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Reasoning in Aspect-Oriented Programs

• AOP enables modular implementation of 
crosscutting concerns.

• Reasoning about AOP presents some key 
challenges.

• Addition of an aspect can change the behavior of 
the base code.

• Prior reasoning about the base code may no longer 
be valid.

• May be forced to reason about the entire system 
again accounting for the interleaving.

Behavior of the Classes and the Aspects

A Rely-Guarantee Approach [Xu97] to Reasoning in AOP

R/G for AOP Reasoning System

“Can we make base-code specifications more 
robust to aspectual changes?”
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The Rely() Clause
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The state at a point in the execution of a 
class is σa.

The state when the class gets control back 
from an aspect is σb.

rely(σa, σb)

A method M under the influence of advice satisfies an R/G 
specification denoted by 

M sat (pre, rely, guar, post) 
if

1) M is invoked in a state which satisfies pre, and
2) all advice transitions satisfies rely,

then
3) all states prior to M being intercepted by advice will satisfy guar, 

and
4) if the computation terminates, the final state will satisfy post.

 A Restrictive Rely() Clause

rely(σ,σ′) ≡ (σ = σ′)
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• Defines the level of “harmlessness” on a per-
joinpoint basis.

• The guar() clause is similar to a precondition for 
advice intercepting the base-code.

• Specification Pointcuts (s-pointcuts) contain 
corresponding rely() and guar() clauses.

• Provides a way to deduce the enriched behavior of 
the aspects plus the base-code using history 
variables [Hoare78].

• Allows for modular, isolated reasoning of both the 
base-code and the aspects.

 A Slightly Less Restrictive Rely() Clause

One possible solution to this would be to specify a
separate rely() and guar() clause corresponding to each
joinpoint in m(). But this may result in a lot of dupli-
cation if many of these joinpoints are equivalent from
the point of view of m() and the conditions that it ex-
pects will hold at these points. The notion of a specifi-
cation pointcut provides a suitable solution. A specifi-
cation pointcut (s-pointcut), like a normal pointcut, de-
fines a group of joinpoints. But, unlike a normal point-
cut, the group of joinpoints in a given s-pointcut must
all be from a particular method of a given class. Since
we reason about one method at a time, there is nothing
to be gained by defining s-pointcuts that would include
joinpoints from different methods of the class (or, worse,
multiple methods from multiple classes). The precise
syntax for defining s-pointcuts is for future work; in this
paper, we assume that s-pointcuts will be defined by ex-
plicitly enumerating all of the joinpoints in the particular
group. In order to permit such listing, we also assume
that, as part of the reasoning annotation of the method
m(), unique labels are associated with each pointcut.

Thus the specification of a method m() of a class C
would consist of a pre-condition pre(), a post-condition
post(), a number of s-pointcuts and, for each s-pointcut,
a rely() clause and a guar() clause. The meaning of this
specification is that if pre() is satisfied when m() is in-
voked and each advice that is defined in any aspect and
is applicable to any joinpoint in m() satisfies the require-
ments specified in the rely() clause associated with the s-
pointcut that includes that joinpoint, then, when m() fin-
ishes, post() will be satisfied; and when control reaches
any advice applicable to any joinpoint in m(), the val-
ues of the instance variables of C will be such that the
guar() clause associated with the s-pointcut that includes
that joinpoint will be satisfied.

What if a particular joinpoint in m() is not included
in any of the s-pointcuts defined in the specification of
m()? One possible answer would be that default the
rely() clause for such a joinpoint should be the highly
restrictive one we considered in Section 1:

rely(σ, σ′) ≡ (σ = σ′) (1)
where σ is the state of C, i.e., the set of values of all the
instance variables of C. This, as we noted earlier, for-
bids the advice from making any changes to the values of
these variables. But note that if the aspect that the advice
is a part of uses the introduction mechanism to introduce
new variables into C, then the advice will be able to ma-
nipulate those variables in appropriate ways and thereby
enrich m()’s behavior. We will consider such enriched
behavior shortly but one point is worth noting here. Thus
any rely() clause, whether explictly specified or the de-

fault one, imposes conditions only on the variables de-
fined directly in the class in the base-code; it does not
impose any conditions on any variables that the aspect
may introduce into the class. This is natural because the
functioning of m() cannot depend on or be affected in
any way by the values of any of these introduced vari-
ables. Thus even with a strict rely clause such as (1),
the advice can certainly manipulate the introduced vari-
ables in whatever manner is deemed appropriate by the
aspect designer. The default guar() clause could simply
be true since, in this situation, we cannot guarantee any-
thing about the values of these variables when control
reaches the advice applicable at this joinpoint.

