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Abstract

One observed characteristic of AOP is that it re-
sults in a large number of additional (coarse-
grained to fine-grained) system units (aspects,
concerns) ready to be composed to the final ap-
plication. With this growing number of system
units the dependencies between them become vast
and tangling. Our paper investigates this problem,
proposes a more general model (version model) to
capture different facets of AOP as well as a partial
solution towards unit consistency based on ver-
sions.

1 Introduction and Problem

Aspect-oriented programming (AOP) extends the
potential of common object-oriented software en-
gineering. Besides classes and objects, aspects [9]
or (more general) concerns are an additional type
of system units.

Beyond the identification and definition of con-
cerns a further problem arises: How can an aspect

or concern configuration be verified and how can
the correctness of their mutual dependencies and
interactions be proved? The more concerns avail-
able the more complex and error-prone their com-
bination if manually practiced. The importance of
this problem in the context of aspect-oriented pro-
gramming has already been detected in research as
may be observed in [19, 15, 18].

Two examples of dependencies in practice are:

� Aspects in distributed systems [14]:
In order to keep an application independent
from the communication technique the com-
munication code may be separated in aspects.
When a client wants to access a service ex-
posed by a specific server the client has to
obtain an initial reference to the server. This
can be done either via a name server or via
a file-based solution (the reference is stored
as a string in a file 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 [17]:
In the growing market of small embedded
systems the industry aims at reusing both
control hardware (with small adaptations to
perform the specific services) and the cor-
responding software. The same microcon-
troller 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-
flow) the software may be the same for all
these devices. These statements may be ide-
ally realized as aspects. The problem here is
to assert that an aspect set woven into a spe-
cific base code is complete and that there are
no date-flow statements missing (especially
with respect to security and error handling
code).

In the remainder of the paper we introduce a
version model and show how it captures and ex-
tends the idea of AOP and, moreover, how it pro-
vides a means to preserve consistency and correct-
ness.

2 Version Model

Our approach for the aspect dependency prob-
lem is based on a broader viewpoint onto different
granularity levels 1 of concerns: a version model.
The version model integrates consistency and de-
pendency management in a natural way. It allows
the description of the internal structure of an as-
pect as well as the dependencies between aspects
of a set.

A version model is a model explaining the con-
struction of software systems using the notation
of versions. A version describes a software core
which may contain other versions and has to con-
sist of a valid set of conditions.

1Entire architectures may contain tangling classes or meth-
ods, classes may be cross-cut by methods or attributes and
methods may be intersected by single statements.

Definition: (Version)
The symbol reflecting a version is V k

i where k

represents the granularity (0 stands for the most
low-level granularity) and i gives the index dis-
tinguishing between versions on the same level of
granularity.

Now we can inductively define the construction
of versions:

V ersion V 0
i = 1 ^ Cond0i

whereCond0i represents the condition 2 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.
Similarly we can define the induction step:

V ersion V
(n+1)
i =

m̂

j=1

V n
j ^ Cond

(n+1)
i

with

Cond
(n+1)
i is true;

1 � l � m � jV nj ;

V n
j 2 V n

2

In other words: a version is a set of conditions
(a unification of the particular conditions of a cer-
tain version and all conditions of the subversions
contained in the version). A condition is expressed
as boolean expression.

The operands in such an expression are con-
junction, disjunction, negation. An example for
a condition may be:

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

2Several conditions may be unified in one condition.
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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 = »Statement no. 1 has to be inserted«

 or = »Declaration of a server reference variable has      
          to be inserted« 

Condition:

Condition:

Granularity 

Level 1

Granularity 

Level 2

Granularity 

Level 0

C7 = »System is built for France«

Figure 1: Versions in a Distributed System

where C3, C4 represent some defined condi-
tions (e.g. C3 represents something like “This ver-
sion 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 form-
ing a valid configuration (i.e. resulting in a valid
and reasonable system when woven).

Some of the atomic conditions (in the first
case), for instance, have the following appearance:
S1 = “Statement 1 (code line 1) has to be in the
aspect”.These atomic conditions filter (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”.

The example in figure 1 depicts a version (V 5

respectively V 2
5 ) for a distributed system built

from individual aspects (cf. section 1 first prob-
lem). V 2

5 consists of V 1
1 and V 1

2 and V 1
3 but ex-

cludes 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.

