A (Σ,Π, V )-atom is either an ex-
pression q(t1, . . . , tn) where q ∈ Π and ti is a (Σ, V )-term
(i = 1, . . . , n) or one of the propositional constants true and
false denoting truth and falsity respectively. The usual def-
initions of formula, clause, literal as given in textbooks on
mathematical logic, e.g., [9], and those of substitution and
position in an expression, e.g., as given in [7], are assumed.

If a is an atom, then â abbreviates ¬a and ¬̂a stands for

a. If Q is a set of literals, then Q̂ abbreviates {q̂ : q ∈ Q},
Q =⇒ p abbreviates the clause Q̂∪ {p}, and

∧
Q stands for

a conjunction of the literals in Q.

If φ is a formula and Γ is a set of formulae, then φ is a
logical consequence of Γ if and only if Γ |= φ, where |= de-
notes entailment in classical predicate logic with equality. A
(Σ,Π, V )-theory is a set of (Σ,Π, V )-formulae closed under
logical consequence. If T is a theory, then Γ |=T φ abbrevi-
ates T ∪Γ |= φ. φ is T -satisfiable if and only if there exists a
model of T ∪{φ}, and T -unsatisfiable otherwise. φ is T -valid
if and only if φ is a logical consequence of T or, equivalently,
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if and only if φ ∈ T .

It is convenient to model the functionalities provided by the
reasoning modules by means of contextual reduction rela-
tions. Given two sets of expressions C and E , a contextual
reduction relation is a ternary relation :: −→

�
⊆ C×E ×E

enjoying the following two properties:

Reflexivity: c :: e −→
�
e for all c ∈ C and all e ∈ E ,

Transitivity: if c :: e −→
�
e′ and c :: e′ −→

�
e′′, then c :: e −→

�

e′′ for all c ∈ C and all e, e′, e′′ ∈ E .

In the following, two theories Tc and Tj of signature (Σc,Πc)
and (Σj ,Πj) respectively are considered, s.t. Σc ⊆ Σj , Πc ⊆
Πj , and Tc ⊆ Tj . The objective will be to simplify (Σj ,Πj)-
expressions using a decision procedure for Tc.

3.1 Reasoning Specialist
According to the usual definition, a decision procedure for
Tc is a procedure which takes a (Σc,Πc)-formula as input
and returns a ‘yes-or-no’ answer indicating whether the in-
put formula is Tc-satisfiable or not. Unfortunately, although
simple and conceptually elegant, this definition is seldom ad-
equate in practical applications. Efficiency considerations
require the procedure to be incremental, i.e. capable of pro-
cessing parts of the input problem as soon as they become
available. This generalised notion of decision procedure is
captured by the notion of reasoning specialist. A reason-
ing specialist is a state-based procedure whose states (called
constraint stores) are finite sets of (Σc,Πc)-literals repre-
sented in some internal form and whose functionalities are
abstractly characterised in the following way.

• cs-init(C): true only if C is Tc-valid, e.g. the empty
constraint store.

• cs-unsat(C): true only if C is Tc-unsatisfiable.

• P :: C −−−−→
cs−simp

C′: this is the main functionality of the

reasoning specialist, i.e. the activity of adding a finite
set of (Σj ,Πj)-literals P to C yielding a new constraint
store C′. For soundness it is required that

(sound.cs-simp) if P :: C−−−−→
cs−simp

C′ then P,C |=Tc

∧
C′.

Note that cs-simp must map (Σj ,Πj)-literals into (Σc,Πc)-
literals in a suitable way.

Example 1. (A reasoning specialist for total or-

ders). Let Πc = {=,≤} and let Tc be a (Σc,Πc)-theory for
total orders. Constraint stores are finite sets of (Σc,Πc)-
literals of the form s≤t, s=t, or s�=t closed under the fol-
lowing inference rules:

(transitivity) s≤t t≤u
s≤u (antisymmetry) s≤t t≤s

s=t

cs-init(C) holds if and only if C = ∅. cs-unsat(C) holds if
and only if C contains two literals of the form s=t and s�=t,
or of the form s=t and t �=s.

