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Abstract. A long-term researc h goal for Asp ect-Orien ted Programming

is the mo dular v eri�cation of asp ects suc h that safe ev olution and reuse

is facilitated. Ho w ev er, one of the fundamen tal problems with v erify-

ing asp ect-orien ted programs is the inabilit y to determine the e�ect of

the w ea ving pro cess on the con trol 
o w of the program, and th us on

the state of the system and subsequen tly the prop erties that hold or

are in tro duced. W e prop ose a no v el approac h to mo dular v eri�cation of

asp ect-orien ted systems using asp ect tagging and Data Flo w analysis of

Con trol Flo w Graphs.

1 In tro duction

The increasing adoption of Asp ect Orien ted Programming (A OP) has consider-

ably impro v ed the ev olv abilit y of cross-cutting concerns (monitoring, securit y ,

replication, distribution) in complex soft w are platforms.

The p o w er of A OP essen tially lies in its abilit y to impact a v ery large co de

base at run-time with only one asp ect. Because of this p o w er, ho w ev er, it can

b e extremely di�cult to predict the e�ect of an asp ect on a base program, a

particularly critical issue when A OP is to b e used for soft w are ev olution. Ho w

can w e b e sure that an asp ect ac hiev es what it is mean t to? Ho w can w e pro v e

that it do es not violate prop erties of the base program that m ust b e preserv ed?

Ho w can w e v erify that it do es not in terfere with prop erties other asp ects are

trying to in tro duce?

The ev olution of cross-cutting concerns w ould b ene�t enormously from w ell-

dev elop ed formal tec hniques to answ er these questions. Ideally suc h tec hniques

should pro vide a framew ork with whic h to c hec k A O programs at an early stage,

in order to reuse and adapt asp ects in a w a y whic h is formally v eri�able.

V eri�cation tec hniques are b eing dev elop ed for A O systems, but they still

lag far b ehind what as b een ac hiev ed for the static analysis of pro cedural and

ob ject-orien ted programs. Our in tuition is that, with the prop er abstractions,

existing asp ect-free approac hes (in tra- and in ter-pro cedural analysis, p oin ts-to

analysis, abstract in terpretation) can b e sp eci�cally adapted to A O programs to

meet their particular requiremen ts. In this pap er w e discuss the prop erties suc h

an \asp ect a w are" v eri�cation approac h should ha v e to b e suitable for program

ev olution (Section 2). Curren t w ork is presen ted in Section 3. W e then presen t



ho w the ideal could b e realised in the particular case of data 
o w analysis using

a tec hnique w e ha v e termed \asp ect tagging" (Section 4). Section 5 concludes

the pap er.

2 Problem Statemen t

An y A O program consisting of a base P and a w o v en asp ect a can b e represen ted

b y an equiv alen t standalone \asp ect-free" program Q , on whic h traditional static

analysis can b e p erformed. This approac h, ho w ev er, su�ers from a n um b er of

de�ciencies that mak e it unattractiv e for asp ect based soft w are ev olution. Firstly ,

it is v ery di�cult to trace results obtained on Q bac k to the original asp ect-

orien ted program P + a . Secondly , no general statemen t on the prop erties of a

can b e made, except in conjunction with a sp eci�c base program. This requires

the whole analysis to b e rep eated for eac h base program on whic h a is applied.

This limitation puts particular constrain ts on an y ev olution pro cess based on

program families. Thirdly , in decoupling the analysis from the A O structure of

the original co de, suc h an approac h e�ectiv ely bars an y optimisation based on

the A O nature of the program.

