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ABSTRACT
While management of today’s software systems is usually
performed by humans using some user interface (UI), auto-
nomic systems would be self-managed.

This doctoral research addresses the research prob-
lem of gradual transition towards self-managed soft-
ware systems and proposes and investigates a par-
ticular architecture for its solution.

In particular, we propose unified communication between
a system to be managed and its (human or autonomic) man-
ager. Such communication is specified using our high-level
discourse metamodel based on insights from theories of hu-
man communication. This should make such communica-
tion easier to design and understand by humans.

Categories and Subject Descriptors
D.2 [D.2 Software Engineering]: Software Architectures;
K.6 [Management of Computing and Information Sys-
tems]: System Management

General Terms
Design, Management

Keywords
self-managing systems, autonomic computing

1. INTRODUCTION
Large and complex software systems need to be managed

with respect to, e.g., trouble shooting, dynamic reconfigura-
tion and parametrization. Managing such systems requires
dedicated and especially trained personnel and is, therefore,
costly. For example, companies now spend between 33%
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and 50% of their total cost of ownership recovering from
or preparing against failures and 80% is spent on opera-
tions, maintenance and minor enhancements [19]. In addi-
tion, a special user interface for management tasks has to
be provided, either built into the software to be managed
or plugged onto it. In order to address these issues, there is
relatively new research on autonomic systems [8] that would
be self-managed. The basic idea is to have a so-called au-
tonomic manager, which is itself built in software — as a
separate component — and supposed to manage the soft-
ware system in question [8]. Unfortunately, this ambitious
approach is difficult to implement at once and to put into
wide-spread industrial use, especially for legacy systems.

The doctoral research presented in this paper addresses
the research problem of gradual transition towards self-man-
aged software systems and proposes and investigates a par-
ticular architecture for its solution. In our approach, “human-
managed” and “autonomic-managed” live together, where
more and more related tasks will be moved from the human
administrator to the autonomic manager. For such an ap-
proach, it is desirable to have the communication between
the managed software system and its (human or software)
manager on the same semantic level. In particular, this ar-
chitecture utilizes high-level interaction specifications based
on discourse models. Such discourse models are based on
insights from theories of human communication and will al-
low for a unified approach to high-level communication be-
tween the managed software and both its human and its
autonomic manager. As a consequence, this communication
will be better understandable as well as easier to design
by humans. Additionally, the user interfaces can even be
generated automatically from such well-defined interaction
specifications.

In the remainder of this paper we give a brief survey of
related work and background on human communication the-
ories used. Then, we sketch our transition architecture and
our discourse metamodel. Finally, we conclude with an out-
look on future work.

2. BACKGROUND

2.1 Self-Managed Software Systems
Management of software systems includes processes and

tasks required to control, measure, optimize and configure
software in a computing system. It is crucial to satisfy qual-
ity requirements such as performance, availability and secu-
rity. Nowadays, software systems are managed by humans
with possibly some more or less sophisticated tools.
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Figure 1: Transition Architecture.

In order to continue to grow in terms of complexity and
still being manageable and operating at reasonable costs,
software systems should function with least possible human
intervention. Humans should ideally only define high-level
business policies and the system should adapt to any changes
and influences during runtime. Following this, software sys-
tems should operate analogously to the human autonomic
nervous system, controlling most important body functions
without concision intervention from the brain. Researchers
at IBM came up with this idea in 2001, addressing increasing
complexity and total cost of ownership [5, 8]. However, some
approaches for self-adaptive software existed already (e.g.,
[16]). Since then, several approaches have been presented
for adding the autonomic capabilities to software systems
[4, 10], however very few of them consider the transition
towards self-managed systems.

Parekh et al. [17] address the addition of autonomic capa-
bilities into legacy systems and thus the transition towards
self-managed systems in some sense. The interaction be-
tween legacy system to be managed and the autonomic con-
trollers is based on publish/subscribe event notification in
their approach and is still on a low abstraction level.

In [20] a programming model for effectors is proposed in
order to abstract from their technical details. This abstrac-
tion would probably contribute to easier transition. We
use insights from human communication theories in order
to make such an abstraction understandable to humans.

