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Abstract: Software systems used in manufacturing control (especially the flexible manufacturing systems or some parts
CIM) often have an architecture possessing many advantageous software engineering properties. Some tech-
niques related to the architecture called software confederation (e.g. interface stability and incremental devel-
opment) are discussed. Surprisingly enough the architecture of software confederation used in manufacturing
control systems can be with some modifications applied in very large information systems.

1 INTRODUCTION

Manufacturing is the domain of human activities with
(due to the information technology) the largest growth
rate of the labor productivity (compare (Landauer,
1995)). It is a consequence of the fact that on the op-
erational level the effects of the information technol-
ogy application are well measurable and quite well
understood. The second reason is that the informa-
tion systems (IS) supporting the manufacturing – see
e.g. CIM, (Scheer, 1994) – must have a specific archi-
tecture having important synergic effects. The archi-
tecture can be applied in very large information sys-
tems.

This fact is rarely recognized as important and its
consequences and promises for the integration of the
manufacturing information system into systems of
the higher levels of management/control are not used
enough. It is especially apparent in the case of the
implementation of the functions CRM (Customer Re-
lationship Management (Dyché, 2002)), SCM (Sup-
ply Chain Management (Lowson et al., 1999)) or in
the case when artificial intelligence systems are to
be integrated into ”classical” manufacturing system
((Aubrecht et al., 2002)).

The manufacturing control software systems often
have the architecture of a (virtual) peer-to-peer (P2P)
network of permanently active autonomous software
units (e.g. data or client services or application ori-
ented functions/services). We shall call the software
units autonomous components (AC) and the whole

system a software confederation (SWC).
The communication between AC was supported in

manufacturing systems by the services of a multi-
processing operating system (e.g. messagequeue in
UNIX-like systems).

The use of SWC in manufacturing systems proved
that SWC is a very powerful software engineering
technique – see (Král, 1995; Král, 1998). Examples
are incremental development, flexible user knowledge
domain oriented interface, easy prototyping, debug-
ging terms allowing to test the data correctness but
also proper timing of answers. If designed properly,
the software confederation is very stable. For exam-
ple, the systems mentioned in (Král, 1995) has been
in use without any changes for almost twenty years.
The user interface and the way the system commu-
nicated with the enterprise information system was
properly chosen, so the systems can work as an island
of automatization very well and survived several en-
terprise information systems. Note that the interface
has to reflect the knowledge and habits of the users,
e.g. machine tool shop floor managers (see Fig. 1).

2 SOFTWARE
CONFEDERATIONS

The concept of SWC can – and in many cases must
– be used in many areas quite different from manufac-
turing. To summarize let us list the main properties of
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SWC.
SWC is a virtual P2P network integrating as peers

autonomous components of different types:
� Application autonomous components (AAC) pro-

viding application logics and/or services. They are
often autonomous information systems or a legacy
systems.

� User autonomous components (UAC) providing
the user interface. UAC is often called user gate
(UG). UG often communicates with the user via a
browser and is implemented as an XSLT applica-
tion.

Software confederations are usually very large sys-
tems. In this case the communication between its
parts is implemented via a middleware that can be im-
plemented by internet services.

AAC’s are used as black boxes. AAC’s can be ei-
ther newly created or they can be existing (legacy)
systems or third party products.

For the contact with its environment AAC must
be equipped by a primary gate (PG) publishing all
the functions that can be available to other parts of
the confederation. As PG should potentially offer
all the functions and/or data of its AAC, it tends to
require the interface (the formats of messages) dis-
closing at least the implementation philosophy of the
AAC (e.g. that it is written in object-oriented style).
It has some important drawbacks (see e.g. (Král and
Žemlička, 2002a)).

The structure of UAC in contradiction to AAC is
known to the developers of the confederation (and
the confederation’s developers usually implement it)
– UAC therefore behave like a white box. The re-
quirements on the structure and interfaces of confed-
erations change very quickly. It is therefore important
that UAC should be easily modifiable/programmable.

