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MINAS :
an algorithm for systematic state assignment
of sequential machines -

Computational aspects and Results,

J.L. Duarte
Group Digital Systems, Faculty of Electrical Engineering,
Eindhoven University of Technology (The Netherlands)

Abstract- One of the central problems in the physical realization
of sequential machines is the selection of binary codes to
represent the internal states of the machine. The Method of
Maximal Adjacencies can be viewed as an approach to the state
assignment problemn.

This research report concentrates on simple, practical
strategies to implement that method.

A fully-described program in Pascal has been included and
serves a two-fold purpose: (1) it exposes concrete practical
solutions,which encourages the reader to try other strategies on
his(her) own; (2) it has been conceived from a general standpoint
that allows to check the correctness of different theoretic
concepts emerging from the Method of Maximal Adjacencies.

A set of industrial sequential machines has been chosen to test
the program. Results from other existing metheds have been also
reported.

Index terms- Automata theory, logic minimisation, logic system

design, sequential machines.

Acknowledgements- We particulary thank Prof.ir. M.P.J. Stevens
for making it possible to perform this work, dr.ir. L. JozZwiak for
his advice in the development of the program, and mr. C. van de
Watering for having typed major parts of this report.
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I. INTRODUCTION

The Method of Maximal Adjacencies [1] 1s a new approach to
attack some aspects related to an o0ld problem : the minimal

realization of segquential machines.

This report assumes that you are familiar with the theoretic
concepts developed in [1]. Therefore, section III provides just a
"down-to-earth" description of the central ideas in that method.
A glossary is available in section II, where some terminclogy is
introduced in a very informal way. We encourage you to consult [1)
to be acquainted with formal definitions.

The purpose of the gquide in section IV is to help you explore
program MINAS presented in the next section. The guide has been
organised to clarify the contents of the procedures following a
stepwise refinement method. We advise you to read interactively
the guide and the program.

Section V pays attention to the application program which
implements major aspects of the Method of Maximal Adjacencies. It
is described in the programming language Pascal. This program has
been conceived to run on a “Apolloicomputer/Domaiﬁfsystem“
implementation. Great care has been taken to avoid
implementation-dependent features of Pascal (the implemen-
tation-dependent aspects of the program are not essential to
understand the algorithm ).

As an illustration of the capabilities of the Maximal
Adjacenclies approach, results of some experiments have been
included in section VI. The same set of industrial finite state
machines has been used to test the program KISS, as reported in
[2]. KISS is also a program for state encoding of sequential
machines, based on a multi-valued, multi-output, non-univocal
function minimization wethod. Results obtained by MINAS are
compared with those ones obtained by KISS.

Finally this research repert 1is finished with some
conclusions and propositions for future works.
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IT. GLOSSARY

* Adjacency : two binary sequences ( e.g. two input codes, two
state codes, two product terms ) of the same
length are defined to be "adjacent" if the number
of positions in which they differ is only one.

* Partition : Iet S be the set of states of any finite state
machine. A "partition" on S is a set of disjoint
subsets of S whose set union is 8§ .

* Block an element of a partition. Twe blocks of the same

partition are always disjoint subsets.

* Final Family of Partitions ( FFP ) : every set of two block
partitions related to a
finite state machine M, satisfying the following

corditions:

< i> the mmber of partitions within the FFP is
equal to k, where 2**(k-1) < |S| <= 2*%%k
and |S| is the number of states of M.

< ii> each state is separated from each other in
at least one partition; i.e., they are
placed separated blocks in at least one
partition.

<iii> the mmber of elements in each block is less
than or equal to 2**{k-1).

* Adjacent States : two states within a FFP which are in
separated blocks only once .

Example :
Consider a finite state machine with 5 states.
Then,

ffpl = { '

!

)

is a final family of partitions. State 3 ard
state 5 are adjacent. State 3 and state 4 are not
adjacent.

= W
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State assigmment resulting from ffpl :
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* State Pair: two non negative integers representing two
different ( incompatible ) states of a finite
state machine, The first state in the pair is
supposed to be smaller than the second one.

* State Pair Position : for a given finite state machine, there
is a series of ordered pairs of states
where each pair can be uniquely identified by its

position in the series.

Exanple :

Consider a finite state machine with 4 states.
™hen,

< i>  (1,2) (1,3) (1,4) (2,3) (2,4) (3,4)
<ii> 1 2 3 4 5 6

< i> series of state pairs
<ii> state pair position in the series.

* Pattern : a symbol representing binary sequences.
For instance, the input pattern (12 2 0 )
resumes the following input sequences:
(1000), A 010),(1100), (1110}
(don't care bits are represented by the integer "2").

* MNSC : Maximal Number of Simultaneously satisfied adjacency
Corditions for a given set of state pairs.

* MNP : estimated average mmber of partitions containing
a specified state pair at the same block within a
final family of partitions.

* Cost : parameter instructing the mmber of state pairs,
from a set of pairs, that should be actually made
codewise adjacent.



III. CENTRAL IDEAS IN THE METHOD OF MAXTMAIL ADJACENCIES

Consider the sequential machine with next-state table

described at Table III.1

Table III.1

*%* Next State Table for Finite State Machine M **

I io i1 i3 iz
00 01 11 10

PS
1 2 4 1 4
2 4 2 3 2
3 1 4 1 3
4 3 2 2 1

Fig.

X2 —

¥l
Y2

L

COMBI

D.FF'is

N

y2

ITII.1 illustrates a sketch for a
realization of this finite state machine.

possible physical

X2 0 1
X1

0 io i1

1 iz i3

Fig III.1 Physical realization of machine M.

The problem we face now is to choose "desirable" (binary) codes

to represent the internal states of the machine.

Most often

"desirable" means fewest number of components in the resulting
realization of COMBI ( a combinational logic circuit).



Binary codes which reduce the functional dependence between
the state variables lead to simpler logical equations for the
Boolean function representing COMBI. In other words, we have to
lock for a minimal set of product terms for the purpose of reducing
the complexity of the combinational circuit.

State encoding can be formulated as a matter of finding a
final family of partitions for a given sequential machine.

The Method of Maximal Adjacencies allows us to construct
final families of partitions leading to near optimal state
encodings. The basic idea is as follows:

Let us come back to the machine M. Choosing at random a final
family of partitions for this machine, say

( ([012]
(013]

-~ =

([ 34] ),
(24 ] 1} )

results the state assignment illustrated at Table IIX.2

( notice that states in first blocks receive "0" as code,

and positioning at second blocks implies "1" as code ).

It is easy to see that 1line adjacencies at Table ITI.2(c) and Table
II1.2(d) leads to the possibility of reduction of the number of
product terms (and the number of variables in each product term)
in the "sum of products" related to the Boolean variables yl and

y2.

The adjacencies have four different origins:

{ 1) Adjacencies concerning input codes independent on position
of states within the partitions.

For instance, it can be seen from Table ITII.2(a) that there
is always a possible adjacency for yl and for y2 between
lines <14> angd <15> at Table III.2(cC).

{( ii) Adjacencies concerning input codes depending upon position
of states within the partitions.

For yv2, the adjacency between lines <5> and <6> at Table
IIT.2(c) is due to the fact that state 2 and state 4 are in
the same block at the second partition.

But, this possibility could have been forecasted, before
performing the state assignment, directly from Table
III.2(a).

Try to convince yourself it is possible to assure from Table
III.2(a) that, every time state 1 and state 4 are in the same
block within the partitions, there will be 3 adjacencies at
Table III.2(c) (between lines <3> and <4>, lines <9> and
<10>, lines <10> and <11>).



(iii) Adjacencies concerning state codes, unconditional to block
placement of next-states.

For instance, adjacency between lines <5> and <7> at Table
III.2(d) was reached because {present)state 1 is codewise
adjacent to (present)state 3 (in fact, 2 possible
adjacencies are to be considered : one for yl and one for
y2). This situation could also have been foreseen from
Table IIT.2(b).

Can you see from lines <14> and <15> at Table III.2(b) that,
if state 2 were codewise adjacent to state 3, there would be
always one possible adjacency ? (now, or one adjacency for
yl, or one adjacency for y2, why?)

( iv) Adjacencies concerning state codes, conditional to block
placement of next-states.

There is an adjacency for yl between lines <11> and <12> at
Table IITI.2(d) because : (a) (present)states 3 and 4 are
codewise adjacents and (b) (next)states 1 and 2 are in the
same block within the first partition.

