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Abstract. With Aspect-Oriented Programming (AOP) a new type of

system units is introduced (aspects). One observed characteristic of AOP

is that it results in a large number of additional (coarse-grained to �ne-

grained) system units (aspects) ready to be composed to the �nal appli-

cation. With this growing number of system units the dependencies be-

tween them become vast and tangling. This results in the necessity of an

improved management of the dependencies between these system units.

Our paper investigates this problem, proposes a more general model

(version model) to capture di�erent facettes of AOP as well as a partial

solution towards unit consistency based on versions.

1 Introduction and Problem

Aspect-oriented programming (AOP) extends the potential of common (e.g.

object-oriented) software engineering allowing an improved realization of the

\Separation of Concerns" principle [26]. Besides classes and objects, aspects are

an additional type of system units. They serve to localize any cross-cutting code,

i.e. code which cannot be encapsulated within one class but which is tangled over

several classes [20]. Therefore, an aspect is a speci�c type of concern, namely a

cross-cutting concern [19].

Beyond the identi�cation and de�nition of aspects a further problem arises:

How can an aspect con�guration be veri�ed and how can the correctness of their

mutual dependencies and interactions be proved? The more aspects available

the more complex and error-prone their combination if manually practiced. The

importance of this problem in the context of aspect-oriented programming has

already been detected in research as may be observed in [32], [31] and [28].



Examples of dependencies in practice are:

{ Telecommunication domain:

A telephone switching station has to provide many di�erent services. Some

of them are cross-cutting and may be captured in aspects. Inserting aspects

into the running system to extend the functionality may lead to interac-

tions between the newly inserted units and the system units already part

of the system. Research exists dealing with that problem (but still without

employing supportive AOP concepts) [12].

{ Aspects in distributed systems [27]:

In CORBA systems the communication code is strongly interwoven with the

application code. In order to keep an application independent from the com-

munication technique the communication code may be separated in aspects.

When a client wants to access a service exposed by a speci�c server the client

has to obtain an initial reference to the server. This can be done either via

a name server or via a �le-based solution (the reference is stored as a string

in a �le which is accessible for clients and server). Aspects realizing one of

these two alternatives are exclusive. This is already known at design and

implementation time.

{ Cross-cuts in embedded systems [30]:

In the growing market of small embedded systems software is often reused

when the same control hardware is modi�ed in order to perform similar ser-

vices. In the growing market of small embedded systems the industry aims at

reusing both control hardware (with small adaptations to perform the spe-

ci�c services) and the corresponding software. The same microcontroller with

a core software may be used in digital I/O devices or analogue I/O devices

as well as in incremental resolvers. Except to a few statements (handling the

internal data-
ow) the software may be the same for all these devices. Be-

sides a few adaptations of the software statements the software for all these

devices may be reused. These statements may be ideally realized as aspects.

The problem here is to assert that an aspect set woven into a speci�c base

code is complete and that there are no data-
ow statements missing (espe-

cially with respect to security and error handling code). Similar problems

may be found when the systems have to be adapted to di�erent often very

similar �eld-bus protocols.

{ In the AOP workshop at Rennes [19] L. Seiturier presented a Virtual Virtual

Machine (VVM) [6]. A VVM is a micro-VM loading VMlets. A VMlet is

similar to an Applet but describes an execution environment instead of an

application. This technology provides an open virtual machine, a (micro)

runtime, where each domain expert may build his/her speci�c execution

environment adding or modifying functionality (by means of VMlets). Some

of the VMlets may be aspects. The VVM, therefore, weaves aspects into a

base system.

However, no coordinator or similar technology is implemented to avoid clashes

between the separately loaded VMlets. If a VMlet is dependent (e.g. via ini-

tialization) from another one an error occurs.



In the remainder of the paper we introduce a version model and show how

it captures and extends the idea of AOP in a more general way and, moreover,

how it provides a means to preserve consistency and correctness. The approach

presented is not limited to AOP but may be employed for any kind of feature

composition. Section 3 examines the consistency and correctness conditions in

more detail. Some related work may be found in section 4.