T o circum v en t those de�ciencies w e think that an asp e ct-awar e v eri�cation

approac h should ha v e the follo wing desirable c haracteristics:

Mo dularit y W e feel that the na • �v e approac h outlined ab o v e (p erforming anal-

ysis on the w o v en b yteco de, th us determining whether P + a = Q in terms of

the prop erties that need to b e main tained) neglects one of the k ey features

of A OP - that is a mo dular framew ork, and th us requires mo dular analy-

sis tec hniques. The criteria of mo dularit y can b e further brok en in to t w o

sub-criteria:

Comprehensibilit y The results w e obtain using the analysis should b e

able to b e b ack-tr acke d to the original program structure - that is, un-

derstandable using the terms of the encapsulation whic h the original

program structure a�orded. In real terms, this means that w e will b e

able to see ho w the asp ect itself has a�ected the prop erties of the system

as a whole, not just ho w the system b eha v es.

Reuse The results should b e encapsulated in the same dimension as the

asp ect - that is, if the asp ect is used with a di�eren t base program, the

results should b e able to b e (at least partially) reused. This is a stronger

prop ert y than comprehensibilit y .

E�ciency/Scalabilit y The usefulness of formal metho ds for c hec king of safet y

prop erties is prop ortional to the e�ciency with whic h they can b e applied.

Therefore, an y analysis w e can p erform m ust ha v e the abilit y to b e applied

within a reasonable time-frame, de�ned partially b y the cost of failure of the

system - that is, ho w safet y-critical it is. The analysis m ust also b e scalable -

an analysis whic h is only applicable to trivial programs is fairly p oin tless. W e

w ould exp ect suc h an ideal analysis to scale to large industry-grade programs

with m ultiple in teracting asp ects, as w ell as dynamic approac hes.



P ortabilit y A desirable prop ert y of the analysis is the abilit y to b e adapted to

di�eren t languages, approac hes and arc hitectures, to maximise its usefulness.

One of the ma jor c hallenges facing formal metho ds with A OP is determining

a prop er abstr action of the co de suc h that program v eri�cation whic h ful�ls the

criteria ab o v e can b e p erformed. This abstraction needs to b e b oth c orr e ct - that

is, encompass all the executions of the system that mak e sense or that w e w an t

to c hec k - and fe asible - that is, not con taining so man y p ossible states that state

space explosion o ccurs and c hec king b ecomes unreasonable or useless.

This task b ecomes particularly hard in the presence of A OP's dynamic fea-

tures, suc h that it can b ecome infeasibly exp ensiv e to determine the execution

of a A O system b efore run-time. F or example, dynamic asp ects could b e w o v en

at run-time; the b eha viour of compile-time w o v en asp ects could b e a�ected b y

dynamic parameters; or dynamic joinp oin ts suc h as Asp ectJ's cflow could b e

used. An extreme total abstraction could then b e that ev ery p oten tial asp ect

advice is applied at ev ery p oten tial joinp oin t. This w ould clearly pro duce an

absurd and useless abstraction, whic h w ould most lik ely b e unable to p ositiv ely

determine an y prop erties of the system.

Clearly , what is required is an abstraction of the system whic h is accurate

enough to b e sound - that is, pro ving something is true (or not) of the abstraction

means that it is true (or not) of the actual system - y et useful enough to b e as

c omplete as w e need - that is, able to giv e a de�nite answ er to a prop osition.

If the abstraction is sound but not complete, w e allo w answ ers of \ma yb e" for

ev ery question w e ask of the system, whic h is tec hnically correct but not v ery

helpful
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. On the other hand, w e w ould not w an t a system whic h ga v e us a de�nite

answ er for the abstraction whic h w as not correct for the actual system. Th us,

our abstraction m ust b e correct, at least for the prop erties w e w an t to c hec k,

and sound for the analysis w e wish to p erform.

W e also require that our abstraction b e mo dular - that is, that it retains

the program structure of the actual system. W e sa y this b ecause w e w an t the

results of our analysis to b e reused along with the asp ect - recalling our example,

w e w an t our programmer to b e able to get the asp ect from the library and use

v eri�cation tec hniques to determine that it will, indeed, w ork with his system.

F or this to w ork, it w ould b e immensely helpful to ha v e some result already

presen t in the system in order to reduce computation time and e�ort.