The purpose of UAC can be defined as a facil-
ity transforming user messages into the messages di-
rected to various AAC’s of the confederation. UAC
further collects answers from AAC’s into integrated
answers to the users.

If the communication inside a confederation is
based on the message formats defined via XML di-
alects then the UAC task is a transformation between
HTML and XML message formats or between dif-
ferent XML dialects. It is possible to use XSLT
(W3 Consortium, 1999) for this purpose.

To be able to use all the features of AAC we need
to have access to all its commands or methods. The
commands are usually implementation-dependent: if
the component is written as object-oriented (OO) pro-
gram then its interface tends to have syntax of (re-
mote) procedure calls; if the component is a relational
database then its interface would have a syntax able
to express SQL commands – compare (W3 Consor-
tium, 2000). This is unpleasant for the partners of

the components (i.e. the components communicating
with it) as there is likely that they will have to react to
the changes of the implementation of the components.
More important is that formats are implementation-
oriented and that they does not reflect the knowledge
domain of the system users.

The second problem can be partly solved if we use
the standards like SOAP/WSDL/UDDI but the stan-
dards are designed for � -commerce, i.e. for temporary
partnerships, and are not suited to the local require-
ments. Moreover, the standards are changing and tend
to be cumbersome and not friendly to many end-users.

For the needs of the communication of a com-
ponent with other components we therefore need
an interface that is problem-oriented and not
implementation-oriented. So there is a need of
a transformation between the two message format
types. We can use a yet another type of components
– front-end gates (FEG) – for this purpose. FEG is
again an autonomous application with the structure
similar to user gates: from the developer’s point of
view it is a white box and a node of a peer-to-peer
network of components forming the confederation.

Front-end gates play several roles:
� They stabilize and generalize the interfaces of com-

ponents – the interface based on a problem-oriented
language (e.g. in an XML dialect near to the lan-
guage of the knowledge domain of the partners) is
very stable. It is then possible to change an AAC

�

and modify its FEG to reach the situation that the
other parts of the confederation do not register any
changes of

�
.

� They allow to create several different interfaces of
given AAC when different groups of users/partners
of it need different services or different interfaces.
Different FEGs can e.g. provide different security
levels or different middleware services for different
partners.

� In some situations one FEG can provide access
to more than one application component. It can
be done under the condition that some application
components offer similar or complementary func-
tions (e.g. in the lecture/test reservation system of
a university the different application components
may handle different faculties or subject groups).
FEG can direct messages to the components that
are less loaded. It is also possible that some com-
ponents can be replicated. All this together enables
load balancing and the distribution of services.

Front-end gates can use the same technologies as user
gates: in simpler cases XSLT, in the more compli-
cated ones (e.g. if there is a need to optimize out-
put messages), the techniques known from the con-
struction of compiler back-ends (see e.g. (Aho et al.,
1986)).
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Figure 1: Machine tool manager floor interface

3 IS OF GLOBAL ENTERPRISES

The software of automated manufacturing systems
have as a rule at least partly the features of soft-
ware confederations. I.e. they are at least partly
confederation-oriented. In this sense confederative
orientation (CO) is present in manufacturing system
for many years.

On the other hand the object orientation is com-
mon now at the enterprise level. On the enterprise
level OO CASE systems like Rational Rose or To-
gether etc. based on UML (OMG, 2001b) and model
driven architecture (MDA (OMG, 2001a)) are used
now. Object orientation is, however, not appropriate
for the SWC development.