Unfortunately, the previously proposed protocols for com-
munication between managed elements and autonomic man-
agers are still on a low semantic level (e.g., standard Web
services [6]).

Generally, a lack exists in the generic approaches which
would give the foundations for the field [9]. Our work in-
tends to contribute filling this gap. We are not aware of any
complete, defined approach for the transition from human-
to self-managed software systems.

2.2 Communication Theories
Communication with and within software systems can be

specified in many ways, where traditionally a major dis-
tinction is made whether it is with a human user or within
software. We strive for a unified and high-level approach to
communication based on the following work:

Communicative acts Philosophers observed that human
speech is also used to do something with intention —
to act. Early and seminal work on speech acts was

done by Searle [18]. In this essay Searle claims that
“speaking a language is performing speech acts, act
such as making statements, giving commands, asking
questions and so on”. Such speech acts are basic units
of language communication. Since speech act theory
provides a formal and clean view of communication,
computer scientists have found speech acts very useful
for describing communication also apart from speech
or natural language (e.g., inter-agent communication
in FIPA Agent Communication Language (ACL)1 and
information systems [14]). To emphasize their general
applicability, the notion communicative act is used in
this context.

Rhetorical Structure Theory Rhetorical Structure The-
ory (RST) [12] is a linguistic theory focusing on the
function of text, widely applied to the automated gen-
eration of natural language. It describes internal re-
lationships among text portions and associated con-
straints and effects. The relationships in a text are
organized in a tree structure, where the rhetorical re-
lations are associated with non-leaf nodes, and text
portions with leaf nodes. In our work we make use of
RST for linking communicative acts.

We have already worked on discourse models derived from
human-human communication for modeling human computer
interaction [2]. The work prior to this research showed that
it is possible to generate user interfaces automatically from
specifications based on communicative acts [3]. Our prelim-
inary thoughts on using such discourse models for unified
communication within systems-of-systems (some systems in-
cluding humans) are promising as well [7].

3. TRANSITION ARCHITECTURE
Figure 1 illustrates a sketch of our new transition archi-

tecture. It is supposed to facilitate the transition to self-
managed systems by supporting unified communication with
human administrators and an autonomic manager. During
transition towards self-managed operation of the software
system, human administrators would be gradually replaced
by the software component autonomic manager.

For software systems being manageable, they have to pro-
vide two types of interfaces: Sensors and Effectors [6] (S and

1Foundation for Intelligent Physical Agents, Communicative
Act Library Specification, www.fipa.org



Figure 2: Self-Management Discourse Metamodel.

E in Figure 1). Sensors provide information about current
system properties, either on request or on their own initia-
tive. (That is why the related arrow in Figure 1 is bidirec-
tional.) Effectors offer functionality to invoke some action
in the system, e.g., for changing some property. (Since these
actions are invoked from the outside only, the related arrow
is unidirectional.) For example, an application server could
provide information about processor and memory load at
its sensors and offer functionality for changing parameter
values at its effectors.

Today’s software systems typically provide such access on
the level of object-oriented interfaces or Web services. This
involves some form of message passing, metaphorically de-
fined on a slightly higher level than pure procedure calls.
Still, such interfaces would be on a lower level than our pro-
posed discourse models presented below.

Therefore, it will be necessary to “wrap” the lower-level
interfaces in a Discourse Engine as indicated in Figure 1.
For the autonomic manager as the communication partner,
the same kind of “wrapper” has to be provided by another
instance of the Discourse Engine. The Discourse Engines
control basically the flow of discourse. For the human ad-
ministrator as the communication partner, a UI Generator
will be provided for automated generation of a user interface.
For both communication partners, however, the same com-
municative acts would flow back and forth in the course of
enacting the discourse. For which communication partner
they are translated — human or software, respectively —
and how, is to be handled by the Communication Platform.

