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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

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

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

rely(! a, ! b)

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′)

The entire state 
of C

This is 
“Harmless”[D&W 
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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 possiblesolution to this would be to specify a
separaterely() andguar() clausecorrespondingto each
joinpoint in m(). But this may result in a lot of dupli-
cation if many of thesejoinpoints are equivalent from
the point of view of m() and the conditionsthat it ex-
pectswill hold at thesepoints. The notion of a specifi-
cation pointcut providesa suitablesolution. A speciÞ-
cationpointcut (s-pointcut),like a normalpointcut,de-
Þnesa groupof joinpoints. But, unlike a normalpoint-
cut, the group of joinpoints in a given s-pointcutmust
all be from a particularmethodof a given class. Since
we reasonaboutonemethodat a time, thereis nothing
to be gainedby deÞnings-pointcutsthat would include
joinpointsfromdifferentmethodsof theclass(or, worse,
multiple methodsfrom multiple classes). The precise
syntaxfor deÞnings-pointcutsis for futurework; in this
paper, we assumethats-pointcutswill bedeÞnedby ex-
plicitly enumeratingall of thejoinpointsin theparticular
group. In order to permit suchlisting, we alsoassume
that, aspart of the reasoningannotationof the method
m(), uniquelabelsareassociatedwith eachpointcut.

Thusthe speciÞcationof a methodm() of a classC
would consistof a pre-conditionpre(), a post-condition
post(), a numberof s-pointcutsand,for eachs-pointcut,
a rely() clauseanda guar() clause.Themeaningof this
speciÞcationis that if pre() is satisÞedwhenm() is in-
vokedandeachadvicethat is deÞnedin any aspectand
is applicableto any joinpoint in m() satisÞestherequire-
mentsspeciÞedin therely() clauseassociatedwith thes-
pointcutthatincludesthatjoinpoint, then,whenm() Þn-
ishes,post() will be satisÞed;andwhencontrol reaches
any adviceapplicableto any joinpoint in m(), the val-
uesof the instancevariablesof C will be suchthat the
guar() clauseassociatedwith thes-pointcutthatincludes
thatjoinpointwill besatisÞed.

What if a particularjoinpoint in m() is not included
in any of the s-pointcutsdeÞnedin the speciÞcationof
m()? One possibleanswerwould be that default the
rely() clausefor sucha joinpoint shouldbe the highly
restrictiveoneweconsideredin Section1:

rely(! , ! ′) ≡ (! = ! ′) (1)

where! is thestateof C, i.e., thesetof valuesof all the
instancevariablesof C. This, aswe notedearlier, for-
bidstheadvicefrom makingany changesto thevaluesof
thesevariables.But notethatif theaspectthattheadvice
is apartof usestheintroduction mechanismto introduce
new variablesinto C, thentheadvicewill beableto ma-
nipulatethosevariablesin appropriatewaysandthereby
enrichm()Õs behavior. We will considersuchenriched
behavior shortlybut onepoint is worthnotinghere.Thus
any rely() clause,whetherexplictly speciÞedor the de-

fault one, imposesconditionsonly on the variablesde-
Þneddirectly in the classin the base-code;it doesnot
imposeany conditionson any variablesthat the aspect
mayintroduceinto theclass.This is naturalbecausethe
functioningof m() cannotdependon or be affectedin
any way by the valuesof any of theseintroduced vari-
ables. Thus even with a strict rely clausesuchas (1),
theadvicecancertainlymanipulatethe introducedvari-
ablesin whatever manneris deemedappropriateby the
aspectdesigner. Thedefault guar() clausecouldsimply
be true since,in this situation,we cannotguaranteeany-
thing about the valuesof thesevariableswhen control
reachestheadviceapplicableat this joinpoint.

If we have available the completereasoningannota-
tion of them(), thedefault clausescanbesomewhatless
extremeandhencepotentiallymoreuseful. SupposeL
is thelabel correspondingto a particular joinpoint in the
bodyof m(). Suppose,accordingto thereasoning anno-
tationof m(), pp is theassertionimmediatelyfollowing
the set statementat this label. Considerthe following
rely() clause:

rely(! , ! ′) ≡ (pp⇒ ppσ
σ′) (2)

whereppσ
σ′ denotesthe assertionobtainedby using, in

pp, for eachoccurrenceof eachvariableof C, its value
in thestate! ′ ratherthanthatin ! . If theadvicethatap-
pliesat this joinpoint satisÞedthis rely() clausethenany
changesthat the advicemay make in the valuesof the
variablesof C will clearlynotaffect thebehavior of m()
since,accordingto the reasoningannotation,m() only
requiresthestateat thepoint labeledL to satisfypp and
it will, even after thesechanges,given this rely clause.
This may be usefulsincethis rely() clause will, in gen-
eral,belessrestrictive thanin (1). Theguar() clausecan
similarly bedeÞnedto bemoreinformative thantheas-
sertiontrue; we candeÞnethis clause,for the joinpoint
L, to be theassertionpp since,accordingto the reason-
ing annotation,themethodguaranteesthat thestatewill
satisfythisassertionwhencontrolreachesthispoint.

Sofar, we have focusedattentionon ensuringthatthe
actionsperformed by the advicesdo not invalidatethe
results,in particular, the post-conditionwe have estab-
lished for the methodm() underconsideration.Let us
now turn to the taskof establishingthe richer behavior
that the advicesareintendedto produce.In orderto be
able to do this, the assertionsin the reasoningannota-
tion of m() including, in particular, the post-condition,
needto provide a moredetailedcharacterizationof the
behavior of m() thantheseassertionsnormallydo. In ef-
fect, thestandardpost-conditionof m() essentiallytells
us theconditionsthatwill besatisÞedby thestatewhen
m() Þnishes(assuming,of course,that the statewhen
m() startedexecutionsatisÞedthepre-conditionandas-
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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 ! ’ rather than ! .
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.

(! .s = ! ! .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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