If we have available the complete reasoning annota-
tion of the m(), the default clauses can be somewhat less
extreme and hence potentially more useful. Suppose L
is the label corresponding to a particular joinpoint in the
body of m(). Suppose, according to the reasoning anno-
tation of m(), pp is the assertion immediately following
the set statement at this label. Consider the following
rely() clause:

rely(σ, σ′) ≡ (pp⇒ ppσ
σ′) (2)

where ppσ
σ′ denotes the assertion obtained by using, in

pp, for each occurrence of each variable of C, its value
in the state σ′ rather than that in σ. If the advice that ap-
plies at this joinpoint satisfied this rely() clause then any
changes that the advice may make in the values of the
variables of C will clearly not affect the behavior of m()
since, according to the reasoning annotation, m() only
requires the state at the point labeled L to satisfy pp and
it will, even after these changes, given this rely clause.
This may be useful since this rely() clause will, in gen-
eral, be less restrictive than in (1). The guar() clause can
similarly be defined to be more informative than the as-
sertion true; we can define this clause, for the joinpoint
L, to be the assertion pp since, according to the reason-
ing annotation, the method guarantees that the state will
satisfy this assertion when control reaches this point.

So far, we have focused attention on ensuring that the
actions performed by the advices do not invalidate the
results, in particular, the post-condition we have estab-
lished for the method m() under consideration. Let us
now turn to the task of establishing the richer behavior
that the advices are intended to produce. In order to be
able to do this, the assertions in the reasoning annota-
tion of m() including, in particular, the post-condition,
need to provide a more detailed characterization of the
behavior of m() than these assertions normally do. In ef-
fect, the standard post-condition of m() essentially tells
us the conditions that will be satisfied by the state when
m() finishes (assuming, of course, that the state when
m() started execution satisfied the pre-condition and as-
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An 
assertion following a 

joinpoint in the base-code.

Each 
occurrence of each variable 
of C replaced with its value

in σ’ rather than σ.
Restricts 

the behavior of advice 
dependent upon the state of the 

base-code prior to 
interception.

Case Study: A Point Zooming Aspect

Specifications

rely(σ,σ′) ≡ [(σ.x = σ′.x) ∧ (σ.y = σ′.y)]

• Defines the level of “harmlessness” on a per-joinpoint basis.

• The adjustScale aspect would not meet 
specifications since it alters only the scaling factor 
of the Point.

• Must be sure not to impose stronger requirements 
than necessary on aspects that might be developed 
later.

• Otherwise, we may be forced to redo the task of 
reasoning about the class.

(σ.s = σ′.s)But why not:

scaling concern can be considered cross-cutting as various kinds of
figures may need to be scaled prior to drawing.

1 class Point {
2 int x, y;
3 int s;
4

5 public Point(int xi, int yi)
6 { x=xi; y=yi; s=1; }
7 public int getX() { return (x*s); }
8 public int getY() { return (y*s); }
9

10 public void move(int nx, int ny)
11 { x=nx; y=ny; }
12 }
13

14 aspect adjustScale {
15 pointcut m(Point p):
16 execution(void Point.move(int,int))
17 && target( p );
18

19 after(Point p) : m(p) {
20 if ((p.x < 5) && (p.y < 5)) { p.s=10; }
21 }
22 }

Figure 1. Point Class and Aspect

That is, indeed, precisely what the adjustScale aspect does.
The pointcut m() corresponds to an execution of the move()
method. The after advice specified states that if the point p is
sufficiently close to the origin, then the scale factor is set equal to
ten4. Thus, if we consider just the class Point, we see that the
scale factor will remain at 1; and the values returned by getX()
and getY() will be equal to the actual x and y coordinates. But
this behavior of the base-code is modified as a result of the aspect so
that, in those situations where the point in question is “close” to
the origin, these methods return a value that is ten times the actual
x/y-coordinate.