From Table III.2(b) you can say that, for instance,
observing lines <7> and <8>, every time the (next) states 2
and 4 are in the same block within the partitions there will
be one possible adjacency at Table III.2(d) if
(present)states 3 and 4 are codewise adjacent.

An analogous reasoning is applicable to output tables.

The Method of Maximal Adjacencies has been developed based
upon the observation that the information comprised in the next-
state and output tables of sequential machines instructs input-
state, present-state--next-state and output-state dependencies
for adjacency conditions.

Hence, different sorts of adjacency conditions can be combined
for the purpose of ordering a list of pair of states.

Then, trying to induce a maximal number of adjacencies, final
families of partitions can be filled up with those ordered pair of
states, which are supposed to be codewise adjacent.
Therefore, the logical dependence between Boolean variables
resulting from the state assignment is considerably reduced.



Table III.Z2

**%* Example of state encoding for machine M **

input| present next input present next
state state state state
X1 X2 Y1 Y2 yl y2
io 2 0 o0 0 0 0 1
il 1 4 0 1 0 O 1 1
i3 1 1 1 o O 0O 0O
i2 4 1 © 0 O 1 1
io 4 0o 0 0o 1 1 1
11 2 2 o 1 0 1 o 1
i3 3 1 1 0 1 1 0
12 2 1 0O 0o 1 0 1
io 1 0 0 1 0 0 0
il 3 4 0 1 1 0 1 1
i3 1 1 1 1 o0 0 o0
12 3 1 0 1 0 1 ©
io 3 0 0 1 1 1 0
il 4 2 0 1 1 1 0 1
13 2 1 1 1 1 0 1
12 1 1 © 1 1 0O 0
(a) (c)
input|{ present next input present next
state state state state
X1 X2 Y1l Y2 ¥l y2
1 2 0 O o 0 o 1
io 2 4 0 0 o 1 1 1
3 1 0 0 l O 0 0
4 3 0 © 1 1 i1 0O
, 1 4 0 1 0 0 1 1
il 2 2 0 1 0 1 0 1
3 4 0 1 1 0 1 1
4 2 0 1 1 1 o 1
. 1 1 1 1 0 0 0 0
13 2 3 i 1 0 1 1 0
3 1 1 1 i1 0 o 0
4 2 1 1 i 1 0 1
) 1 4 1 0 0 0 1 1
12 2 2 1 O 0 1 o 1
3 3 1 0 1 0O 1 0
4 1 1 0O 1 1 o 0
(b) (d)

b} : other representation for next-state table.
d) : encoding for machine M.




IV. GUIDE TO MINAS

Cross—~references have been used within the guide, which means
that it contains a certain amount of duplication, but this was
accepted on the ground that the repetitions in their context
contribute to a better understanding of the characteristics of

the program under discussion.
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1. MINAS
Algorithm based on the Method of Maximal Adjacencies for systematic
encodirg of Finite State Machines { FSM ).
The algorithm locks for a minimal structure, based upon D-flip—flop's

as memory elements, which realises the same input/output behaviour as
the FSM described in the input file.

(a) OVERVIEW :
1. MINAS
{ begin )
1.1 GetReferenceTine;
1.2 GetPrimitiveData;
1.3 ComputeInputStateAdijacencyConditions;
1.4 ComputeOutputStateadjacencyConditions:
1.5 ComputePresentStateNextStateAdjacencyConditions;
1.6 SortPriorities;
1.7 GenerateFinalFamiliesOfPartitionsBasedOnPriorities;
1.8 RecordBestFinalFamilyOfPartitions;
1.9 RecordLoopTime;
{ end }

(b) HIGHLIGHTS :

* 1.1 GetReferenceTime : The "Domain" system provides a number of system
routines to manipulate time.

Information about the ways the system represents time, how to get time
from the system, and how to manipulate time you can find in the " Apollo
Domain -~ Programming With General System Calls " manual.
Procedure GetReferenceTime just uses system routines to assign to the
variable ref sec the starting execution time from MINAS.
Later this reference time will be used to give information about global
execution time.
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* 1.2 GetPrimitiveData : The input data file format definition for MINAS is
given in Appendix 1.
Internaly in the algorithm this file is called PrimitiveData. Notice
that don't care inputs or outputs are represented by the integer "2";
present states receive positive integers as synbols, and next states
are represented by non negative integers ( next state = 0 means that
next state is "don't care"!).

Based upon PrimitiveData, the purpose of the procedure
GetPrimitiveData 1is fill up the following arrays:

( i) InputMatrixDef : every input pattern receives a
igentifier (a non negative integer).

( ii) OutputMatrixDef: every output pattern receives a
identifier (a non negative integer).

(iii) NextStateTable : as entries to this table you have
an input pattern identifier ard a
present state ; as output you have
a next state (next state = -1 means
that the current input pattern is
not related to the current present
state ).

( iv) OutputTable as entries to this table you have

an input pattern identifier and a

present state ; as output you have

an cutput pattern identifier.

(output pattern identifier =1

stands for don't care cutput at

every output line ).

* 1.3 ComputeInputStateAdjacencyConditions : After getting information
about the FSM structure,
MINAS has to recognise input/present-state adjacency conditions.
The algorithm handles with every possible input subspace by expanding
input symbois.

Based on the results from GetPrimitiveData, this procedure aims to fill
up the following arrays :

( 1) VectorTnputState : number of possible adjacencies for
each state pair depending upon the
inputs to the FSM.

( ii) VectorInputCorrelation : number of same don't care bit
positions considering two different
input pattemns.

{(iii) VectorInputAutoCorrelation : nmumber of don't care bits
in an input pattern.
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* 1.4 ComputeQutputStateAdjacencyConditions : identify possible adjacency
conditions due to the
structure of the different output patterns.
The following array is constructed by this procedure:

( ' i) VectorOutputState : number of possible adjacencies for
each state pair due to the FSM
cutputs,

* 1.5 ComputePresentStateNextStateAdjacencyConditions: besides calculating
present-state--
next- state adjacency conditions, this procedure also combines other
adjacency corditions and gives an estimation of the total number of
adjacencies for each state pair. Only the necessary information is
stored for future use.

Arrays resulting from this procedure:

( 1) VectorlLineAux : for a given state pair, this vector
contains combined adjacencies con-
ditional to block placement, taking
into account present state—-next-
state and input-state dependencies.

( ii) VectorDontCare : there are some present state--next-
state adjacencies independent from
next state block placement.

(iii) VectorUncorditional : all possible adjacencies not
dependent from next state block
placement.

( iv) CorditionalTable : for each state pair there is an
ordered series of state pairs resul-
ting on a maximal number of adjacen-
cies that depends on block placement.
The series' lenght is imposed by the
parameter MNSC ( maximal muber of
similtaneously satisfied adjacency
corditions ).

( v) ConditiocnalAdjacencies :in ConditionalTable you have
information about conditional state
pairs. The muber of conditiocnal
reached adjacencies concerning each
conditional state pair will be found
in the table ConditionalAdjacencies.

( vi) VectorEstimationTotal: estimation of the total number
of adjacencies if a given state pair
has been codewise adjacent.

This estimation depends upon the para-
meter MNP { estimated average number
of partitions containing a specified
state pair at the same block ).
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* 1.6 SortPriorities : this procedure orders priorities aiming to build a

final family of partitions.
Retrieving information from VectorEstimationTotal, the followirg
array will be constructed :

( 1) VectorPriority: ordered series of state pairs sup-
posed to have preferencial entry
while building a family of partitions.

* 1.7 GenerateFinalFamiliesOfParticnsBasedOnPriorities : Final families of

* 1.8

* 1.9

partitions are
built sequentially cbeying priorities.
Here a "branch and bound" approach has been used for the purpose of
placing states into partition blocks.
once finished, the current Final Family of Partitions (FFP) has tobe
shaped in order to allow state encoding. After that, the results are
sent to a file which will be read by the minimiser.
MINAS has to wait for the answer carming fromthe minimiser in order to
proceed. Depending on the achieved number of product terms, the
algorithm decides either to go on or not.

RecordBestFinalFamilyOfPartitions : after having decided for the

"pest" final family of par-
titions (that is, the assigment resulting the smallest number of
product terms), MINAS registers the results in a file matching the
minimiser input format definition.

(see Apperdix 1).

RecordloopTime : same remarks as for GetReferenceTime (1.1).
This procedure calculates and shows the algorithm's
global execution time, including the required time for minimisation.

{c) INPUTS :

( i) input file containing FSM symbolic description
(Appendix 1).

( ii) file with results from minimiser (Annexe 1).