Hence, w e require a partial abstraction of the system, whic h pro vides us

with an estimated set of p oten tial executions whic h is as close as p ossible to the

true set. Determining this abstraction is a matter of applying e�ectiv e program

analysis tec hniques - correct data-
o w analysis com bined with constrain t-based

analysis - to enable abstract in terpretation [14, 7]. As w e will sho w in Section 4,

these tec hniques do not scale w ell to A O systems and require adaptation.

1

Similarly , abstractions are often only sound for a particular class of answ ers - for

example, if the abstraction answ ers \y es" for an analysis, w e kno w the answ er is \y es"

for the original system; but if it answ ers \no" w e cannot b e sure. This strongly a�ects

our c hoice of abstraction.



3 Curren t W ork

There ha v e b een sev eral notable e�orts in the �eld of applying program analysis

tec hniques to A OP . While all these e�orts tak e sligh tly di�eren t approac hes, the

end goal is broadly similar - mo dular v eri�cation of asp ects. The ideal goal is

a complete pro of that states that for ev ery p ossible base system on whic h an

asp ect can b e w o v en, and for ev ery p ossible w ea ving within that system, the

asp ect will alw a ys:

1. Main tain desired prop erties of the base system suc h that the augmen ted

(w o v en) system has the same prop erties as the original

2. In tro duce its o wn prop erties to the augmen ted system correctly

3. Main tain desired prop erties that other asp ects in tro duce

This goal is still a long w a y o� for program analysis and, as suc h, most

approac hes seek to restrict the problem in some w a y .

W e will divide discussion in this area in to t w o sections - static c o de analysis

tec hniques and other appr o aches .

3.1 Static Analysis

Recen t static analysis tec hniques ha v e related closely to the c ate gorisation of

asp ects. An early attempt at this w as suggested b y Katz and Gil [11], in whic h

three broad categories w ere prop osed:

Sp ectativ e. These are simply monitoring asp ects whose function is to record

the actions of the base system without a�ecting them whatso ev er.

Regulativ e. These asp ects do not c hange the actions or basic functionalit y

of the underlying system, but are often used to determine con trol 
o w in

the system - an example b eing a con tract enforcemen t asp ect whic h decides

whether a metho d is called based on pre-conditions.

In v asiv e. These asp ects activ ely c hange the functionalit y or state of the under-

lying system in v arious w a ys. In p o w erful A OP systems, asp ects can mo dify

the v alues of b oth class and instance attributes or in tro duce their o wn, call

metho ds b efore and after the advised joinp oin t or ev en skip the joinp oin t

co de completely (as is the case in an Asp ectJ advice with no proceed()

statemen t).

Tw o other w orks also prop ose a classi�cation system. Clifton and Leav ens [5]

suggest observers/sp e ctators and assistants - similar to sp ectativ e and in v asiv e

asp ects - and prop ose an extension to asp ect languages b y whic h the base ob ject

includes explicit references to the asp ects whic h observ e or assist it, enabling

a more mo dular reasoning. Similarly , Rinard et al [16] prop ose a �ner-grained

categorisation coupled with a more p o w erful analysis to automatically classify

in teraction b et w een advices and metho ds. Their w ork adapts an existing ob ject

orien ted analysis to asp ect orien ted programs.



W ork from Sereni and de Mo or [17] prop oses a reduced p oin tcut mo del based

on regular expressions and use a meet-o v er-all-paths analysis whic h pro duces an

optimised w a y of joinp oin t matc hing. Although the primary goal of this w ork is

optimisation, they ac kno wledge that the w ork could b e used to determine asp ect

in teraction - that is, when t w o or more di�eren t pieces of advice ma y b e executed

at the same joinp oin t.

3.2 Other Approac hes

Tw o other approac hes [19, 21] encapsulate mo del c hec king assertions (using Ban-

dera [6] and Jpf [15] resp ectiv ely) within asp ects, th us ac hieving some lev el of

mo dularit y . Ho w ev er, the actual c hec king then o ccurs on the augmen ted (w o v en)

system, whic h prev en ts (partial) v eri�cation results to b e attac hed to asp ects for

reuse on other base programs.