Let Σj = Σc, Πj = Πc ∪ {<,>,≥}, and let ν be the
function mapping (Σc,Πj)-literals to sets of (Σc,Πc)-literals
as defined in Table 2. ν is extended to sets of (Σc,Πj)-
literals, say P , by ν(P ) =

⋃
c∈P ν(c). P :: C−−−−→

cs−simp
C′

holds if and only if C′ is the result of closing C ∪ ν(P )
w.r.t. the application of (transitivity) and (antisymmetry).
It is straightforward to verify that P :: C−−−−→

cs−simp
C′ enjoys

(sound.cs-simp). To illustrate, if 0, a, b, sin, cos ∈ Σc and
P = {sin a > 0, cos a ≥ sin a}, then P :: ∅ −−−−→

cs−simp
{0 ≤

sin a, 0 �= sin a, sin a ≤ cos a, 0 ≤ cos a}. �

3.2 Constraint Contextual Rewriting
Let C and R be a constraint store and a set of rewrite rules
respectively. Then e rewrites to e′ in context C, in symbols
C :: e −→

ccr
e′, if and only if either

(i) e is a literal, {ê} :: C −−−−→
cs−simp

C′, cs-unsat(C′), and

e′ = true; formally

(cxt-entails)

{p̂} :: C−−−−→
cs−simp

C′

C :: p−→
ccr

true
if
p is a literal and
cs-unsat(C′)

or

(ii) (Q =⇒ l = r) ∈ R, e|u = lσ, e′ = e[rσ]u, and C ::

qσ −→
ccr

true for all q ∈ Q; formally3

(crew)
C :: Qσ−→

ccr
∅

C :: s[lσ]u−→
ccr
s[rσ]u

if
(Q=⇒l=r) ∈ R and
σ is a ground substitution

Notice that the context coincides with the constraint store
of the reasoning specialist.

Example 2 (CCR). Let us consider the reasoning spe-
cialist of Example 1 and let R consist of the following rewrite
rule:

X ≥ 0 =⇒
√
X2 = X (1)

It is easy to verify that
√

cos2 a rewrites to cos a in context
C = {0 ≤ sin a, 0 �= sin a, sin a ≤ cos a} as witnessed by the
following derivation:

C ::
√

cos2 a
C::cos a≥0

{cos a �≥0}::C−−−−→
cs−simp

C′

−−−−−−−−−−−−−−−→
ccr

true

−−−−−−−−−−−−−−−−−−−−−−−−−→
ccr

cos a

where C′ = C ∪ {0 ≤ cos a, cos a = 0, 0 �= cos a} is readily
found Tc-unsatisfiable by cs-unsat. �

3.3 Augmenting the Constraint Store
Although the notion of CCR defined so far is already a sig-
nificant improvement over the usual forms of (conditional)
rewriting, there is still room for improvement. A serious
limitation is revealed by the situation in which the rewriting
context is Tj-unsatisfiable but not Tc-unsatisfiable. When
this is the case, the Tj-unsatisfiability of the rewriting con-
text cannot possibly be detected by the reasoning specialist.

3Here ‘C :: Q−→
ccr

∅’ abbreviates ‘C :: q−→
ccr

true for all q ∈ Q’.
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c ν(c) c ν(c) c ν(c)

t1≤t2 {t1≤t2} t1 �=t2 {t1 �=t2} t1 �<t2 {t2≤t1}
t1=t2 {t1≤t2, t2≤t1} t1<t2 {t1≤t2, t1 �=t2} t1 �≤t2 {t2≤t1, t1 �=t2}
t1>t2 ν(t2<t1) t1 �>t2 ν(t1≤t2) t1≥t2 ν(t2≤t1)
t1 �≥t2 ν(t1<t2) otherwise ∅

Table 2: Definition of ν(c) (see Example 1)

The occurrence in the rewriting context of (function) sym-
bols interpreted in Tj but not in Tc is the main cause of the
problem. The following example illustrates this.

