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Abstract. This paper proposes a method for recovery and subsequent
maintenance of the architecture for actively evolving software systems.
The method's underlying idea has to do with constructing a basic set
of the architecture elements, which set would then be used for creating
di�erent views of the system. The responsibilities of the modules, which
make up the software system, as well as elements of the system's data
dictionary, are considered elements of this basic set. Of special meaning
is the fact that the system is being actively maintained and developed,
that the knowledge about it is accessible, but needs to be alienated from
the respective bearing media, to be generalized and formalized.

1 Introduction

While many software products, for which the architecture was never formalized,
may exist for years and be successfully maintained, still one can face a situation
when formalization of the system architecture becomes a priority task. As a
result, a lot of architectural imperfections in the system reveal themselves, and so
there comes such moment in the life of the product, when its further development
is impossible without improving the architecture, which requires formalizing the
latter. Even though various methods of analyzing and designing software systems
have been spreading widely [11, 9, 10], it is a great problem to use such methods
in the situation like this. On the one hand this activity can cause serious internal
restructuring of the system. On the other hand, we should take into account the
peculiarities of the system being analyzed ad a \living" system, particularly
we cannot ignore the commercial aspects of the software development process,
issuing of new versions, service packs, and the implementation of new customer's
requests.

Thus there is a problem: how to perform reverse engineering of the architec-
ture of the actively evolving system, with most e�ective gathering and formali-
sation of the meta-information on the system. At the same time the architecture
views should be supported in actual state while the system will evolve.



2 Related Works

There are many methods and tools of reverse engineering designed for recovering
the knowledge about a system architecture based on source code parsing (Re-
�ne/C, Imagix 4D, Rigi, Sni� [6, 9], RescueWare). Also there are formal methods
of the reverse engineering [3].

All these methods have the same weak point: absence of mechanism for syn-
chronization of the model recovered with the source code of the software system.
This problem makes very ine�ective the use of such methods for actively evolv-
ing systems. From this point of view, there are more perspective Use-case driven
methods [4], because the models that were derived with this method should be
more stable to the system's changes on the practice. Data-mining methods [7],
relying on the inner links between system elements are also interesting from the
same viewpoint. However, all these methods are more suitable for the architec-
ture of the \dead" system.

Round-Trip development methods, that are provided with some CASE-packages
(e.g. Rational Rose, Together), enables the bi-directional connection of source
codes and the architecture view. But the quality of the information visualized is
unsatisfactory, because in fact, we do not get any new meta-information on the
system, but only visualize the source code structure.

3 Starting Point

Let's formulate the basic problems that are to be solved with the presented
method of architecture recovery:

1. The utilization of the features of the \living" system for the most e�ective
architecture recovery;

2. The ability of the maintenance and further development of the architecture
view of the software system;

3. The ability of step-by-step adopting of the process of development and sup-
port of the architecture without any serious damage to industrial require-
ments to the process.

4 The Method

The method propesed in this paper consists of the following parts:

1. Model - means or architecture formalization.

2. Principles of formalizing architecture by means of the model propesed.

3. Principles of maintaining the formalized architecture model.



4.1 Model

The system architecture model proposed with this method consists of the fol-
lowing views: Structure views, Dynamic views and Physical view.

The basis of describing the system architecture is a System Structure descrip-
tion, which it is proposed to implement on the physical level (Physical view) and
the logical level (Structure views). The Dynamic views are needed in order to
determine the main scenarios of the system's operation.

The necessity of di�erent kinds of views of the software is well known [1, 5, 8].
With the method in discussion, it is proposed to construct also a set of various
Structure and Dynamic views, which is motivated by the following considera-
tions:

1. The participants of the project, whose positions are on di�erent levels of the
hierarchy (managers of di�erent levels) need information about the system
to be specially adapted;

2. There exist both a vertical division of the system (by business functions)
and a horizontal one (by tiers { e. g., User Interface, Business-Logic, Data
Access);

3. There are di�erent modes of packaging and deployment of the system;
4. In order to compile the entire project, information about the structure of

storing the source codes of the system is needed;
5. Organizational structure of the enterprise a�ects decomposition of the sys-

tem.

Structure Views. It is proposed to organize Structure views in the form of
UML class diagrams. We herewith associate some part of the system (subsystem)
with a class. The subsystems are organized into a multiple containment hierar-

Fig. 1. Upper part of a Structure View for the reingineering system, based on the
functional decomposition

chy, with the only restriction that the aggregated subsystems become invisible
from the context, in which their aggregate exists. The di�erent views should be
constructed upon the same basic set of subsystems, but in other respects do
not require any special matching. Associations between the subsystems, which
reect their semantic connections, are possible on each level.