Krishnam urthi et al. [13] attempt a more mo dular mo del c hec king [10] tec h-

nique whereb y the �nal �nite-state mac hine (FSM) of the w o v en system is con-

structed from the co de b efore the asp ects are w o v en - that is, an estimation of

the �nal b eha viour of the system is created. This uses a sophisticated bac kw ard


o w analysis to determine the lo cation of joinp oin ts and inserts calls to the FSM

of the advice whic h w ould apply at the p oin t. Ho w ev er, this approac h only w orks

for asp ects whic h are guaran teed to return the system to the state in whic h the

advice w as called - in the terminology of [19], sp e ctative asp ects - whic h turn

out to b e a remark ably small subset of p ossible asp ects. This tec hnique can also

only determine whether prop erties of the original base system are not violated,

not whether the asp ect in tro duces its o wn prop erties prop erly or a�ects the

b eha viour of other asp ects.

Finally , there has b een some w ork on formally iden tifying and resolving con-


ict or in teraction b et w een asp ects. Sihman and Katz [18] dev elop a calculus

for their sup erimp osition system [20] whic h de�nes a general metho dology for

calculating ho w sup erimp ositions are comp osed together b efore they are applied

to the underlying system based on their sp eci�cations. Ho w ev er, this has y et to

b e implemen ted in a concrete A OP language.

Similarly , Douence et al [8, 9] dev elop an abstract formal seman tics for asp ects

whic h includes rules for comp osition based on precedence. They demonstrate ho w

de�ning comp osition with an order results in di�eren t b eha viour whic h can b e

formally sp eci�ed and hence pro vides a p ossible basis for analysis. They also

prop ose rules for the detection of in teraction. Again, this pro vides a v ery strong

seman tic base, but as y et is unimplemen ted.

The analysis system prop osed b y Rinard et al [16] has p oten tial for detecting

in terference b et w een asp ects. In general, static analysis tec hniques suc h as pro-

gram slicing [2, 3] ha v e application in this �eld, although so far this has receiv ed

little exploration.

In summary , the range of formal program analysis tec hniques curren tly under

dev elopmen t for A OP systems is widening, re
ecting the increasing con�dence



in b oth A OSD and formal metho ds. Ho w ev er, in the early y ears of the A O

paradigm, program analysis tec hniques are generally at an early lev el, tend to

b e application-dep enden t at least in their implemen tation, or reduce the problem

somewhat b y considering a subset of A OP features.

In particular, 
o w analysis tec hniques that are so far dev elop ed rely on repre-

sen ting the asp ect-orien ted program in suc h a w a y that existing (ob ject-orien ted)

data and con trol 
o w analysis can b e applied. This necessarily means that, at

the 
o w analysis lev el, w e end up treating the base program and asp ects as a

com bined, w o v en, ob ject-orien ted system. Ev en when the program is represen ted

in a graph with the distinction b et w een base and asp ect emphasised, as in [23,

24], the analysis then o ccurs on the complete program. This means that mo dular

analysis of the asp ect's b eha viour indep enden tly of a base is restricted. It is this

restriction that w e aim to address in our w ork, in the dev elopmen t of a mo dular

asp ect-orien ted data and con trol 
o w analysis.

4 Data Flo w Analysis of Asp ect-Orien ted Programs

4.1 Summary of Prop osed Approac h

Our approac h can b e summarised as follo ws:

1. Obtain the b yteco de of base and asp ect;

2. Classify the asp ect with resp ect to the base;

3. Create abstract con trol-
o w graphs of b oth base and asp ect;

4. T ag the CF G of the asp ect;

5. Create a graph transformation of the base using the CF G of the asp ect;

6. Use the resulting mo del to create an abstraction of the augmen ted system

using data-
o w analysis.