Software confederations must be used e.g. in the IS
supporting:
� coalitions of car vendors (i.e. a confederation of in-

formation systems of particular vendors),
� systems supported by the information systems of

business partners like in SCM (Supply Chain Man-
agement),

� information systems of decentralized enterprises,
� state information systems (a coalition of informa-

tion systems of particular offices).
So the CO is quite common for the lowest enter-
prise management (manufacturing) as well as on the
topmost management level (international enterprises)
whereas middle management level (local factories)
relies usually on OO methodology (compare Tab. 1)

The format mismatch of enterprise application in-
terfaces (EAI) can often be resolved by front-end
gates. EAI is not primarily intended to support B2B
(compare (Pinkston, 2002)). We believe, however,
that the difference is mainly due the way the system
is used rather than how it is implemented.

The fact that manufacturing systems are (partly)
confederation-oriented has important consequences.

The middle management (now usually managing the
local units of international enterprises) should not in-
sist on the use of OO methods as a ”golden hammer”.
It can be contraproductive as it can lead to the use of
OO philosophy outside the domain of its optimal ap-
plicability.

The transfer of the topmost enterprise level to CO
is not easy as there is lack of CO experts. It is not op-
timal to involve here the people from the next lower
level – from middle management level. They are too
influenced by object-oriented philosophy. It is diffi-
cult for them to ”convert” their object-oriented think-
ing into the confederation-oriented one. The prob-
lem is not of technical nature, the main obstacle is a
mental barrier. The nice OO design patterns (Gamma
et al., 1993) are to a high degree useless, people have
feeling that the confederative philosophy is a step
back. People having experience with systems includ-
ing process control parts do not have such problems.

So the source of potential confederation-oriented
people can and should be found in the manufacturing
control tier of enterprise information systems. More-
over, such people usually have a good experience in
the design and use of user friendly user interfaces.

4 ISSUES AND CONCLUSIONS

Front-end gates (FEG) differ from application gates
in the following respects:

1. They are in some sense a part (an enhancement) of
middleware.

2. They are based on specific tools and methods
having a lot of common features with compiler
construction and formal language transformation.
They fulfill the role of message routers.

3. FEG can compose several messages into one mes-
sage and vice versa decompose one message into
several messages.
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Software technique Area of application
Confederation orientation (possibly
partly)

Manufacturing control level: workshop, CIM components, technology
control subunits

Object orientation (e.g. UML,
MDA)

Monolithic enterprise level: middle management, local unit of an inter-
national enterprise, highly centralized organizations

Confederational orientation desir-
able, necessary, EAI

Global (world-wide) enterprise level: international enterprises, state ad-
ministration, decentralized enterprises, . . .

Confederational philosophy neces-
sary, EAI, B2B

World-wide business: some health network services, coalition of car ven-
dors, � -business, � -government

Table 1: Application domains of object- and confederative- orientations

According to this list FEG’s are a generalization of
Petri net places with colored tokens. Tokens are mes-
sages whereas application components behave like
processes of Petri nets. Petri nets are used in manufac-
turing control systems (Vondrák et al., 2001). It once
again indicates that software confederations have a lot
of common intuition with manufacturing systems.

The concept of SWC is the main step towards soft-
ware as a structural technical (engineering) product
that can be reused, maintained, prototyped modified,
etc. – compare (Král and Žemlička, 2002b).

One of the main advantages (if not the most impor-
tant one) are the tools allowing to adapt component
interfaces to interenterprise communication (i.e. EAI
related) or B2B requirements or to choose ad-hoc for-
mats best suited to the interenterprise communication
needs.

The main obstacle to gain the advantages of soft-
ware confederations is the lack of confederation-
oriented experts. It is not easy for object-oriented
experts to gain confederation-oriented skills and phi-
losophy. A good resource of confederation-oriented
experts can be people with an experience on manu-
facturing control systems.
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DATAKON 2001, pages 241–248, Brno.

W3 Consortium (1999). XSL transformations (XSLT).
http://www.w3c.org/TR/xslt. W3C Recommendation.

W3 Consortium (2000). A query language for
XML. A proposal of W3 Consortium.
http://www.w3.org/TR/NOTE-xml-ql, see also
http://www.w3.org/TR/xquery.

653