Fig. 2. Upper part of a Structure View for the reingineering system, based on the team
location

On �g. 1 and 2 the fragments of two structure views for the reengineering sys-
tems are depicted. We consider an reengineering system that analyzes programs
on COBOL, PL/I, Adabas/Natural and transforms them to modern platforms.
On the �g. 1 you can see the decomposition of the system being modeled, based
on the functional features. On the other hand, �g. 2 shows the decomposition of
the same system, based on the teams, performing the development.

This sample demonstrates the pro�t of multiple Structure Views for the
software, bacause they reect di�erent points of view, characterizing the system
being analyzed. Synchronization of this views is achieved , because of the fact
that all these views are built on the Basic Set, de�ned below.

Dynamic Views. With the help of the dynamic views it is proposed to
represent the main scenarios of the system's operation. One can associate with
each level of a structure view a dynamic view, which would explain how the
subsystems interact with each other. For this, it is proposed to use the UML
Collaboration Diagrams.

Physical View. This view is designed for inventory of the software source
codes and for associating them with elements of the structure and dynamic views.
In the view, the following items are considered:

1. Set of program modules (e. g., for Microsoft Visual C++ these are projects);

2. System data dictionary, which consists of:

(a) Persistent data (logical data of the system and the corresponding phys-
ical media);

(b) Channel data, with which subsystems exchange not through persistent-
structures (physically media are absent, only logical elements of the data
are there);

(c) Con�guration data that constitute a kind of persistent data, but are
responsible for tuning the system algorithms (logical data and the cor-
responding physical. media).



4.2 Model construction principles

The main stage in the construction of the model is the Basic Set construction.
All structure views will be built in terms of the Basic Set. In order to keep the
correspondence of the views to each other and to make the maintenance easier,
all elements of such views are to be subsets of the basic set of subsystems. So,
the views themselves are hierarchical coverages of the basic set: the elements
of each view form an aggregation hierarchy and the set of leaf nodes in that
hierarchy is a usual coverage of the basic set. The basic set is constructed from
responsibilities, which are assigned to the system modules (3{5 responsibilities
per each module) and with elements of the system data dictionary.

Let's continue considering the example of the reengineering system. One of
the main modules, containing the basic services, used by di�erent system parts
has the following responsibilities:

1. Memory management.

2. Abstract nodes of syntax trees for di�erent input languages.

3. Supplementary data structures (con�guration data, formatted �les etc) and
algorithms of their processing.

The process of the basic set construction is shown in �g. 3. First, all the
existing software elements should be listed in a common inventory. The respon-
sibilities of each element in inventory should be collected in a responsibilities
set. Sometimes several software elements participate in the implementation of
the same responsibility. After such responsibilities are discovered, they should
be equijoined to construct the basic set.

Software
Inventory

Software Elements
(MS VC/VB projects,
persistent data, etc.)

Basic
Set

Responsibilities
Set

Responsibilities
Equjoin

Responsibilities
Elicitation

Fig. 3. Process of the Basic Set construction
Legend: on this �gure the Data Flow Diagams notation is used, the process is depicted
as an oval, and the data are depicted as a rectangle.

When construction of the basic set is �nished, any participant of the devel-
opment process may build for themselves a package of structure and dynamic
views that they need. A coordination of di�erent views is provided by due to
integrity of the set of basic elements, which are placed on di�erent diagrams.



4.3 Model Maintenance Principles

Because the system being modeled is a \living" system, changes to the software
are inevitable. That's why we should study also the ways of keeping the models
in actual state, i.e. the process of the model maintenance.

Let's discuss the architecture maintenance process, which scheme is presented
on the �g. 4. After some changes were made to system software, sta� should make
the set of responsibilities consistent with its real state. All modi�cations could
be classi�ed as responsibility adition, deleting, change or migration. Then it is
needed to modify corresponding Basic Set elements. After that the informa-
tion about the subsystems, directly or indirectly containing modi�ed elements,
should be inspected and updated if needed. At last, Dynamic view elements, i.e.
collaboration items, should be updated.

It should be noted that all views in proposed approach depend on the single
source of changes - the Basic Set, this fact makes the maintenance of the model
easier. Otherwise, when some changes occures in the system, there would be
a lot of di�erent views, that need to be changed separately, but this is very
time-consumimg as well as integrity could be broken.

Changes to
the software

Corresponding
Basic Set
changes

Add/remove/move/
evolve corresponding

responsibilities

Updating all the
subsystems

related to the Basic
Set changes

Changes to the
corresponding

collaboration items

Fig. 4. Architecture Model Maintenance Scheme

5 Conclusions and Futher Research

Here are the conclusions and some directions of further work:

1. Responsibility gathering practice should be elaborated: common problem
domain dictionary should be used, responsibilities should be of comparable
detail and shouldn't intersect.

2. Architecture model representation based on UML should be detailed. Par-
ticularly, it is not obvious which UML element should be used for subsystem
representation.

3. Additional experiments with large real projects should be carried out.
4. Special graphical tool for architecture recovery and maintenance may be

implemented.
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