Example 3 (Augmentation). Let us consider the rea-
soning specialist of Example 1 and let R contain (1) and
the following fact:

{X ≥ 0, X ≤ π} =⇒ sinX ≥ 0 (2)

√
cos2 a cannot possibly be rewritten to cos a in context C =

{0 ≤ a, a ≤ π, sin a ≤ cos a} as there does not exist any
Tc-unsatisfiable constraint store C′ such that {cos �≥ 0} ::
C −−−−→

cs−simp
C′ holds. This is because 0 ≤ sin a is not Tc-

entailed by C. On the other hand, since the facts in R are
assumed to be Tj-valid, 0 ≤ sin a is Tj-entailed by C.

A way out of the problem is to extend the rewriting con-
text with Tj-valid facts, thereby informing the reasoning
specialist about properties of function symbols it is not
aware of. By adding Tj-valid facts to the rewriting con-
text, the approach aims at generating a Tj-equivalent but
Tc-unsatisfiable context whose Tj-unsatisfiability can there-
fore be detected by the reasoning specialist. The selection of
suitable Tj-valid facts is done by looking through the avail-
able lemmas. This is formalised by the inference rule

(augment)
C :: Qσ−→

ccr
∅ {cσ} :: C−−−−→

cs−simp
C′

P :: C−−−−→
cs−simp

C′

if (Q =⇒ c) ∈ R and σ is a ground substitution

Example 4 (Augmentation—continued). Thanks to
(augment) we now have that {cos �≥ 0} :: C −−−−→

cs−simp
C′

where C′ is detected to be Tc unsatisfiable by cs-unsat. From
this, it readily follows that

√
cos2 a rewrites to cos a in con-

text C. �

It is fairly simple to show the soundness of CCR. Technically
this amounts to showing that

(i) if C :: e −→
ccr
e′, then C |=Tj e ∼ e′4 and

(ii) if P :: C −−−−→
cs−simp

C′, then P,C |=Tj

∧
C′.

The simplified version of CCR presented here is not guar-
anteed to terminate. However it can be refined to ensure

4e ∼ e′ stands for e=e′ (e↔e′) if e and e′ are terms (formu-
lae, resp.).

termination. Both the refined calculus and its soundness
and termination proofs are available in [3].

It is worth emphasising that both the calculus and its prop-
erties are independent from the theory decided by the rea-
soning specialist. Therefore CCR can be applied in a wide
variety of situations.

4. MAPLE’S EVALUATION AS CCR
The interplay between Maple’s evaluation process, the prop-
erty reasoner, and the solver can be recast in the CCR frame-
work. This is shown in the following paragraphs.

4.1 Evaluation as Rewriting
The first step is to model Maple’s evaluation as rewriting.
The key idea is to regard evaluation functions as rewrite
rules. This is adequate because most evaluation functions
perform local transformations on terms and evaluate the
subterms recursively. More intricate computations are per-
formed by the evaluator, for instance, when a factoriser is
called. In this framework, that amounts to calling a further
reasoning specialist, and is beyond the goal of the present
analysis.

Evaluation functions test conditions, either by recursively
calling the evaluator or by invoking the assume facility. Both
cases are readily modelled in CCR by the rules (crew) and
(cxt-entails) respectively.