2 Version Model

Aspects may cross-cut object systems [20] on various levels of granularity: For

instance, entire architectures may contain tangling classes or methods, classes

may be cross-cut by methods or attributes and methods may be intersected by

single statements.

Our approach for the aspect dependency problem is based on a broader

viewpoint onto the di�erent granularity levels of aspects: a version model. The

version model integrates consistency and dependency management in a natural

way. It allows the description of the internal structure of an aspect as well as

the dependencies between aspects of a set.

The versions we discuss in our approach may be stored in versioning systems

as elaborated e.g. in [13], [23] or [5]. Note that in contrast to that work, we

do not focus on the administration and storage of di�erent versions of software

systems. In our approach versions are issues of system construction with aspects.

However such versioning systems may be applied to manage the versions of our

approach. The described version model and existing systems or research in the

area of versioning systems, respectively, may complement one another.

A version model is a model explaining the construction of software systems

using the notation of versions. A version describes a software core which may

contain other versions and has to consist of a valid set of conditions.

De�nition: (Version)

The symbol re
ecting a version is V
k
i

where k represents the granularity (0

stands for the most low-level granularity) and i gives the index distinguishing

between versions on the same level of granularity.

Now we can inductively de�ne the construction of versions:

V ersion V
0

i = 1 ^ Cond
0

i

where Cond
0

i
represents the condition 1 that has to be true for one version

V
0

i
on level 0. V 0

i 2 V 0 where

V
0
= f

1[
j=1

V
0
j g

is the set of all versions on level 0.

1 Several conditions may be uni�ed in one condition.



Similarly we can de�ne the induction step:

V ersion V
(n+1)

i =

m^
j=1

V
n
j ^ Cond

(n+1)

i

with

Cond
(n+1)

i is true;

1 � l � m � jV
n
j ;

V
n
j 2 V

n

2

In other words: a version is a set of conditions (a uni�cation of the particular

conditions of a certain version and all conditions of the subversions contained in the

version). A condition is expressed as boolean expression (cf. section 3).

The operands in such an expression are conjunction, disjunction, negation. An

example for a condition may be:

V2 ^ (:C3 _ C4) ^ (V3 ^ C3)

where C3, C4 represent some de�ned conditions (e.g. C3 represents something like

\This version is only reasonable if used in France since the dialogues are in French

language.")

The condition V n (in the example: n = 2 or n = 3) means that a version V k
i for

one possible k and i with name Vn is part of the (partial) system.

We now use this version model to model both individual aspects as well as sets of

aspects forming a valid con�guration (i.e. resulting in a valid and reasonable system

when woven). In fact, the border between these two poles is not �xed but is viewpoint

respectively design dependent.

Some of the atomic conditions (in the �rst case), for instance, have the following

appearance: C1 = \Statement 1 (code line 1) has to be in the aspect" = S1, C4 =

\Statement 4 has to be in the aspect" = S4. These atomic conditions �lter (and thus

structure) some part of the total code into aspects.

Atomic conditions in the second case (i.e. the modeling of valid aspect sets based

on versions) are, for instance: A1 = \Aspect with name A1 has to be part of the

system", A2 = \Aspect with ID A2 has to be part of the system". There are di�erent

possibilities to uniquely identify an aspect (e.g. by name or by unique identi�er).

Figure 1 shows an example for the second problem discussed in section 1. We demon-

strate the usage of versions to model the construction:

{ Example for modeling individual aspects (�ne-grained):

Based on a �le containing statements (lines of code) as depicted in �gure 1 a version

re
ecting an individual aspect may be constructed as follows.

V ersion V
1
1 = 1 ^ C

1
1

with C1
1 = C1 ^ C2 ^ :C7 and the atomic conditions Cn = \Statement n has to

be part of the aspect" = Sn, n 2 f1; 2g and C7 = \System is built for France"

(additional condition).