T o implemen t this approac h t w o main tec hnical goals m ust b e ac hiev ed:

T agging The �rst goal is the abilit y to reason ab out an asp ect and a base suc h

that they remain distinct in our analysis. W e ac hiev e this b y the pro cess in

whic h w e construct the augmen ted CF G - that is, the CF G whic h represen ts

p ossible executions of a w o v en base program and asp ect - b y tagging the

no des of the asp ect advice and using these tags in the con trol 
o w analysis

w e p erform.

Data Flo w Analysis (DF A) The second goal is the data-
o w analysis of the

augmen ted CF G. The realisation of the �rst goal ensures that this analysis is

mo dular, as the e�ects of the asp ect can b e clearly seen and bac ktrac k ed to

the original structure via the tags w e ha v e in tro duced. The transformation of

the CF G enables us to map existing tec hniques to asp ect-orien ted programs.

An initial di�cult y is �nding the lo cation of joinp oin ts at whic h the asp ect

advice migh t b e applied in our system at pre-w ea v e time. Di�eren t A OP mo dels

use a v ariet y of p ointcut descriptors (PCDs) at whic h advice can applied, some of



whic h are more di�cult to statically determine than others. A t this stage w e use

a simple PCD mo del based on pattern-matc hing of metho d signatures, with the

aim of extending the mo del as the approac h is dev elop ed, p erhaps using abstract

in terpretation[7] for con trol-
o w based PCDs.

F rom this, w e extract con trol 
o w graphs from the b yteco de of the base

program and the asp ect (extracted from the Asp ectJ compiler[1]). W e then tag

eac h no de of the asp ect's CF G to sho w us that it is part of the asp ect and not

the base. This is represen ted in Fig. 1 b y means of a dashed b o x. When the

CF Gs are comp osed to form a mo del of the augmen ted system, the tags are

main tained and giv e us the basis for a mo dular reasoning framew ork.

W e then construct an augmen ted CF G b y adding transitions from the join-

p oin ts to the asp ect's CF G, using an extension of the curren tly a v ailable So ot

metho ds for doing so. This is comparable to existing tec hniques used for in ter-

pro cedural analysis, and so w e transform the CF G in suc h a w a y that these

traditional approac hes can b e used. One di�cult y in the CF G transformation is

the problem of asp ect p oin tcuts whic h ha v e formal parameters that need to b e

b ound. W e en visage this b eing equiv alen t to inserting a decision no de based on

the predicates of the joinp oin t with a \metho d call" to the advice no de if the

predicates ev aluate to true.

2

F or example, for simple advices, w e can simply add a transition from eac h

no de corresp onding to a p oin tcut at whic h the asp ect applies to the b eginning

of the CF G of the asp ect's advice, and a similar return transition, dep ending on

what kind of advice is b eing applied (see Fig. 1 for an example).

Fig. 1. The result of w ea ving a logging asp ect on a base program consisting of an

advised while lo op

After this, w e are left with an abstract augmen ted CF G on whic h w e can

p erform data 
o w analysis.

2

A t this stage w e only consider homogeneous asp ects, i.e. asp ects consisting of one

advice relating to one concern. Heterogeneous asp ects will b e considered later in the

dev elopmen t of our approac h.



Here w e use the classi�cation of an asp ect[16, 5, 20, 12] to determine what

analysis to p erform. F or example, if the asp ect is sp ectativ e[20] (that is, do es not

a�ect the state of the base system - e.g. a logging asp ect), w e do not need to c hec k

for violation of prop erties in the base system at all, reducing the in tensiv eness

of the analysis. The abilit y to cut out stages of the analysis also enables us to

reduce the lev el of abstraction w e need to p erform, meaning that w e ha v e a

higher probabilit y of obtaining meaningful results.