(d) OUTPUTS :

{ i) output file containing encoded FSM description,
matching minimiser input file format definition
{Annexe? ).
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(e) TOOLS :

( ii)

( iii)

( iv)

( vi)

{ vii)

(viii)

( xi)

( xii)

(xiii)

( xiv)

15

Push : procedure intented to place a new component
into a stack of non negative integers.

Pop : procedure intented to take back the value of
the latest component from a stack of non
negative integers.

PushVector: procedure intented to place a new
component into a stack of vectors.

PopVector : procedure intented to take back the
value of the latest component from a stack
of vectors.

Order : this procedure examines and, if necessary,
exchanges the values of two states A and B,
so that the value of A is smaller than the
value of B.

Increment : the goal of this procedure is to add
"one" to a given non negative integer.

AddTo : adds a non negative integer to a real
variable.

Power : calculates 2 raised to a given power.
Field : returns field format for printing integers.

Locate: this procedure receives a state pair and
gives back its respective position in the
series of ordered pair of states.

Decode: this procedure gets a state pair position in
the series of ordered pairs of states and
gives back the constitutive states.

DecodeInp : this procedure gets a input pair
position in the series of ordered pairs of
inputs and computes the constitutive input
pattern identifiers.

QuickSort : this is the "quick sort algorithm" for
sorting variables in an array . The previous
state pair positions are also preserved in
an other array.

ShortQuickSort : the same as QuickSort, but the
concerned arrays are shorter in size.
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1.1 GetReferenceTime

The "Domain" system provides a mumber of system routines to manipulate
time.

Information about the ways the system represents time, how to get time
from the system, and how to manipulate time you can find in the " Apollo
Domain - Programming With General System Calls " manual.

Procedure GetReferenceTime just uses system routines to assign to the
variable ref sec the starting execution time from MINAS.

lLater this reference time will be used to give information about global
execution time.
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1.2 GetPrimitiveData

The input data file format definition for MINAS is given in Appendix 1.
Internaly in the algorithm this file is named PrimitiveData.

Notice that don't care inputs or outputs are represented by the integer
wan. present states receive positive integers as symbols, and next
states are represented by non negative integers ( next state = 0 means
that next state is "don't care'"!}.

(a) OVERVIEW :
1.2 GetPrimitiveData
{ begin }
{ set initial conditions };
{ open file for receiving information };
{ get data and built arrays );
{ close file };

{ end };

(b} INPUIS :

( 1) input file containing FSM symbolic description
( Apperndix 1).

(c) OUTRUTS :

( 1) InputMatrixDef : every input pattern receives a
identifier (a non negative integer).

( ii) OutputMatrixDef: every output pattern receives a
identifier (a non negative integer).

(iii) NextStateTable : as entries to this table you have
an input pattern identifier and a
present state ; as output you have
a next state (next state = -1 means
that the current input pattern is
not related to the current present
state ).

( iv) CutputTable : as entries to this table you have
an input pattern identifier and a
present state ; as output you have
an output pattern identifier.
(output pattern identifier =1
stands for don't care output at
every output line ).
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1.3 ComputelInputsStateAdjacencyConditions

After getting information about the FSM structure, MINAS has to
recognise input/present-state adjacency conditions.
The algorithm handles with every possible input subspace by expanding
input symbols.
(a) OVERVIEW :
1.3 ComputeInputStateddijacencyConditions
{ begin }
{ set initial conditions };
{ check input pattern binary correlation; i.e.
the muber of common don't cares between input
patterns };

{ campute input state adjacency conditions for every
state pair : )

{ repeat : }
{ specify PresentState ( a state ) };
{ for every pair of input symbols do,
if exist next states related to the current
PresentState (say NextStateA and NextStateB)):

{ test if next state pair has already been
used; if not ,then : }

1.3.1 FullInInputStateCoincidenceMatrix;
1.3.2 GenerateAllVirtualSubspaces;

1.3.3 KeepOnlyactualSubspaces;

{ Ajacencies := 0 };

1.3.4 DetectPossibleInputStateAdjacencies;

{ store number of maximal possible adjacen-
cies for the current state pair };

{ erd do }

{ until all states have beeh considered };

{ erd }):
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(b) HIGHLIGHTS :

* 1.3.1 FullInTnputStateCoincidenceMatrix : the inputs for this
procedure are :

( 1) PresentState : ( reference state );
( ii) NextStatea : ( state from pair under focus );
(iii) NextStateB : ( state from pair under focus ):

( iv) NextStateTable: as entries to this table you have
an input pattern identifier and a
present state ; as cutput you have
a next state (next state = -1 means
that the current input pattern is
not related to the current present
state ).

As outputs you have:

( i) CoincMatrixA : array of input symbols which are
related to PresentState and
NextStatea.

( ii) CoincMatrixB : array of input symbols which are
related to PresentState and
NextStateB.

* 1.3.2 GenerateallVirtualSubspaces : for every possible pair of input
patterns that can be extracted from
CoincMatrixA and CoincMatrixB (one symbol fromeach array, different
from don't care definition ) there is a related subspace fromwhich
the pair of states NextStateA/NextStateB is a member. If in this
(virtual) subspace no other states are present, then a real subspace

is achieved allowing high order adjacencies.

lList resulting from this procedure:

( 1) SubspacesWaitingList : list of vectors defining
possible subspaces.

* 1.3.3 KeepOnlyActualSubspaces : not every subspace definition stored in
SubspacesWaitinglList is a wvalidy one.
Only the subspaces containing the states NextStateA and NextStateB,
ard no other states, are of interest.
This procedure checks the subspaces and keeps the actual ones in the
list :

{ 1) BookedSubspacesList : list of vectors defining
actual subspaces.
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* 1.3.4 DetectPossibleInputStateddjacencies : the subspaces stored in
Booked SubspacesList are
not necessarily mutualy exclusive ones; that means, one subspace can
overlap the neighbouring. Hence, an optimal combination of mutually
exclusive subspaces has to be chosen in order to result in a maximal
nuber of adjacencies,

(c) INPUTS :

( i) InputMatrixDef : every input pattern receives a
identifier (a non negative integer).

( ii) NextStateTable : as entries to this table you have
an input pattern identifier and a
present state ; as output you have
a next state (next state = -1 means
that the current input pattern is
not related to the current present
state }.

(d) OUTPUTS :

( 1) VectorInputState : mmber of possible adjacencies for
each state pair depending on the
inputs to the FSM.

( ii) VectorInputCorrelation : number of same don't care bit
positions considering two different
input patterns.

(iii) VectorInputdutoCorrelation : number of don't care bits
in an input pattern.
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1.3.1 FullInInputStateCoincidenceMatrix

(a) OVERVIEW :
1.3.1 FullInInputStateCoincidenceMatrix
{ begin )
{ lock for input patterns resulting on the same

next state as NextStateA or NextStateB for a
given PresentState };

{ end };
(b) INPUTS :
( i) PresentState : ( reference state ):;
{ ii) NextStateA : ( state fram pair under focus );
(1ii) NextStateB : ( state from pair under focus );

( iv) NextStateTable: as entries to this table you have
an input pattern identifier and a
present state ; as output you have
a next state (next state = -1 means
that the current input pattern is
not related to the current present
state ).

(c) OUTPUTS :

( 1) CoincMatrixA : array of input symbols which are
related to PresentState and
NextStateA.

( i1) CoincMatrixB : array of input symbols which are
related to PresentState and
NextStateB.
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1.3.2 GenerateAllVirtualSubspaces

For every possible pair of input patterns that can be extracted from
CoincdMatrixA and CoincMatrixB (one symbol fromeach array, different
from don't care definition; see 1.3.1 ) there is a related subspace
where the state pair NextStateA/NextStateB is present. If in this
(virtual ) subspace no other states are present then a real subspace
is achieved allowing high order adjacencies.

(a) OVERVIEW :
1.3.2 GenerateAllvirtualsSubspaces
{ begin }
{ repeat : }
{ choose two input patterns different from don't
care definition; one from CoincdMatrixd, the
cother from CoincMatrixB );

1.3.2.1 RecursiveCreation;

{ until all possible pair of input patterns has
been tried };

{ erd };

(b) HIGHLIGHIS :

* 1.3.2.1 RecursiveCreation : looks for all possible subspaces that canbe
generated from the two input patterns under
consideration. This procedure is auto-recursive and makes use of
an internal procedure TestSequence to check the moment to stop the
branched recursions. At the end of each recurrence a vector
defining a subspace is stored.
For instance, the vector

(11202)
defines a second-order subspace; and the vector
(12222)

defines a fourth-order subspace ( "2" stands for
don't care bit ).
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(c) INPUTS :

( 1) CoincMatrixA : array of input symbols which are
related to PresentState and
NextStateA.