1. Declaration: Server serverRef

2. code statement

3. code statement

4. Read reference to server from file:
   serverRef = get reference from »filename«

5. code statement

Version: (V1 = C1 ∧  C2  ∧  ¬C7)

Version: (V2 = C3)

Version: 

(V5 = V1 ∧  V2 ∧  

         V3  ∧  ¬V4)

Version: (V3 = C4 ∨  C5)

C2 = »Statement no. 4 has to be inserted«

 or = »Access to file has to be inserted«

Version: (V4 = C6)

C1 = »St at ement no. 1 has  t o be i nser t ed«

 or  = »Decl ar ati on of a ser ver  r ef er ence var i abl e has      
          t o be i nser t ed« 

Condition:

Condition:

Granularity 
Level 1

Granularity 
Level 2

Granularity 
Level 0

C7 = »Sys t em i s  built f or  Fr ance«

Fig. 1. Versions in a Distributed System

Note that we start with granularity 1 in this case. Granularity level 0 re
ects single

statements or their existence respectively.

Besides the construction of aspects, the version model also serves to express the

proper combination of aspects which is a logical and consistent continuation of the

�rst case but on a higher granularity (cf. the following example).

{ Example for modeling a set of aspects forming a valid con�guration

(coarse-grained):

Figure 1 contains a version (V 5 respectively V 2
5 ) for a distributed system built

from individual aspects. V 2
5 consists of V 1

1 and V 1
2 and V 1

3 but excludes V 1
4 . In

other words V 2
5 is valid when all the expressions or conditions of V 1

1 , V
1
2 and V 1

3

are true and V 1
4 is false. Note that the versions of granularity level 1 also contain

conditions which have to be true otherwise these versions are not valid. E.g. V 1
1

may represent the �le-based reference of the server (expressed by C1
1 and C1

2) from

non-French systems (represented by :C1
7 ).

The version model, therefore, provides a consistent support for the software devel-

oper giving aid in producing semantic reasonable aspects and aspect combinations. It

is independent of the underlying implementation language and technique realizing the

concrete aspects and software system (e.g. AspectJ [1], HyperJ [3], meta-programming

approaches or transformation systems [15], [24], [2], [10], respectively). The advantage

of this formalization is that it provides a base for automatic con�guration and checking.

Having de�ned all relevant conditions it becomes possible to evaluate these boolean

expressions and to �nd combinations which are semantically wrong (then the boolean

expression of the version is false).



3 Conditions

There are several issues to be considered with respect to conditions: The classi�cation,

detection, collection, storage and evaluation of conditions as well as the di�erent ways

to express conditions in a formal way (allowing automatic evaluation). Each is an area

of research by itself and in this paper we only touch some of these issues.

The concrete conditions are application dependent which means that they appear

during the problem analysis and design of a system. Storing the conditions, i.e. the

versions, in a repository results in a better reuse [21]. Besides the reuse of the aspects

and additional system issues it becomes possible to use existing condition information

to decide whether the reuse is semantically reasonable in a certain context.

Requirements
Level

Implementation
Level

Set of
implementations
U1, ..., U6

Set of
features
F1, F2, F3

F1
F2

F3

U1

U4

U3

U2
U6

U5

I mpl ement ed by

Set  of  alt er nati ve i mpl ement ati ons
− all  i mpl ementi ng F1

Fig. 2. Relationship between Requirements and Implementation Level

Following the traditional model for software development we can distinguish be-

tween two levels of semantic knowledge: Conditions referring to the high-level require-

ments and features and conditions on the level of the individual implementation. There

is a clear connection between these two levels as exposed in �gure 2.

Formally the relationship can be expressed as follows:

U1, U2 2 Set1; F1, F2 2 Set2 where Set1 is the set of implementation units and Set2

is the set of features on the requirements level. Let us assume that U1 implements

(besides others) feature F1 and U2 implements F2 then the following property holds:

valid(U1; U2)) valid(F1; F2)

valid(F1; F2) 6) valid(U1; U2)



with function

valid(X;Y ) =

8><
>:

1 : X and Y form a

valid combination

0 : X and Y form an

invalid combination

Function valid(X;Y ) may be calculated by evaluating the binary condition expres-

sions.