4.2 Adapting a Simple Analysis

T o illustrate this, w e sho w ho w w e w ould attempt to adapt a simple data-
o w

analysis to a program in the presence of asp ects. Live variables analysis is a

classical data-
o w analysis whic h aims to determine whether there exists, at a

program p oin t p , a path from the exit of p to a use of a v ariable suc h that there

are no p oin ts on the path whic h rede�nes the v ariable [14]. That is to sa y , it

aims to compute, for a giv en program p oin t p , whic h of the v ariables curren tly

de�ned at p can still ha v e an impact on remaining execution of the program (i.e.

are still "aliv e").

It is a bac kw ard 
o w analysis, and uses t w o 
o w sets g en

LV

, the set of

v ariables whic h app ear in a blo c k; and k il l

LV

, the set of v ariables whic h are killed

(that is, rede�ned) in a blo c k. The t w o 
o w functions LV

exit

( l ) and LV

entr y

( l )

then calculate whic h v ariables are liv e at, resp ectiv ely , the exit and en try of a

program blo c k lab elled l . They are de�ned th us:
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where S

?

is the program w e are analysing; ( l

0

; l ) 2 f l ow

R

( S

?

) means that

the program 
o ws forw ards from l to l

0

and th us bac kw ards from l

0

to l ; and

B

l

is the program blo c k in S

?

whic h has the lab el l . In tuitiv ely , then, the set of

equations sa ys that, at the exit to a blo c k, the set of liv e v ariables is exactly the

set of liv e v ariables at the en try of the blo c k follo wing it; and at the en try to a

blo c k, the set of liv e v ariables is the set of liv e v ariables at the exit, min us those

v ariables that ha v e b een killed (i.e. rede�ned) in the blo c k, plus those v ariables

that ha v e b een used in the blo c k.

This analysis w orks w ell for simple programming languages without functions

or pro cedures, that is, intr apr o c e dur al analysis whic h only op erates within a

single con trol 
o w. Interpr o c e dur al analysis [14] - that is, analysis whic h tak es

in to accoun t con trol b eing passed to other pro cedures, functions and advices -

in tro duces concepts suc h as call and return lab elling and parameter passing for

pro cedural languages, and there has b een signi�can t w ork on adapting this for

ob ject-orien ted languages already , e.g. [4]. F urther adaptation to more complex



languages requires signi�can tly more sophisticated tec hniques for determining

con trol 
o w, parameter passing and dynamic features of the language.

T o adapt this analysis to b e a) applicable to asp ect-orien ted languages and

b) mo dular, w e in tro duce the notion of tagge d 
ow sets . The idea is that w e

encapsulate the data-
o w information whic h is pro vided b y the asp ect in separate


o w sets suc h that w e can p erform in trapro cedural analysis on the asp ect co de,

while retaining the abilit y to p erform in terpro cedural analysis on the whole

program. In other w ords, w e can see ho w the whole program's prop erties are

a�ected b y the in tro duction of an asp ect b y considering the whole program.

Ho w ev er, w e can also see ho w an asp ect w ould a�ect a certain base program

giv en certain v alues for the binding of its abstract en tities. W e can then use this

information to b egin to extrap olate ho w the asp ect w ould b eha v e giv en certain

classes of v alues - for example, whether a �eld is b ound to a p ositiv e or a negativ e

n um b er - and th us create abstractions of ho w the asp ect will a�ect a system,

and th us create partial results whic h can b e reused.

W e in tro duce a set adv ices , whic h is the advices � whic h apply at a certain

join p oin t
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( J P

?
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With this framew ork, w e can reform ulate the classical liv e v ariables analysis

with tagged 
o w sets g en

A
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and k il l

A

LV

for an asp ect A whic h in tro duces a

before() advice � (this w ould b e sligh tly di�eren t for di�eren t kinds of advice).

LV

exit

remains the same (as f l ow

R

will include the asp ect statemen ts as w ell as

the base co de), but LV

entr y

no w has t w o forms:

LV

entr y

( l 2 adv ices ( S

?