{ ii) CoincMatrixB : array of input symbols which are
related to PresentState and
NextStateB.
(d) OUTPUTS :

( 1) SubspacesWaitinglist : list of vectors defining
possible subspaces.
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1.3.3 KeepOnlyActualSubspaces

Not every subspace definition stored in SubspacesWaiting-List is a
validy one. Only the subspaces containing the states NextStateA and
NextStateB, ard no other states, are of interest.

This procedure checks the previous defined subspaces and keeps the
actual ones.

(a) OVERVIEW :
1.3.3 KeepOnlyActualSubspaces
{ begin }
{ repeat : }

{ get a subspace definition from Subspaces-
Waitinglist );

1.3.3.1 FullInEigenVectorsSet;
1.3.3.2 CheckBaseOrthogonality;

{ if orthogonality then store definition in
BookedSubspacesList };

{ until every definition has been tried };
{ end };

(b) HIGHLIGHTS :

* 1.3.3.1 FullInEigenVectorsSet : that means, look for 1input symbols
possibly matching the subsgpace defin-
ition under consideration. Hence, only input symbols that, forthe
current PresentState, imply in next states equal to NextStateA or
NextStateB or don't care next state are the good ones.
Selected input symbols are stored in the list:

{ 1) EigenvectorsList.

* 1.3.3.2 CheckBaseOrthogonality : now we have to prove that the input
pattermns within EigenVectorsList fully
geherate the subspace definitionunder consideration; i.e. wehave

to check the Eigen vectors' "orthogonality".
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(c) INPUTS :
( i) PresentState
( ii) NextStateA
(1ii) NextstateB

( iv) InputMatrixDef :

( v) NextStateTable :

25

( reference state ):;
{ state from pair under focus });
{ state from pair under focus );

every input pattern receives a
identifier (a non negative integer}.

as entries to this table you have
an input pattern identifier and a
present state ; as output you have
a next state (next state = -] means
that the current input pattern is
not related to the current present
state ).

( vi) SubspacesWaitingList : list of vectors defining

(d) OUTPUTS :

possible subspaces.

( 1) BookedSubspacesList : list of vectors defining

actual subspaces.
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1.3.4 DetectPossibleInputStateAdjacencies

The subspaces stored in BookedSubspacesList are not necessarily mitualy
exclusive ones; that means, the subspaces can overlap. Hence, anoptimal
combination of mitually exclusive subspaces has to be choosen in order
to result in a maximal mmber of adjacencies.

(a) OVERVIEW :
1.3.4 DetectPossibleInputStateAdijacencies
{ begin )

{ create backup list from BookedSubspacesList
aiming future information }

{ repeat )}
{ get a subspace definition, say SubspaceA }

{ compare SubspaceA with other definitions and
keep in Exclusivelist only the subspaces
without overlapping with SubspaceA }

{ update Exclusivelist; that means, there are
possibly some subspaces within Exclusivelist
which overlaps themselves. Keep only the
mitualy exclusive subspaces with biggest
dimensions }

{ count possible number of reached adjacencies;
i.e. the number of commun don't cares between
SubspaceA and the other definitions in the
updated Exclusivelist }

{ compare the number of possible adjacencies
with the maximal reached until now; if
necessary, update this last value.

Hint : SubspaceA can be a subset from other
subspace definitions within BookedSubspaces—
List; that is why we have to update the
maximal mumber of possible adjacencies )

{ until each subspace definition in BookedSubspa-
cesList has been tried )

{ retrieve information in BockedSubspacesList }

{ end }

(b) INPUTS :

{ 1) BookedSubspaceslist : list of vectors defining
actual subspaces.

{c) OUTPUIS :

{ 1) adjacencies : maximal number of possible adjacencies
for a given pair of states.



guide 27
1.4 ComputeoOutputStateAdjacencyConditions

Identify possible adjacency conditions due to the structure of the
different cutput pattemns.
(a) OVERVIEW :
1.4 ComputeQutputStateAdjacencyConditions
{ begin }
{ set initial cornditions };
{ for each state pair do : }
{ repeat : }
1.4.1 CountPossibleOutputStateAdjacencies;
{ until each input patterm has been checked ):
{ repeat : }
1.4.1 CountPossibleOutputStateAdjacencies;

{ until each possible input pattern combination
has been checked };

{ erd do }:

{ erd };

(b) HIGHLICTS :

* 1.4.1 CountPossibleOutputStateddjacencies : this procedure compares bit

by bit the different output patterns and updates the mmber of
possibkle adjacencies due to the intercorrelation between states and
outputs.
An internal procedure "CampareBitByBitOutput! returns information
about the matching between bits from two different output patterns.
This information is important in order to update the mmber of
possible adjacencies related to cutput patterns.
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(c) INPUTS :

( 1) VectorInputCorrelation : number of same don't care bit
positions considering two different
input pattemns.

( ii) VectorInputAutoCorrelation : number of don't care bits
in an input pattern.

(iii) NextStateTable : as entries to this table you have
an input pattern identifier and a
present state ; as output you have
a next state (next state = -1 means
that the current input pattern is
not related to the current present
state ).

( iv) CutputMatrixDef: every ocutput pattern receives a
identifier (a non negative integer).
(@) OUTPUTS :
( 1) VectoroutputState : mmber of adjacency conditions

for each state pair due to the
FSM outputs.
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1.5 ComputePresentStateNextStateAdjacencyConditions

Besides calculating present-state--next-state adjacency conditions,
this procedure also cambines other adjacency conditions and gives an
estimation of the total mnumber of adjacencies for each state pair. Only
the necessary information is stored for future use.

(a) OVERVIEW :

1.5 ComputePresentStateNextStateAdjacencyConditions
{ begin }

{ set initial conditions }:

{ for each state pair do }

{
{

{

reset initial conditions };
repeat : )

1.5.1 CountPossiblePresStNextStadjacencies:
until each input pattern has been checked };
repeat : }

1.5.1 CountPossiblePresStNextStAdjacencies;

until each possible input pattern combination
has been checked };

campute indeperdently reached conbined
adjacencies };

compute combined adjacencies conditional to
block placement, taking into account present-—
state--next-state and input-state dependencies}:;

sort number of combined conditional adjacencies
taken into consideration the current results in
VectorLineAux ( for a given state pair, this
vector contains conbined adjacencies conditional
to block placement; that is, present-state--next-
state and input-state dependencies). };

store in ConditicnalTable and ConditionalAdja-
cencies only the necessary information; i.e.
a limited number of conditicnal pairs };

estimate the total muber of adjacencies };

{ end do };

{ end };
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(b) HIGHLIGHTS :

* 1.5.1 CountPossiblePresStNextStAdjacencies : there are some adjacencies
that do not depend on next-states (this information is stored in
VectorDentCare) , and adjacencies that do depend on next-state block
placement (this information is temporarily stored in
VectorlineAux) .

(c) INPUTS :

( i) NextStateTable: as entries to this table you have
an input pattern identifier and a
present-state ; as output you have
a next-state (next-state = -1 means
that the current input pattern is
not related to the current present-
state).

( ii) VectorInputState: mmber of adjacency conditions for
each state pair depending on the
inputs to the FSM.

(iii) VectoroutputState: nmumber of adjacency conditions for
each state pair due to the FSM
outputs.

( iv) VectorInputCorrelation: mmber of same don't care bit
positions considering two different
input patterns.

( v) VectorInputAutoCorrelation: number of don't care bits
in an input patterns.

(d) OUTEUTS :

( 1) VectorDontCare : there are some present-state——next-
state adjacerncies independent from
next-state block placement.

( ii) VectorUnconditional : all possible adjacencies not
dependent from next state block
placement.

(iii) conditionalTable : for each state pair there is an
ordered series of state pairs resul-
ting on a maximal mumber of adjacen-
cies that depends on block placement.
The series' lenght is imposed by the
paraneter MNSC ( maximal mmber of
similtaneously satisfied adjacency
corditions ).



guide 31

( iv) CorditionalAdjacencies :in ConditiocnalTable you have
information about conditional state
pairs. The mumber of conditional
reached adjacencies concerning each
conditional state pair will be found
in the table ConditionalAdjacencies.