The distinction between requirements and implementation level is not only limited

to the development phase of a system or aspects but also exists in the maintenance

phase where additional conditions may appear. This is due to the fact that it is impos-

sible to capture all relevant dependencies and conditions from beginning. Additional

conditions are added as needed or detected in a piece-meal growth manner [14].

Domain engineering [16] is a powerful means to detect and capture reoccurring and

thus reusable conditions on the requirements level for a certain domain. While modeling

the commonalities and di�erences of a domain, e.g. in a feature model [16], it is possible

to extend this model by additional semantic information or even derive logical formulae

directly from the model (the model already captures semantic relationships as feature

interdependencies).

Until now we regarded the conditions as (binary) formulae being true or false.

Though this is the �rst step for a mathematical foundation it does not yet re
ect all

the facettes of the reality. An extended version model also considers values between 0

and 1, temporal and contextual information and dependencies.

4 Related Work

Complementary work may be found in [21]. The Hoare triples (or pre- and post-

conditions as its realization mechanisms respectively) are employed to guarantee valid

aspect combinations during the combination process. While [21] concentrates on the

checking mechanism and assumes given aspect combination rules without focusing on

the rules themselves the approach in this paper provides a version model to structure

the rules or conditions respectively. This is a step towards improved mathematical

support dealing with a complex set of rules and also towards their (partial) automatic

processing.

Related work may be found in all aspect-oriented and related approaches like

subject-oriented programming [18], adaptive programming [22], adaptive plug & play

components [25], composition �lters [7] or also transformation systems [10].

Common to all these approaches is the goal to divide a system into smaller units in

a more natural way aiming at reducing the gap between code and reality and managing

the inherent complexity.

The proposed version model is orthogonal to these approaches as it provides a

means to describe the system units in a more abstract way on di�erent levels of gran-

ularity (in the form of a construction instruction). With the de�nition of versions it

is possible to extract di�erent views (i.e. versions) onto one unit. The most impor-

tant di�erence is that the version model integrates (even focuses on) consistency and

dependency management in a natural way.

With respect to composition validation further work may be found in [9]. In the

GenVoca model composition is described with type equations. A design rule checking



mechanism detects illegal combinations. GenVoca is a powerful layered model and thus

mainly layered composition is considered.

Prior work at Bell Laboratories and in [29] about versioning has in
uenced the

proposed version model approach.

Generative programming [16] is another related �eld which may augment the ver-

sion model. The version notation may serve as an input for generators. Especially

domain engineering as one part of the generative programming approach is, vice-versa,

a means to detect, collect and describe semantic conditions. Feature models may be an

important technique in this context.

Requirements engineering methods in general bear a potential to detect and ex-

plore semantic knowledge which is needed in the version model and captured in the

conditions.

Also, AI technologies like expert systems may be used. [17] describes a way to use

expert systems to support reuse of object-oriented frameworks by means of explicitly

encoded design knowledge and user interaction. Aspect composition conditions are one

type of such semantic design knowledge.

An alternative approach using logic to describe aspect dependencies may be found

in [11].

University of Twente currently conducts research on fuzzy quanti�cation of domain

knowledge which is a promising complement to the presented work [8].

5 Summary and Conclusion

The version model proposed in this paper allows both, to describe the internal structure

of an aspect and to de�ne valid clusters of aspects. Using binary logical formulae for

that purpose provides, moreover, a mathematical foundation to prove correctness of

composition. This opens the �eld of logic and all its algorithms.

An extended version model also considers condition values in the range from 0 to

1. Semantic conditions may have a value in a range of discrete or analogue values.

Currently, further research is going on in this area together with University of Twente

in the context of the European project EASYCOMP [4].
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