)) = ( LV

exit

( l ) n k il l

A

LV

( B

l

)) [ g en

A

LV

( B

l

) (1)

LV

entr y

( l =2 adv ices ) =

(( LV

exit

( l ) n k il l

LV

( B

l

)) [ g en

LV

( B

l

))

\ (

S

f LV

entr y

( l

0

) j l

0

2 adv ices ( l ) g )

(2)

So w e no w ha v e t w o equations for computing liv e v ariables - one for when

w ere dealing with a blo c k of co de thats in some asp ect advice (equation (1)),

and one when it isnt (equation (2)). When w e are dealing with advice co de, w e

ha v e the same equation as previously , except using the tagged 
o w sets. When

the co de is in the base system, w e compute the same as b efore, but w e ha v e to

add in the information from the advice - so w e also w ork out whic h v ariables

ha v e b een killed from the advices whic h apply at that program p oin t.

In tuitiv ely , then, w e form ulate the liv e v ariables analysis based, not only

on the pro ceeding statemen ts in the base program, but also in the statemen ts

3

Here w e assume static joinp oin ts. F or dynamic joinp oin ts, w e w ould ha v e to consider

the v arious joinp oin t shadows - that is, the static co de p oin ts at whic h dynamic

asp ects c ould apply .



con tained within the co de of the asp ects whic h apply at the program p oin t

in question. Th us, w e retain the encapsulation required, while still ha ving the

abilit y to ev aluate the whole program as a single en tit y .

W e plan to extend the So ot framew ork[22] to implemen t our approac h. One

of the b ene�ts of this sophisticated optimisation framew ork is the abilit y to

transform Ja v a b yteco de in to an in termediate represen tation called Jimple, on

whic h insp ection and analysis can b e p erformed.

4.3 F uture W ork

The mo dular v eri�cation, as describ ed ab o v e, of a concrete asp ect statically

w o v en in a concrete base system is an appreciably di�cult task whic h w e hop e

our approac h go es some w a y to resolv e. Ho w ev er, the v eri�cation of generic

asp ects and bases is more di�cult still - giv en an asp ect with a abstract advice

and an unde�ned joinp oin t, can prop erties b e v eri�ed? Con v ersely , can concrete

asp ect b e sub ject to formal analysis ev en without a concrete base on whic h to

w ea v e?

W e en visage that our approac h can b e used to facilitate more mo dular rea-

soning ab out the e�ect of generic asp ects on an arbitrary base program, a future

goal for our approac h. Giv en the So ot framew ork's abilit y to generate class�les

from scratc h, w e ma y b e able to pro duce a sk eleton base program (or dummy

program[19]) on whic h the w ea ving of a concrete asp ect can b e c hec k ed. Again,

w e hop e to able to use the categorisation of the asp ect to restrict the set of p os-

sible programs and/or program executions on whic h the w ea ving of the asp ect

mak es sense, to reduce the resource in tensiv eness of this approac h.

Esp ecially , w e en visage an application in the extremely di�cult discipline

of v erifying dynamic A OP systems - that is, systems on whic h asp ects can b e

w o v en, c hanged or remo v ed while the program is running. Being able to pro duce

partial results ab out the w ea ving of an asp ect b efore it is due to b e w ea v ed

w ould b e a signi�can t step forw ard in the goal of e�ectiv e and v eri�able reuse

and ev olution of dynamic Asp ect-Orien ted Programs.

5 Conclusion

W e ha v e presen ted a no v el approac h to the v eri�cation of asp ects based on

con trol 
o w analysis, using tagging to k eep the base and the asp ect distinct in

our analysis suc h that the results can b e bac ktrac k ed to the original program

structure. W e en visage that bringing structural kno wledge to the complex action

of 
o w analysis will enable m uc h more e�cien t static reasoning of asp ect-orien ted

programs, and w e hop e to b e able to map existing 
o w analysis tec hniques to

analysis of suc h programs. W e ha v e sho wn p ossible extensions in the �elds of

v erifying abstract asp ects on abitrary base systems and v erifying dynamic A OP

systems.
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