{ Vv) VectorEstimationTotal : estimation of the total
mmber of adjacencies if a given
state pair has been codewise adjacent.
This estimation depends on the para-
meter MNP ( estimated average number
of partitions containing a specified
state pair at the same block ).
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1.6 SortPriorities
This procedure orders priorities aiming to build a final family of
partitions.
(a) OVERVIEW :
1.6 ScrtPriorities
{ begin }
{ retrieve information form VectorEstimationTotal };
{ sort priorities };
{ store results in VectorPriority }:

{ erd };

(b) INPUTS :

( 1) VectorEstimationTotal: estimation of the total mumber

of adjacencies if a given state pair
has been codewise adjacent.
This estimation depends on the para-
meter MNP ( estimated average mumber
of partitions containing a specified
state pair at the same block ).

(c) OUTPUIS :

( i) VectorPriority: ordered series of state pairs sup-
posed to have preferencial entry
while building a family of
partitions.
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1.7 GenerateFinalFamiliesOfPartitionsBasedOnPriorities

Final families of partitionsare built sequentially cbeyingpriorities.
Here a "branch and bourd" approach has been used for the purpose of
placing states into partition blocks.

Orce finished, the current Final Family of Partitions (FFP) has to be
shaped in order toallow state encoding. After that, theresults aresent
to a file which will be read by the minimiser.

MINAS has towait for the answer comming from the minimiser in order to
proceed. Depending on the achieved mumber of product terms, the
algorithm decides either to go on or rot.

(a) OVERVIEW :

1.7 GenerateFinalFamiliesOdPartitionsBasedOnPriorities
{ begin }

{ set initial conditions }:

{ repeat : }
{ choose a state pair as priority head };
1.7.1 BuiltFinalFamilyOfPartitions;
1.7.2 ShapeFinalFamilyOfPartitions;
1.7.3 RecordFinalFamilyOfPartitions:;
1.7.4 MinimizeMachineStructure;
1.7.5 AnalyzeMinimizedStructure;

{ until optimal concept is reached };

{ end }
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(b) HIGHLIGTS :

*1.7.1

* 1.7.2

* 1.7.3

* 1.7.4

* 1.7.5

BuiltFinalFamilyOfPartitions : Two states are codewise adjacent if
they are placed in separate blocks

only at one partiticn of the FFP, and if placed together in all the

other partitions.

Starting with the priority head, this procedure chooses state pairs

and iserts them into the current FFP.

If one state of the choosen state pair is a state member, the other

state is made codewise adjacent to it.

(State mamber means that the state has already been placed in all

partitions).

If both states are not state members, one state is placed codewise

adjacent to an old member; then, if possible, the second state is

placed codewise adjacent to the first one.

This routine is followed until all states become members,

ShapeFinalFamilyOofPartitions : State assigmment depends on state
position within a partition (

states in the first block are coded with "0", in the second block

coded with "1™).

In order to shape the "best" block positions, this procedure takes

into consideration the number of entries of the states in the

NextStateTable.

RecordFinalFamilyOfPartitions : after having built and shaped a

FFP, the results are registered in
a file matching the simplest versicn of the minimiser input format
definition ( Annexe 1 ).

MinimizeMachineStructure : MINAS has no internal procedure
allowing minimisation of encoded FSM's.
In order to achieve this purpose, we have decided to use the library
program MOM ( Multiple Cutput Minimiser ), available in the TUE-Lib.
For the purpose of information exchange between the two programs, the
mailbox concept is needed. A mailbox is an object (a file) that two
(or more) programs use to get messages or to put messages in.
To read or to write using mailboxes, MINAS uses the " MBX system
calls" described in detail in the mailbox chapter of the "Domain -~
Programming With System Calls for Interprocess Commmnication"
manual.

AnalyzeMinimizedStructure : The results from MOM (a minimized FSM)
are available in a file ( format

definition given in Annexe 1).

MINAS gets data from this file in order to decide which assigrment

will be the best.
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(c) INPUIS :

( i) VectorPriority : ordered series of state pairs sup-
posed to have preferencial entry
while building a family of partitions.

( ii) ConditionalTable : for each state pair there is an
ordered series of state pairs resul-
ting on a maximal mmber of adjacen-
cies that depends on block placement.
The series' lenght is imposed by the
parameter MNSC.

(iii) ConditionalAdjacencies :in ConditionalTable you have
information about conditional state
pairs. The number of conditional
reached adjacencies concerning each
corditional state pair will be found
in the table ConditicnalAdjacencies.

( iv) NextStateTable : as entries to this table you have
an input pattern identifier and a
present-state ; as output you have
a hext-state (next-state = -1 means
that the current input pattern is
not related to the current present-
state ).

( v) file with results from the minimiser ( Annexe 1).

(d) OUTPUTIS :

{ 1) FFPKey : best final family of partitions.
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1.7.1 BuiltFinalFamilyOfPartitions

Two states are codewise adjacents if they are placed in separate blocks
only at one partition of the FFP, and if placed together in all the cther
partitions.

Starting with the priority head, this procedure chooses state pairs ard
iserts them into the current FFP.

If one state of the choosen state pair is a state member, the other state
is made codewise adjacent to it.

(State member means that the state has already been placed in all
partitions).

If both states are not state members, one state is placed codewise
adjacent to an old menber; then, if possible, the second state is placed
codewise adjacent to the first one.

This routine is followed until all states become members.

(a) OVERVIEW :

1.7.1 BuiltFinalFamilyOfPartitions
{ begin }
{ get value for priority head };
{ set initial conditions };

{ place state pair identified by priority head in
partitions of the FFP };

{ place corditional state pairs related to priority
head in all paritions : }

{ ReferencePosition := PriorityHead }
1.7.1.1 FullInVectorAuxiliarWithConditicnalPairs;
1.7.1.2 PlaceConditionalPairsFranVectorAuxiliar;
{ place cother state pairs cbeying pricrities, until
FFP is finished : )
{ repeat : }
{ get value for priority head auxiliar };
{ ConditionalPair := PriorityHeadAux };
1.7.1.3 MakeLinkForStatePair;
{ if FFP not finished then }
1.7.1.4 DetectNeighbouring;
{ if PriorityHeadAux codewise adjacents then)

{ ReferencePosition := PriorityHeadAux }:



guide

37

1.7.1.1 FullInVectorAuxiliarWithConditionalPairs;
1.7.1.2 PlaceConditionalPairsFronVectorAuxiliar;
{ end if };
{ end if };
{ until FFP is finished };

{ end }:

(b) HIGHLIGHTS :

* 1.7.1.1

*1.7.1.2

* 1.7.1.3

* 1.7.1.4

FullInVectorAuxiliarWithConditionalPairs : for a given
Reference-Position

(that is, for a given state pair identifier), this procedure looks

for conditional state pairs stored in the CorditionalTable in

orther to place then into the FFP.

Conditional pairs are chosen following a prespecified weight which

depends upon the parameter "Cost".

Array resulting from this procedure :

( 1) Vectorlocus : state pair identifiers from Condi-
tionalTable related to Reference-
Position and presenting more condi-
tional adjacencies than the pre-
specified weight.

PlaceConditional PairsFromVectorAuxiliar : each state pair from
Vectorlocus will be
placed, if possible, into the partition blocks.

MakeLinkForStatePair : Some reguirements must be fulfilled in
order to place a ConditionalPair into a

FFP. An important boundary condition is the maximal allowed

number of adjacencies for state member. (State member means that

the state has been already placed in all partitions).

If one state of the chesen ConditionalPair is a state member, the

other state is made codewise adjacent to it.

If both states are not state menmbers, one state is placed codewise

adjacent to an old member; then, if possible, the second state is

placed codewise adjacent to the first cne.

DetectNeighbouring : it is meaningful to try to place conditiocnal
state pairs related to the current

PriorityHeadaAux only if the state pair PriorityHeadAux is self

codewise adjacent. '

This procedure checks if the states from PriorityHeadAux are

adjacents.



38

(c) INPUTS :

( i)

(iii)

( iv)

(vi)

PriorityHead : state pair which initialises the
construction of a FFP.

VectorPriority : ordered series of state pairs sup-
posed to have preferencial entry
while building a family of partitions.

CorditionalTable : for each state pair there is an
ordered series of state pairs resul-
ting on a maximal number of adjacen-
cies that depends on block placement.
The series' lenght is imposed by the
parameter MNSC.

CorditionalAdjacencies :in CorditionalTable you have
information about conditional state
pairs. The number of conditional
reached adjacencies concerning each
conditional state pair will be found
in the table ConditionalAdjacencies.

VectorUnconditional : all possible adjacencies not
dependent from next state block
placement.