When reasoning about this example, the questions we want to
address are as follows. How do we reason about base-code, i.e.,
the behaviors of the methods getX(), getY(), and move() of
the Point class when considering the class by itself so that the
reasoning remains valid when the effect of the adjustScale is
also considered? In particular, what rely() condition that will be
applicable to any aspect that may act on the methods of this class
should we assume when doing this reasoning? Second, how do we
show that the behavior of the advice defined in the adjustScale
aspect is consistent with the rely() condition imposed by the Point
class? Third, does the correct functioning of the advice require us to
impose any conditions –the guar() clause– on the behaviors of the
methods of Point and, if so, how do we specify those conditions;
and how do we check that the actual behavior of the Point class,
in fact satisfies the guar() clause? And, finally, how do we arrive at
the resulting behavior that the combined system (of Point class
and adjustScale aspect) will exhibit?

Consider first the rely() clause. This example is so simple that
what we should include in the rely() clause is almost immediately
clear: Any advice that may be applied to Point should be such
that it doesn’t modify the value of x or y since the only time
when a point’s coordinates change should be when we apply the
move() operation on the point. Thus the rely() clause here may

4 It would be more interesting to use a scale factor that is a floating point
value that might be set to be less than 1 to handle situations where the point
might be far from the origin.

be written as:
rely(σ, σ′) ≡ [(σ.x = σ′.x) ∧ (σ.y = σ′.y)] (1)
But the situation could be more complex. It may be that the

condition that needs to be imposed on the advice depends on the
particular type of advice in question. For example, if the class in
question has two methods, m1() and m2(), the conditions that
might have to be imposed on an advice that applies to m1() may
have to be more stringent than those that have to be imposed
on an advice that applies to m2(). Indeed, different conditions
may have to be imposed on pieces of advice that might act at
different joinpoints in the same method. The most natural way
of expressing these multiple rely() clauses would be to use the
pointcut notation to specify which particular joinpoints a given
rely() clause corresponds to5. The default is that a rely() clause such
as (1) applies to all joinpoints in all methods of the class.

How do we verify that the rely() conditions required by the
class are indeed satisfied? For each item of advice in the aspect
that applies to this class, we have to consider the behavior of the
advice and show that this behavior is such that for each initial state
in which we might start execution of the advice, the final state that
we will reach when the advice finishes, and the starting initial state
will, together satisfy the corresponding rely() condition. There is
a potential problem here. When reasoning about the behavior of
the class, we may have assumed too strong a rely() condition for
one or more joinpoints. For example, if we had not considered the
possibility of an aspect that might change the value of the scale
factor s, we might have added another clause to the definition in
(1) requiring that (σ.s = σ′.s). The adjustScale aspect will,
of course, not satisfy this rely() clause. Therefore, if we had indeed
assumed this rely() clause when reasoning about the behavior of the
Point class, we would be forced to go back and reexamine that
reasoning to see if this clause was really necessary. This is not a
fault of the reasoning approach; rather, it says that when reasoning
about a class, we must be sure not to impose stronger requirements
than necessary on aspects that might be developed later; otherwise,
we might be forced to redo the task of reasoning about the class.

Let us next consider the guar() clause. There is one key differ-
ence between the kind of guarantee clause used in reasoning about
concurrent program behavior [16] and the kind of guarantee clause
needed here. In the case of concurrent programs, the two processes
act symmetrically with respect to each other. That is, portions of
each are interleaved with portions of the other. In our case though,
once an advice starts execution, it decides when –or even whether,
in the case of around advice– to give control back to the base-
code. There is no possibility that the base-code can somehow inter-
cept the advice and resume its own execution. Therefore, the guar()
clauses that items of advice need are very much like pre-conditions
of methods. That is, they are simply assertions over the state that
exists at the time that the advice starts execution. For our example,
the guar() clause is particularly simple. The advice does not really
depend on any particular condition being satisfied by the state when
it starts. Hence, this clause is simply the assertion true.

In general, of course, the guar() will not be so simple. Moreover,
it may also depend on the particular advice in the same way that the
pre-condition of a method of a class may well vary from method to
method. There is, however, an important difference. When deciding
the pre-condition of a method, we consider the internal details
of the method and decide what conditions need to hold in order
for it to behave in the desired manner. Here, when writing down
the rely() conditions, we do not yet have the aspect available.
Instead, when reasoning about the class in question we determine

5 Of course, when reasoning about a given class, we will not be concerned
with other classes. Hence, in specifying the rely() clauses, we will never
have to use a wildcard that ranges over multiple classes in the system.
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