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Abstract. CAST.FSM denotes a CAST tool which has been developed
at the Institute of Systems Science at the University of Linz during the
years 1986-1993. The first version of CAST.FSM was implemented in
INTERLISP-D and LOOPS for the Siemens-Xerox workstation 5815
(?Dandelion”). CAST.FSM supports the application of the theory of
finite state machines for hardware design tasks between the architecture
level and the level of gate circuits. The application domain, to get prac-
tical experience for CAST.FSM, was the field of VLSI design of ASICS’s
where the theory of finite state machines can be applied to improve the
testability of such circuits (”design for testability”) and to optimise the
required silicon area of the circuit ("floor planning”). An overview of
CAST as a whole and of CAST.FSM as a CAST tool is given in [11]. In
our presentation we want to report on the re-engineering of CAST.FSM
and on new types of applications of CAST.FSM which are currently
under investigation. In this context we will distinguish between three
different problems:

1. the implementation of CAST.FSM in ANSI Common Lisp and the
design of a new user interface by Rudolf Mittelmann [5].

2. the search for systemstheoretical concepts in modelling intelligent
hierarchical systems based on the past work of Arthur Koestler [3]
following the concepts presented by Franz Pichler in [10].

3. the construction of hierarchical formal models (of multi-layer type)
to study attributes which are assumed for SOHO-structures (SOHO
= Self Organizing Hierarchical Order) of A. Koestler.

The latter problem will deserve the main attention in our presentation.
In the present paper we will build such a hierarchical model following
the concepts of parallel decomposition of finite state machines (FSMs)
and interpret it as a multi-layer type of model.

1 Implementation of CAST.FSM in ANSI Common Lisp

CAST.FSM was implemented during the year 1986 in INTERLISP-D and LOOPS
on Siemens 5815 work stations [12]. However, already in 1992 those workstations
had to be put out of order. For the continuation of our research tasks in VLSI



design it was necessary to implement parts of CAST.FSM in Common Lisp and
Flavors [7]. In addition, new algorithms were developed to speed up computation
and to deal with new areas of finite state machine problems. On the basis of this
implementation of CAST.FSM(internally called CAST 2), Rudolf Mittelmann
made a portation from Flavors to CLOS for Apple MacIntosh computers using
Procyon Common Lisp. This version of CAST.FSM, called macCASTfsm [6], has
been in use as a CAST tool at our institute until the year 2000. In addition to
the previous CAST.FSM implementations, macCASTfsm also offers new imple-
mented methods as the inversion of finite state machines, the representation of
finite memory machines in canonical form, and the shift register representation
of finite state machines by the method of Bohling as done by Josef Scharinger in
[13]. Due to the incompability of macCASTfsm with the latter operating systems
of the Apple Maclntosh the use of macCASTfsm on appleMaclntosh comput-
ers got obsolete. Therefore, after the introduction of the ANSI Common Lisp
standard and since associated Common Lisp environments became available, we
had the task to realize a portation of macCASTfsm. Rudolf Mittelmann chose
Allegro Common Lisp from Franz, Inc. and also did the implementation. This
new version of CAST.FSM for Windows PCs, called winCASTfsm, presently
replaces macCASTfsm as a rather powerful and complex CAST tool since 2000.

2 Hierarchical Models of A. Koestler (Holarchies)

Arthur Koestler, a well known writer but also an author of science-oriented
books, proposed a concept for modeling complex intelligent systems of hierar-
chical order by his "holarchical nets” [3]. The nodes (called "holons ”by Koestler)
of such a tree-structured system are assumed to model intelligent components
and are equipped with an individual rule base for an autonomous realization of
strategies. The introduction of the concept of a "holarchy” was mainly motivated
by his studies of the human brain and the organisational structure of a company.
Nowadays, motivated by the concept of agent systems in computer science, it is
appropriate to consider a SOHO-structure in the sense of A. Koestler as a special
kind of an organized multi-agent system (OMAS) as considered by Ferber [1].
Our ultimate goal is to formalize and to refine A. Koestler’s concept of a ”hol-
archy” (SOHO-structure) in order to achieve a system-theoretical model which
can be classified as ”operational”. Desired properties of such models are ”self-
regulation” and ”self-repairment”. For a mathematical approach to holarchies
and for biographical notes to A. Koestler we refer to [4].

3 The Multi-Strata and the Multi-Layer Representation
of a FSM’s Parallel Decomposition

Generally speaking, decomposition of finite state machines (FSMs) deals with
the problem of how a machine can be replaced by more than one simpler ma-
chines, i.e. a single FSM is transformed into a network of FSMs. In the case of



a parallel decomposition of a FSM, a single machine M is divided into a cer-
tain number of submachines whereby the parallel connection of those smaller
submachines M; (2 < i < n) simulates the original finite state machine M. Con-
sequently for each of the so obtained submachines M; a parallel decomposition
can be obtained by splitting M; into M;; (2 < j < n) and so on. The various
possibilities of potential parallel decompositions are given by the lattice of the
machine or submachine that is actually been taken into account. For further the-
oretical details the reader may be referred to the well known book of Hartmanis
and Sterns [2].
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Fig. 1. Multi-strata representation of a FSM parallel decomposition.

Fig. 1 gives an example of a parallel decomposition of a FSM M into three
submachines M1, My and M3 whereby M; and M3 further decomposed into My,
M;s, and M3 respectively into M3y, M3z, and M33 and so on. In this multi-strata
kind of representation, that is commonly used in the description of FSM parallel
decompositions, each level represents the whole system with the restriction that
the leaves of each level have to be thought as members of the subjacent levels in
order to do so. IN [10] it has been shown, how in general a hierarchical structure
(which is required for a holarchy in the sense of A. Koestler) can be derived from
a multi-layer representation. In our case of FSMs we have to choose a node, i.e.
a submachine, at each layer that will be considered as the direct superior of the
other nodes (submachines) being situated in the same layer.