Cost : parameter imposing the number of conditional
state pairs which will be catched
out the ConditicnalTable for the
purpose of built a FFP.

(d) OUTPUTS :

(

i) FFP : final family of partitions resulting from
PriorityHead.

guide
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1.7.1.1 FullInvectorAuxiliarWithConditionalPairs

For a given ReferencePosition (that is, for a given state pair
identifier), this procedure selects conditional state pairs stored in
the ConditionalTable in order to place then into the FFP.
Conditional pairs are chosen following a prespecified weight which
depends upon the parameter "Cost".

(a) GENERAL VIEW :
1.7.1.1 FullInVectorAuxiliarWithConditionalPairs
{ begin }

{ get information in ConditionalTable and
in CorditionalAdjacencies related to
ReferencePosition };

{ update mmber of adjacencies taking into
account that now the state pairs will be
actually codewise adjacents };

{ choose weight };

{ keep only state pairs presenting mmber of
adjacencies greater than or equal to weight);

{ end };

(b) INPUTS :

( 1) ReferencePosition : state pair conducting the choice
of state pairs out the Conditional-
Table.

( ii) ConditionalTable : for each state pair there is an
ordered series of state pairs resul-
ting on a maximal number of adjacen-
cies that depends on block placement.
The series' lenght is imposed by the
parameter MNSC .

(iii) ConditionalAdjacencies :in ConditionalTable you have
information about conditional state
pairs. The number of conditional
reached adjacencies concerning each
corditional state pair can you find
in the table ConditicnalAdjacencies.
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( iv) VectorUncomnditional : all possible adjacencies not
dependent from next state block
placement.

{ v) Cost : parameter imposing the mumber of conditional
state pairs which will be catched
out the ConditionalTable for the
purpose of built a FFP.

(c) CUTPUTS :

( 1) Vectorlocus : state pair identifiers from Conditio—
nalTable related to ReferencePosition
and presenting more conditiocnal
adjacencies than the prespecified
weight.
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1.7.1.2 PlaceConditionalPairsFromVectorAuxiliar

If possible, each state pair from VectorLocus will be placed into the
partition blocks.

(a) OVERVIEW :
1.7.1.2 PlaceConditicnalPairsFronVectorduxiliar
{ begin }
{ set initial conditions }:
{ repeat : }
{ get a state pair from VectorLocus }
1.7.1.3 MakeLinkForStatePair;

{ until VectorlLocus is exhausted
or FFP is finished }:

{ erd }:
(b) INPUTS :

{ 1) Vectorlocus : state pair identifiers from
CornditionalTable related to
ReferencePosition and presenting
more conditional adjacencies
than the pre-specified weight.

( ii) ReachedAdjacencies : array containing the current
mmber of reached adjacencies for
every state.

{iii) SetOfAdjStates 1 array containing the set of
arrrent adjacent states to every
state.

( iv) FFPStateMembership : set with current state menmbers.

( Wv) FFP ¢ ( current status )
(dy CUTPUTS :
{ 1) Reachedddjacencies : ( updated )
( ii) SetOfAdjsStates ¢t ( updated )
(iii) FFPStateMembership : ( updated )
( iv) FFP : ( updated )
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1.7.1.3 MakeLinkForStatePair
Some requirements must be fullfilled inorder toplace a ConditionalPair
into a FFP. An important boundary condition is the maximal allowed
number of adjacencies for state member. (State member means that the
state has been already placed in all partitions).
If one state of the chosen ConditionalPair is a state menber, the other
state is made codewise adjacent to it.
If both states are not state members, cne state is placed codewise
adjacent to an old menber; then, if possible, the second state is placed
codewise adjacent to the first one.
(a) OVERVIEW :
1.7.1.3 MakeLinkForStatePair
{ begin }

{ state pair wder consideration is identified
by the variable ConditionalPair }:

{ get current reached adjacencies for states
identified by ConditionalPair };

{ if one state is a state member owning less
adjacencies than the maximal allowed and the
other state is not a member then : )

1.7.1.3.1 StoreStatePair;

{ else : }

{ if both states are not state members then: }
{ introduce the first state : )
1.7.1.3.2 LockForOverlapping;
1.7.1.3.1 StoreStatePair;

{ if reached adjacencies for first state is
less than allowed then : )

{ introduce second state adjacent to the
first one : }

1.7.1.3.1 StoreStatePair;

{ else : introduce second state adjacent to
cother state member : }

1.7.1.3.2 LookForOverlapping;
1.7.1.3.1 StoreStatePair;
{ else : }
{ if one state's reached adjacencies is the

maximal allowed , and the other state is
noct a state member then : }
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{ introduce second state adjacent to any
cther state menber : }

1.7.1.3.2 LookForOverlapping;
1.7.1.3.1 StoreStatePair;

{ else : both states are state members;
do nothing }

{ end };

(b) HIGHLIGHTS :

* 1.7.1.3.1 StoreStatePair : first, the state pair is placed together inthe
blocks of all partitions; after, the states
under consideration are put apart in only one partition, that
means they are made adjacent states.
Finally the number of reached adjacencies for every state mewber
is updated.

% 1,7.1.3.2 LookForOverlapping : this procedure looks for a state menber
owning less reached adjacencies than the
maximal allowed, for the purpose of introducing a new state in

the FFP adjacent to it .

{c) INFUIS :

( i) CorditionalPair : state pair supposed to be inser-
ted into the FFP.

( 1i) ReachedAdjacencies: array containing the current
number of reached adjacencies for
every state,

(iii) SetofAdjStates : array containing the set of
current adjacent states to every
state.

( iv) FFPStateMembership: set with cuwrrent state members.

( V) FFP : ( current status )

(d) OUTPUTS :

( i) ReachedAdjacencies : ( )
( ii) SetofAdjstates : )
(iii) FFPStateMembership : ( updated )
( iv) FFP : ( )
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1.7.1.3.1 StorestatePair

First, the state pair is placed together inthe blocks of all partitions;
after, the states under consideration are put apart in only one
partition, that means they are made adjacent states.

Finally the nmumber of reached adjacencies for every state member is

updated.

(a) OVERVIEW :
{ begin
1.7.1.

1.7.1.

1.7.1.

{ end };

)
3.1.1 InsertStatePairTnillBlocksOfFFP;
3.1.2 DivorceStatePair:

3.1.3 UpdateStateAdjacencies;

(b) HIGHLIGHTS :

*1.7.1.3.1.1

*1.7.1.3.1.2

InsertStatePairInAl1BlocksOfFFP : by construction, there
are only two possibil-
ities for the pair of states: the first state is a state member
and the second not; or otherwise. Hence, the state not menber
is placed in the blocks where the state member is already
present.
Tool: intermal procedure Join(StateW,stateZ,FFP) which
inserts StateW in all the blocks of FFP including StateZ.

DivorceStatePair : the state pair in focus must be placed in
separated blocks in only one partition
(remenber that one state is a state member and the other not).
The best partition for this purpose is one of the partitions
including the set of state members adjacent to the state
merber under consideration.
(Hint: the states in one set of adjacent states to
a given state are never adjacent to themselves).
Tools:
{(a) SelectFor(State,BestBlock,BestPartition):
chooses the block within one partition
including the set of adjacent states to State.
(b) Divorce(State,ChoosedBlock, PartialPartition):
transfer State from ChoosedBlock to the other
one within the PartialPartition.
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* 1.7.1.3.1.3 UpdateStateAdjacencies : by construction, each new state
mamber has perhaps other adjacen~
cies than the ones already booked.

(c} INPUIS :

( i) ConditionalPair : state pair supposed to be inser-
ted into the FFP.

( ii) ReachedAdjacencies: array containing the current
number of reached adjacencies for
every state.

(iii) SetofAdijstates : array containing the set of
current adjacent states to every
state.

( iv) FFPStateMembership: set with current state members.

( v) FFP : { axrent status )

(dy OUTPUIS :

( 1) ReachedAdjacencies :
( ii) SetofAdjstates
(iii) FFPStateMembership
( iv) FFP

I
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1.7.1.3.2 LookForOverlapping
This procedure looks for a state member owning less reached adjacencies
than the maximal allowed, for the purpose of introducing a new state in
the FFP adjacent to it.
(a) OVERVIEW :
1.7.1.3.2 ILookForOverlapping
{ begin }
{ repeat : }
{ get a state };
{ until state = member and
reached adjacencies less than maximal
allowed };

{ exd };

(b) INPUTS :

( 1) StateZ : the state to be introduced.