4.2 Property Reasoner as
Reasoning Specialist

The constraint store is a finite set of judgements of the form
t : p where t is an object term and p is an property term. We
abbreviate {t1 : p1, . . . , tn : pn} with !t : !p. cs-init(C) holds
if and only if C is the empty set of judgements. cs-unsat(C)
holds if and only if (u : ⊥) ∈ C for some term u. The
application of assume(t, p) on constraint store C leads to
constraint store C′ if and only if {t : p} :: C −−−−→

cs−simp
C′5 and

the invocation of is(t, p) in context C corresponds to {¬(t :
p)} :: C −−−−→

cs−simp
C′ and cs-unsat(C′). P :: C −−−−→

cs−simp
C′ is

modelled by the following inference rules:

(assume)
{u : p} :: (!t : !p) −−−−→

cs−simp
{u : p} ∪ (!t : !p)

5This is a faithful model only at the logical level. The se-
mantics of deleting some assumptions with assume has not
been modelled. As this command is never called by Maple
itself, this difference only changes the user interface.
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(is)

(!t : !p) :: u −−→
solve

v[!t] v̄[!p] −−−−−→
prop−eval

p0

{¬(u : p)} :: (!t : !p) −−−−→
cs−simp

{u : ⊥} ∪ (!t : !p)
if p0 � p

The premise (!t : !p) :: u −−→
solve

v[!t] models the invocation to

the solver that determines an object term v[!t] equivalent to
u but built out of the terms occurring in the context. The
premise v̄[!p] −−−−−→

prop−eval
p0 models the activity of simplifying

the property term v̄[!p] by invoking the corresponding prop-
erty functions. Finally, the side-condition p0 � p checks
whether the property resulting from the evaluation is con-
tained in p.

Note that evaluator and property reasoner operate on the
same set of expressions. Hence Σc = Σj and Πc = Πj . The
theory Tc consists of the facts known to property reasoner
and solver; Tj may contain additional, user-provided facts.

4.3 Property Functions and Augmentation
The simplification of property terms performed by property
functions can be regarded as a restricted form of augmen-
tation. Property functions can be seen as lemmas stating
properties of functions which are uninterpreted for the rea-
soning specialist. However, not all the properties of func-
tions can be expressed by properties functions. For instance,
the lemma

{Y −X : [0,∞)} =⇒ f(Y ) − f(X) : [0,∞)

expressing the monotonicity of f cannot be expressed as a
property function. This is not surprising as monotonicity
cannot be expressed as a property of the input argument.

Augmentation does not suffer from the above limitation. To
illustrate this, let R contain the following facts:

{X : [0,∞) , Y −X : [0,∞)} =⇒
√
Y −

√
X : [0,∞) (4)

{X : [−π
2
, π

2
] , Y : [−π

2
, π

2
] , Y −X : [0,∞)} (5)

=⇒ sinY − sinX : [0,∞)

and consider the problem of determining whether
√

sin y −√
sinx : [0,∞) in a context C containing x : [0, π

2
], y : [0, π

2
]

and y − x : [0,∞). It can be shown that {¬(
√

sin y −√
sinx) : [0,∞)} :: C −−−−→

cs−simp
C′ where C′ is such that

cs-unsat(C′) holds. First, using lemma (5), C is augmented
with sin y − sinx : [0,∞), then, using (4), with

√
sin y −√

sinx : [0,∞). Premises of the lemmas are deduced from
the context; especially the first premise of (4), sin x : [0,∞),
is derived from x : [0, π

2
]. An application of (is) finally adds√

sin y−√
sinx : ⊥. The resulting constraint store is unsat-

isfiable, and
√

sin y −√
sinx : [0,∞) can indeed be derived.

5. CONCLUSION
Maple’s evaluation process results from the combination
of three specialised reasoning modules: the Evaluator, the
Property Reasoner, and the Solver. The interplay of these
reasoning modules can be recast in CCR, where the Prop-
erty Reasoner plays the role of a reasoning specialist for
properties.

CCR provides well-specified interfaces for its modules and
a specification of their interaction. This makes it possible

to reuse reasoning specialists in other reasoning systems,
including theorem provers and computer algebra systems.
One can even envisage adding other reasoning specialists to
Maple, for example by a user who provides a package for
an algebraic theory not yet available in Maple and wants to
modify the evaluation process.

The integration scheme that is implemented in Maple is a
special case of CCR, and it is possible, by adding the aug-
mentation rule, to make facts about objects available to the
Property Reasoner that it cannot otherwise derive.
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