Fig. 2 shows the adaption of the exemplary representation of the FSM’s par-
allel decomposition given in Fig. 1 to the desired (holarchic) interpretation as
an intermediate step where the multi-strata representation is fully included and
the holarchic model is represented in the bold highlighted part of the figure.
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Fig. 2. Intermediate step between the multi-strata and the multi-layer (holarchic) rep-

resentation of a FSM’s parallel decomposition.

Fig. 3 shows the achieved holarchic multi-layer representation of the introduced

Fig. 3. Multi-layer representation of a FSM parallel decomposition.

multiple parallel decomposition. This is a pure multi-layer representation, i.e.
only the components of all layers together model the whole system. As it can be
seen in our context, the nodes of the multi-layer model are exactly the leaves of
the multi-strata model. Therefore, it is an obvious specification for the design




of such a holarchic model that each subtree emerging by multiple parallel de-
composition has to be built up in a way that exactly one of the newly emerging
submachines will become the direct superior of the other nodes. As a rule for the
destination of this superior-machine it is reasonable to choose that submachine
that has the least number of states on order to perform leader tasks.
Furthermore, the structure given in Fig. 3 will exactly describe the example
of the parallel decomposition of the MCNC benchmark machine which will be
shown in the following chapter using CAST.FSM.

4 Realization of a Hierarchical Representation of a FSM
by winCASTfsm

In the following we will describe the formation of a finite state machine hierarchy
on the example of the bbsse-e MCNC benchmark machine [7] as an application
of the latest version of winCASTfsm.

In order to perform a parallel decomposition of a finite state machine it is neces-
sary to compute the lattice of the machine. winCASTfsm supports this feature
and the computed lattice is finally displayed as a Hasse-diagram in a new win-
dow, a so called lattice browser. Within such a lattice browser, groups of nodes
may be selected in order to perform certain lattice browser commands like *Add
Partitions’ or 'Multiply Partitions’ for showing the supremum respectively the
infinum of a selected collection of partitions. According to the theory of FSM
decomposition we have to select a group of nodes whose infinum is 0 in order to
be able to perform a pure parallel decomposition.

Fig. 4 shows the lattice of the bbsse-e benchmark machine whereby those par-
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Fig. 4. Lattice of the bbsse-e benchmark FSM.

titions which were selected for the parallel decomposition are displayed high-
lighted. The bracket term includes the number of blocks, i.e. the number of
states of the corresponding submachine, and the number of states united by the



biggest block. For example the partition with number 28 has three blocks, and
the biggest block unites ten states (hence the label *28(3b,10m)’). According to
Fig. 3 the nodes 3, 24 and 14 correspond to M;, M, and to Mj respectively.
Having performed the synthesis operation 'Parallel Decomposition’ on the se-
lected partitions, winCASTfsm shows the result as an expansion of the realiza-
tion graph allowing a successive implementation of the described methodology.
As indicated in Fig. 5, the realization graph of the bbsse-e benchmark FSM,
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Fig. 5. Realization graph for the parallel decomposition of the bbsse-e bemchmark
FSM.

the machine is divided into three submachines each named by it’s engender-
ing partition (bbsse-e-r24, bbsse-e-r10 and bbsse-e-r3). By an analysis of the
lattices (Fig. 6,Fig. 7,Fig. 8) of the submachines it seems reasonable to select
the bbsse-e-r24 as the superior of the remaining submachines. Those remaining
submachines will recursively be taken into account for further parallel decompo-
sitions as illustrated in the realization graph (Fig. 6). According to the holarchic
multi-layer representation given in Fig. 3 the lattice given in Fig. 6 denotes the
lattice of M5 and the lattices of Fig. 7 and Fig. 8 denote the lattices of M; and M3
respectively. The latter both are each split (parallel decomposition) into three
submachines whereby one of each triple (M;2 and Mgss in the notation of Fig. 2
and Fig. 3) is selected as the superior of the others. Subsequently the remaining
submachines (Mj1, My3, M3;, and M3 in the notation of Fig. 2) are each split
into three ’sub-sub-submachines’ ending in the final holarchic multi-layer model
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Fig. 6. Lattice of the submachine derived from partition 24. This submachine is the
selected superior and will therefore not be taken into account for further decompositions
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Fig. 7. Lattice of the submachine derived from partition 10. The highlighted partitions
indicate the partitions that are selected for a further parallel decomposition

given in Fig. 3.

Depending on the task and on the FSM actually taken into account we would
achieve different structures with regard to the width and the depth of the fi-
nal multi-layer hierarchy or the holarchy when speaking in the words or Arthur
Koestler.

5 Conclusion

The present paper briefly introduces the new version winCASTfsm as the latest
version of the CAST tool CAST.FSM which has been developed at the depart-
ment ” Systems Theory and Information Technology” at the " Institute of Systems
Science” of the University of Linz. In order to demonstrate the power of win-
CASTfsm we have performed a multiple parallel decomposition of the bbsse-e
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Fig. 8. Lattice of the submachine derived from partition 3. The highlighted partitions
indicate the partitions that are selected for a further parallel decomposition

MCNC benchmark FSM into a hierarchical (multi-layer) representation includ-
ing the definition of a decision-order.
CAST.FSM is currently in use at the University of Linz as a teaching aid. Fur-
thermore, it is provided as a CAST tool for layout- and the analysis-tasks in
application areas such as micro electronics, signal-processing, and coding (devel-
opment of cryptographic algorithms).
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