( ii) ReachedAdjacencies : array containing the current
nunber of reached adjacencies
for every state.
adjacent states to every state.

(iii) FFPStateMembership : set with current state members.

(c) OUTPUIS :

( i) CorditionalPair : pair of states supposed to be
introduced in the FFP. { only
one state is already a member).
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1.7.1.4 DetectNeighbouring

It is meaningful to try to place conditional state pairs related to the

current PriorityHeadAux only if the state pair PriorityHeadAux is self

codewise adjacent.
This procedure checks if the states fram PriorityHeadAux are adjacents.

(a) OVERVIEW :

1.7.1.4 DetectNeighbouring
{ begin }

{ count how many partitions have StateX and
StateY in the same block );

{ verify adjacency condition };

{ end }

(b) INPUTS :
( 1) StateX : state under consideration.
( ii) StateY : state under consideration.
(iii) FFp ¢ (current status).

(c) OUTPUTS :

( i) AdjacentStates : boolean answer concerning adjacency
status between StateX and StateY.
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1.7.2 ShapeFinalFamilyOfPartitions

State assigrment depends onstate positionwithin apartition (statesin
the first block are coded with "0", in the second block coded with "1").
In order to shape the "best" block positions, this procedure takes into
consideration the mmber of entries of the states in the NextStateTable.

(a) OVERVIEW :
1.7.2 ShapeFinalFamilyOfPartitions

{ begin }

{ compute for each state the number of entries in
the NextStateTable };

{ the block presenting the biggest sum of entries
in the NextStateTable is choosed to be place in
the first position within one partition };

{ exd };

(b) INPULS :

{ 1) FFP : final family of partitions.
{ current status )

( ii) NextStateTable : as entries to this table you have
an input pattern identifier and a
present state ; as output you have
a next state (next state = -1 means
that the current input pattern is
not related to the current present
state ).

(c) OUTPUTS :

( i) FFP : final family of partitions.
{ final status )
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1.7.3 RecordFinalFamilyOfPartitions

After having built and shaped a FFP, the results are registered in a file
matching the simplest version of the minimiser input format definition
(Appendix 1; aiming to save time, only the necessary information is
given to the minimiser, without comments).

(a) OVERVIEW :
1.7.3 RecordFinalFamilyofPartitions
{ begin }

{ assign codes to states considering position in
the partitions }:

{ register results in minimiser input file
according to format definition };

{ erd }:
{(b) INPUTS :

( 1) FFP : { final status }.

(c) OUTPUTS :

( i) file matching minimiser input file format.
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1.7.4 MinimizeMachineStructure

MINAS has no internal procedure allowing minimisation of encoded FSM's.
In order to achieve this goal, we have decided to use the library program
MOM (Multiple Output Minimiser), available in the TUE-Lib.

For the purpose of information exchange between the two programs, the
mailbox concept is needed. Amailbox is an object (a file) that two (or
more) programs use to get messages or to put messages in.

To read or to write using mailboxes, MINAS uses the "MEX system calls"
described in detail in the mailbox chapter of the "Apollc Domain -
Progranmming With System Calls for Interprocess Commmication” manual.

(a) OVERVIEW :

1.7.4 MinimizeMachineStructure
{ begin }

{ get departure time; that means, register time
instant before minimiser becomes activated };

1.7.4.1 MBX Client Priori;
1.7.4.2 MBX Client Posteriori:

{ get arrival time; i.e register time instant
when minimiser becames inactivated }:;

{ end }
(b) HIGHLIGHTS :

* 1.7.4.1 MBX Client Priori : MINAS is one client of the mailbox server (
MM is the other one).
This procedure sends a message to the server instructing that the
data file for the minimiser has been closed.

* 1.7.4.2 MBX Client Posteriori : This procedure asks to the server if the
results from the minimiser are
available. The server gives a positive answer only when the file
with results from the miniser is closed.
(c) INPUIS :

{ 1) Step : FFP are generated sequentially. The server
receives information about the current Step.

(d) OUTEUTS :

( i) MM sec : minimiser execution time for the current

Step.
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1.7.5 AnalyzeMinimizedStructure

The results from MOM (a minimised FSM) are available ina file (format
definition given in Annexef ).

MINAS gets data from this file in order to decide which assigrment will
be the best,

(a) OVERVIEW :
1.7.5 AnalyzeMinimizedStructure
{ begin )

{ read information from file with minimised
structure };

{ if current ProductTerms (i.e., the minimal cover
cardinality) is less than latest reference
then )
{ keep the FFP as the best until now };
{ end };
(b) INPUTS :
( 1) ProductTerms : read from minimiser file.

( ii) MinProductTerms : latest value.

. . 4o
(iii) Step : index related current FFP.

{c) CUTPUTS :
( 1) MinProductTerms : updated value.

( ii) FFPKey : chosed "best" FFP for the time being.
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1.8 RecordBestFinalFamilyOfPartitions
After having decided for the "best" final family of partitions (that is,
the assigmment resulting onthe smallest number of product terms) , MINAS
registers the results in a file matching the minimiser input format
definition ( Annexe 1).
(a) OVERVIEW :
1.8 RecordBestFinalFamilyOfPartitions
{ begin }

{ assign codes to states considering position in
the partitions }:

{ open minimiser input file };
{ write some coments regarding the assigrment };

{ register results in minimiser input file
according to format definition };

{ close file };

{ end }

(b) INPUTS :

( 1) FFPKey : best final family of partitions;
{ final status }

(c) OUTRUIS :

( 1) file matching minimiser input file format.
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1.9 RecordLoopTime
Same remarks as for GetReferenceTime (1.1).

This procedure computes and shows the algorithm's global execution
time, including the required time for minimisation.
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V. PROGRAM

program MINAS (input,output,PrimitiveData,Register,Mini) ;

(R R R R R R R R s R )

{ INCIUDE FILES }

(HE#E RS S AR R R R R R A )

SINCLUDE
%INCILUDE
$INCLUDE
%INCLUDE
%INCLUDE
%INCIUDE

' /sys/ins/base. ins.pas';
'/sys/ins/error.ins.pas';
' /sys/ins/mbx. ins.pas’;
'/sys/ins/pgm. ins.pas’;
'/sys/ins/time. ins.pas’;
'/sys/ins/cal.ins.pas';

(##HHH R R R R R R R R )

{ DATA STRUCIURE AND GLOBAL, VARIABIES }

{(###HHE R R R R R R R A R R R R R )

const DataFile = 'FSM06.DAT!;
RecordFile = 'FSMO6.DEF';
MonFile = 'FSMOG.MIN';

file with primitive data }
file with results }
answer from MOM }

P Wi W

const StateRange = 7; { S: Number of States }
StatePairPositionRange = 21; { (S -1)*S div 2 )
PartitionRange = 3; { ki 2%k (k=1) < S =< 2%¥k )

const InputBitRange = 2; { Number of input lines )}
InputPattermRange = 5; { IP: Number of different inputs}
InputPairPositionRange = 10; { (IP =1)*IP div 2 }

const OoutputBitRange = 2; { Nurber of output lines }
OutputPatternRange = 4; { Number of different outputs }

const MNP = 2; { parameter, normaly = k/2 )
MNSC = 7; { parameter, normaly = S or S+1 }
Cost = 1.0; { parameter, range 0 .. 1 }

type NonNegInteger = 0..maxint;
Bits = 0..2;

type States = 1..StateRange;
SetOfStates = set of States;
Block = SetOfStates;
ProperPartition = record Block?,BlockB: Block end;
FamilyOfProperPartitions =array[l..PartitionRange] of ProperPartition;
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type NextStates = -1,.StateRange;

type StatePairSeries = 1..StatePairPositionRange;
InputPairSeries = 1..InputPairPositionRange;
InputSeries = 1..InputPatternRange;