The version model, therefore, provides a con-
sistent support for the software developer giving
aid in producing semantic reasonable aspects and
aspect combinations. It is independent of the un-
derlying implementation technique (e.g. AspectJ
[9] or meta-programming approaches [5, 12]) re-
alizing the concrete aspects and software system.

The advantage of this formalization is that it
provides a base for automatic configuration and
checking. Having defined all relevant conditions
it becomes possible to evaluate these boolean ex-
pressions and to find combinations which are se-
mantically wrong.
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Requirements
Level

Implementation
Level

Set of
implementations
U1, ..., U6

Set of
features
F1, F2, F3

F1
F2

F3

U1

U4

U3

U2
U6

U5

Implemented by

Set of alternative implementations
− all implementing F1

Figure 2: Relationship between Requirements and Implementation Level

3 Conditions

There are several issues to be considered with re-
spect to conditions: The classification, detection,
collection, storage and evaluation of conditions as
well as the different ways to express conditions
in a formal way (allowing automatic evaluation).
Each is an area of research by itself and in this pa-
per we only touch some of these issues.

The concrete conditions are application depen-
dent which means that they appear during the
problem analysis and design of a system. Storing
the conditions, i.e. the versions, in a repository re-
sults in a better reuse [10]. Besides the reuse of
concerns it becomes possible to use existing con-
dition information to decide whether the reuse is
semantically reasonable in a certain context.

Following the traditional model for software de-
velopment we can distinguish between two levels
of semantic knowledge: Conditions referring to
the high-level requirements or to individual imple-
mentations. There is a clear connection between
these two levels as exposed in figure 2.

The formal relationship is: U1, U2 2 Set1; F1,
F2 2 Set2 where Set1 is the set of implementa-
tion units and Set2 is the set of features on the re-
quirements level. Assuming that U1 implements
(besides others) feature F1 and U2 implements
F2 then:

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 expressions.

The distinction between requirements and im-
plementation level is not only limited to the de-
velopment phase of a system or concerns but also
exists in the maintenance phase where additional
conditions may appear. This is due to the fact that
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it is impossible to capture all relevant dependen-
cies and conditions from beginning. Additional
conditions are added as needed or detected in a
piecemeal growth manner [4].

Domain engineering [6] 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
differences of a domain, e.g. in a feature model
[6], it is possible to extend this model by addi-
tional semantic information or even derive logi-
cal formulae directly from the model (the model
already captures semantic relationships as feature
interdependencies).

Until now we regarded the conditions as (bi-
nary) formulae being true or false. Though this
is the first step for a mathematical foundation it
does not yet reflect all the facets of the reality. An
extended version model also considers values be-
tween 0 and 1, temporal and contextual informa-
tion and dependencies.

4 Related Work

Related work may be found in all aspect-oriented
and related approaches e.g. subject-oriented pro-
gramming [8], adaptive programming [11], adap-
tive plug & plays [13], composition filters [1] or
also transformation systems [3].

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 dif-
ferent levels of granularity (in the form of a con-
struction instructions). With the definition of ver-
sions it is possible to extract different views (i.e.
versions) onto one unit. The most important dif-
ference is that the version model integrates (even
focuses on) consistency and dependency manage-
ment (thus addresses the aspect dependency prob-
lem [10]) in a natural way.

With respect to composition validation further
work may be found in [2]. In the GenVoca model
composition is described with type equations. A

design rule checking mechanism detects illegal
combinations. GenVoca is a layered model and
thus only layered composition is considered.

Prior work about versioning at Bell Laborato-
ries and in [16, 20], for instance, has influenced
our version approach.

Generative programming [6] is another related
field which may augment the version model. The
version notation may serve as an input for gener-
ators. Feature models may be an important tech-
nique in this context.

AI technologies can help to manage seman-
tic knowledge. [7] describes a way to use ex-
pert systems to support reuse of object-oriented
frameworks by means of explicitly encoded design
knowledge and user interaction. Concerns compo-
sition conditions are one type of such semantic de-
sign knowledge.

5 Conclusion

The version model proposed in this paper allows
both, to describe the internal structure of an aspect
and to define valid clusters of concerns. Using bi-
nary logical formulae for that purpose provides,
moreover, a mathematical foundation to prove cor-
rectness of composition. This opens the field of
logic and all its algorithms.

An extended version model also considers con-
dition values in the range between 0 and 1, tempo-
ral and contextual information and dependencies.
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