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Abstract

Embedded systems, ubiquitous computing, and net-
worked architectures are research areas in computer sci-
ence where the features of organic computing become
increasingly essential. Such features, like self organiza-
tion and self configuration need to be combined with
the still increasing requirement for computing perfor-
mance. Adaptive computing systems are a promising
completion to classical computer architectures. Adap-
tive Computing Systems (ACS) offers the opportunity
to adapt the whole architecture or parts of the architec-
ture to the changing needs of applications or changing
environments. Reconfigurable Logic (RL) can itself con-
tain Mono- or Multiprocessors or it can be a component
in such systems or computer clusters. All levels of paral-
lelism can be combined with all levels of reconfigurabil-
ity. Configuration and concurrency offer a huge design
space to be explored. They become tightly correlated
issues in modern adaptive computer architectures. Dif-
ferent grains of configurability bring the flexibility into
architectures. This flexibility is necessary to achieve a
better exploitation of parallelism in algorithms. Archi-
tectures can thus be adapted to all the needs of problems
or algorithms to turn the inherent or explicit parallelism
into efficiency.

The paper addresses some of these aspects and
presents some ideas for modelling and classifying adap-
tive computing systems (ACS) on different levels of gran-
ularity.

1 Introduction

Modern computer systems will increasingly consist
of autonomous and cooperative system parts with a
self-organizing behaviour. Self-organization is mainly
conducted by adaptive and context-oriented behaviour.
Therefore such systems are called organic computer
architectures [1].

The following features of organic computing will have
to be integrated into all types of adaptive systems.

e self configuration: The system should adapt itself
to different environments. Sign-in and sign-off at
runtime should be available for all machines in the
cluster

e adaptivity: The system should cope with heteroge-
neous computers, so computers with different speeds
and even different operating systems can partici-
pate.

e self distribution: Intelligent distributed schedul-
ing and migration schemes should offer that data
and instruction code are automatically distributed
among the participating computing devices at a
minimum cost of machine time.

e self organization: The system should automatically
reorganize and rebalance itself if an imbalance, e.g.
due to preceding growing and shrinking, leads to a
costly overhead in runtime or communication laten-
cies.

e self healing: Crashes should be detected, handled
and corrected by the system automatically.

e automatic parallelization: Hidden parallelism in
programs should be detected and exploited.

e self protection and protection of others: For a clus-
ter of computing devices working within an open
network it is important to consider safety aspects.
The authenticity of users and data has to be en-
sured, and sabotage, spying and corruption has to
be prevented.

e accounting: Mechanisms and cost functions for
accounting of provided and used computing time
should be offered.



Besides monolithic processors and dedicated parallel
computers with a fixed topology large clusters of pro-
cessing nodes as parallel systems become increasingly
important. These clusters show a huge dynamic and
heterogeneity with a structure that is usually unknown
at the compile time of the application. Furthermore,
the CPUs of the cluster have immense changing loads,
cluster nodes are mostly specific and networks can be
spontaneous with vanishing and appearing resources.

2 Classification

In adaptive computing systems concurrency and con-
figurability thus have to be combined for synergy
effects. An open question still remains: What is the
best programming model and control structure for
these architectures to support all or some of the above
mentioned aspects? Hartenstein [1] proposes the Anti
Machine [2] which basically combines the dataflow
principle with the dimension of re(configuration). Other
approaches provide classical von Neumann architectures
or ensembles of von Neumann like structures with
(re)configuration.

In any case a taxonomy would be very helpful for a
discussion of these questions. A taxonomy in general
defines classes of heterogeneous objects with respect
to their attributes. It structures a design space and
therefore supports the evaluation of new solutions on
the basis of the object classes.

In computer architectures the best known and most
frequently used model for classification is the taxonomy
of Flynn [3]. Computer architectures are classified with
respect to their parallelism in the instruction and the
data streams. To cover the aspects of configuration Fly-
nns classification scheme could be extented with the new
dimension of configurability.

In contrast to Flynns original classification scheme an
architecture is now defined as a triple of (d, i, ¢), where
d denotes the number of data streams, ¢ the number
of instruction streams and ¢ the total of configuration
states.

The described classification scheme is a very rough
model to describe adaptive computing systems. A lot of
aspects (like granularity) are lost in the model but they
could easily be included by further dimensions.

3 Conclusions

In modern adaptive computing systems configuration
and concurrency become tightly correlated issues.

To
2

study and to compare new architectures coming from
recent research projects some extensions to Flynns clas-
sification scheme are proposed.
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