This architecture covers the whole spectrum of manage-
ment possibilities. Without an autonomic manager first, it
provides for high-level communication with the human ad-
ministrator only, through a generated user interface. Dur-
ing the transition, the Communication Platform handles the
management partly done by the human administrator and
partly by the autonomic manager. Over time, more and
more management tasks will be taken over by the autonomic
manager. Finally, the vision is to have a fully self-managed
system, where the high-level communication between the
autonomic manager and the managed system is better un-
derstandable and easier to specify by humans.

4. DISCOURSE METAMODEL
Our self-management discourse metamodel defines what

the models of an interaction design specification should look
like in our approach and is based on insights from several
theories of human communication. Discourse models ac-
cording to this metamodel can specify the communication

within software systems, more precisely between the man-
aged software system and its autonomic manager.

Our new approach for interaction modeling in terms of
discourses can be sketched as follows. In essence, it has
communicative acts as its “atoms”, from which “molecular”
structures can be composed in two ways:

• According to Conversation Analysis [11] there are fre-
quently occurring pairs of communicative acts — ad-
jacency pairs. E.g., a question should have a related
response, and a request should have an accept or a re-
ject. So, adjacency pairs of communicative acts create
dialogue structure and are modeled in our metamodel
by the isAdjacentTo relation.

• RST relations provide structure relating communica-
tive acts (or adjacency pairs) and further structures
made up of RST relations.

The metamodel shown in Figure 2 as UML class diagram
consists of two main parts. The left part contains commu-
nicative acts, RST relations, and their hierarchical struc-
ture; the right part consists of classes involved in the de-
scription of management interfaces.

The Communicative Act class carries the intention of the
interaction like asking a Question about Total CPU Load.
The communicative acts can be further classified into Asser-
tions, Directives and Commissives. Assertions convey infor-
mation without requiring receivers to act beside changing
their beliefs (e.g., Informing and Answer). Directives (e.g.,
Question, Request, Accept) and Commissives (e.g., Offer)
require an action by the receiver or sender and the advance-
ment of the discourse by further communicative acts. This
classification is not shown in Figure 2 to avoid cluttering the
diagram.

RST relations relate communicative acts and further struc-
tures made up of RST relations. The top left part of Fig-
ure 2 makes up the hierarchical structure of RST, by gen-
eralizing RST relations and communicative acts into nodes
which are related by RST relations and thus form a tree
structure. There exist several types of rhetorical relations
such as Result, Condition, Background, etc. For example, a
Result relation represents that the sequence of actions is a
consequence of the “situation” resulting from the preceding
interactions. A Condition represents that some conditions
have to be fulfilled by preceding interactions in order to con-
tinue with the discourse. These particular relations are not
shown in Figure 2 to avoid cluttering the diagram. Part of
our research is to investigate the applicability of particular
relations to the self-management domain.



The right part of Figure 2 represents the content of dis-
course for managing a software system. There are two kinds
of information to be exchanged between a software system
and its (autonomic or human) manager, namely the infor-
mation about current system properties and the actions re-
quested by the autonomic manager which are to be executed
by the Managed System. We define two types of properties:
StateInformation and StructuralInformation. StateInforma-
tion represent the system as seen from outside using its pa-
rameters (black box). StructuralInformation can carry the
information about runtime architecture and structure of the
system. However, our metamodel does not define the for-
mat of the content. So, common standards such as Common
Base Event format [15] could be used.

5. CONCLUSION AND FUTURE WORK
In essence, this research proposes and investigates a new

architecture for transition towards self-managed software
systems where a high-level discourse metamodel will be used
for unified communication within this architecture. The ex-
pected results of this research will facilitate and hopefully
speed up the transition from human- to self-managed soft-
ware systems. Since this transition is challenging and should
happen gradually, foundations and tools — as to be devel-
oped in the proposed project — are crucial.

Currently we are working on prototypic implementation
of our approach on the top of the Java application server
(JBoss2). We will evaluate autonomic capabilities as well
as a transition process according to experiences from the
research community (e.g., [1]). Future research will include
further development of our architecture and its evaluation as
well as validation of our discourse metamodel against self-
management scenarios. Another part of the research will
investigate a transition process using our approach accord-
ing to the IBM autonomic maturity levels criteria [13].
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