* InputBitSeries = 1..InputBitRange:
OutputSeries = 1..OutputPatternRange;
OutputBitSeries = 1..OutputBitRange;
PartitionSeries = 1..PartitionRange;
MNSCSeries = 1. .MNSC;

o

type BlockRange = 1..2;
InputBitMatching = 0..InputBitRange;
MaxField = 1..3;

type VectorStatePairPosition =array[StatePairSeries] of NonNegInteger;
VectorCounter = array[StatePairSeries]) of real;
VectorInputDef = array[InputBitSeries] of Bits;
VectorOutputDef = array[OutputBitSeries] of Bits:

type VectorCounterMNSC = array[MNSCSeries] of real;
VectorStatePairPosMNSC = array[MNSCSeries] of NonNegInteger;

type StackPointer = ~StackComponent;
StackComponent = record
Value:NonNegInteger;
Next: StackPointer
end;

type MatrixList = ~MatrixComponent;
MatrixComponent = record
Vector: VectorInputDef;
Next: MatrixList
end;

type Crosses = record
Afinity: 0..2;
DubbleCross: InputBitMatching;

end;
{oeraceceinitaasoannaaaatsoatnsssasssssassnssnanssnssassssatnsanesossnnansoss }
var PrimitiveData: text:; { file of NonNegInteger }
Register,Mini: text; { file of NonNeglInteger )

var ConditionalTable: array{StatePairSeries} of StackPointer;
ConditionalAdjacencies: array[StatePairSeries] of StackPointer;

var FFP,FFPKey: FamilyOfProperPartitions;
FFPStateMenbership: SetOfStates;
NumberOfStateMembers: 0..StateRange;

var SetOfAdjStates: array([States] of SetOfStates;
Reachedadjacencies: array[States] of NonNegInteger;

var StateX,StateyY: States;
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var StatePairPosition: StatePairSeries;
Iocation,PriorityHead: StatePairSeries;

var Item: NonNegInteger;:

var VectorTnputState: VectorCounter;
VectorOutputState: VectorCounter:;
VectorDontCare: VectorCounter;
VectorUnconditional: VectorCounter;
VectorEstimationTotal: VectorCounter;
VectorPriority: VectorStatePairPosition;

var NextStateTable: array[States,InputSeries] of NextStates;
OutputTable: array[States,InputSeries] of OutputSeries;
InputMatrixDef: array[InputSeries] of VectorInputDef;
OutputMatrixDef: array[OutputSeries] of VectorOutputDef;

var VectorInputCorrelation: array[InputPairSeries] of Crosses;
VectorInputAutoCorrelation: array[InputSeries] of Crosses;

var Bit: Bits;
Option: 1..2;

var BestPartiticn : PartitionSeries:
BestBlock : BlockRange;
Adjacencies : NonNegInteger;
SumAdjacencies: real;

var MinlogicGates,MinProductTerms,Minlocation: NonNegInteger:
Step,MinStep: NonNegInteger:;

var statrec: status $t; { error status after opening a file)
clock: time $clock t; ( internal time }

ref sec,loop sec: linteger; { readable time in sec )
MOM sec,dep sec,arr sec: linteger; { MM time )

(##HEE A R R R R R R )
{ TOOLS )

(R R R R R R R )

procedure Push(X: NonNegInteger; var Stack: StackPointer):
var NewComponent: StackPointer;

begin
new (NewComponent) ;
with NewComponent* do
begin Value := X; Next := Stack erd;
Stack := NewComponent
end; { Push )}

procedure Pop(var X: NonNegInteger; var Stack: StackPointer);

var OldCaomponent: StackPointer;
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begin
0ldComponent := Stack;
with OldCamponent” do
begin X := Value; Stack := Next end;
dispose (OldComponent.)
end; { Pop }
(e seeuaenonneasosonnseassnannsnnnnns }

procedure PushVector (X: VectorInputDef; var Matrix: MatrixList);
var NewComponent: Matrixlist;

begin
new (NewConponent ) ;
with NewCaomponent” do
begin Vector := X; Next := Matrix end;
Matrix:= NewComponent
end; ( PushVec }

procedure PopVector (var X: VectorInputDef; var Matrix: MatrixTist);

var OldComponent: MatrixList;

begin
OldComponent := Matrix;
with 0ldComponent” do
begin X := Vector; Matrix := Next end;
dispose (OldComponent)
end; { PopVec }

e ereeeencreuaseensansennansens e et teetenteetttaneea et rann et nranaas )

procedure Order( var A,B: States);
{ this procedure examines and, if necessary, exchanges the values of }
)

{ A and B so that the value of A is smaller than the value of B.

var T: 1..StateRarge;

begin
ifA>Bthenbegin T :=A; A :=B; B :=T end

end; { Order }

(eereenaceunnsencesonanasecesaseeconns )

procedure Increment( var A: NonNegInteger):
{ the goal of this procedure is ... )

begin
A=A 41
end; { increment )

procedure AddTo( var R: real; $: NonNegInteger) ;
{ the goal of this procedure is ... }
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program
begin

R :=R+ 5;

end; { add )}

function Power( A: NonNegInteger): NonNegInteger;
{ Computes 2 raised to the power A }

var I,Answer: NonNegInteger;

begin
Answer :=1;
for I := 1 to A do Answer := 2*Answer;
Power := Anhswer:;

end; {Power)

function Field( A: NonNegInteger): MaxField:
{ returns field format for printing integers )}

begin
if A < 10 then Field := 1
else
if A > 99 then Field := 3
else Field := 2;
end; (Field)

procedure Locate (FirstState,SecondState: States;
var StatePairPosition : StatePairSeries):
{ this procedure receives a state pair (FirstState < SecondState) and )
{ gives back its respective position in the ordered series of StatePairs)

begin

StatePairPosition := StateRange* (FirstState -1) +
Secondstate - FirstState -
((FirstState -1)*Firststate)div(2):

procedure Decode(StatePairPosition: StatePairSeries;
var FirstState,SecondState: States):
{ this procedure gets a state pair position in the series of ordered )
{ state pairs and computes the constitutive elements (First,SecondState))

var InversebPosition {of StatePair )} : 1..StatePairPositionRange;
Size {of the set of StatePairs with same FirstState)} : 0..StateRange;

begin

InversePosition := StatePairPositionRange - StatePairPosition +1;
Size 3= 0;
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FirstState
SecondState :

StateRange - Size;

StatePairPosition +

(FirstState* (FirstState +1))div(2) -
StateRange* (FirstState -1);

[

procedure Decodelnp(InputPairPosition: InputPairSeries;
var FirstPattern,SecondPattern: InputSeries);
{ this procedure gets a input pair position in the series of ordered }
{ input pairs and computes the constitutive elements (First,SecPattern) )

var InversePosition {of InputPair in the series} : InputPairSeries;
Size: 0..InputPatternRarge;

begin

InversePosition := InputPairPositionRange — InputPairPosition +1;
Size = 0;
repeat Size := Size +1 until InversePosition <= (Size*(Size +1))div(2):

FirstPattern := InputPatternRange - Size;
SecordPattern := InputPairPosition +
(FirstPattern* (FirstPattern +1))div(2) -
InputPatternRange* (FirstPattern -1);

end; { DecodeInp }

procedure QuickSort{ var Item : VectorCounter;
var locus: VectorStatePairPosition);
{ this is the quick sort algorithm for sorting list Item and preserve }
{ the previous correspondingly StatePairPosition in Locus. }

var left,Right: StatePairSeries;

procedure QS( var Item : VectorCounter;
var Locus : VectorStatePairPosition;
Ieft,Right: StatePairSeries);
{ recursive algorithm }

var I,J,L: NonNegInteger; var X,¥Y: real;
begin

I := left; J := Right;
X := Item[ (Left+Right)div(2)];
while I <= J do
begin
while (Item[I] > X)and(I < Right) do I
while (X > Item[J])and(J > Left ) do J
if T <= J then
begin
Y := Ttem[]; L := Locus[I]:
Ttem({T] := Item[J]; Locus[I] := Locus([Jd):;

I+1
J -1

-
.
-
.

e wa



program

I:=1I+1;J3 :=J -1;

end;
if (Ieft < J) then QS(Item,Ilocus,left,J);
if (I < Right) then 0S(Item,Locus,I,Right);

end; { QS }

begin { protocol }
Ieft :=1; Right := StatePairPositionRange:
QS (Ttem,locus,Ieft,Right) ;

end; { QuickSort }

(et tesnnesnaroronsessnnnennas cerd)

procedure ShortQuickSort( var Ttem : VectorCountexrMNSC;
var Locus: VectorStatePairPosMNSC) ;

var left,Right: MNSCSeries;

procedure QS( var Item : VectorCounterMNSC;
var Locus : VectorStatePairPosMNSC;
Ieft,Right: MNSCSeries);
{ recursive algorithm )}

var I,J,L: NonNegInteger; var X,Y: real;
begin

I := left; J := Right;
X := Item[ (Left+Right)div(2)];
while I <=J do
begin
while (Ttem[I] > X)and(I < Right) do
while (X > Item[J])and(J > Left ) do
if I <= J then
begin
Y := Item[I]; L := Locus(I];
Ttem[I] := Item[J]}s Locus[I] := Locus[J]:
Item[J] := ¥; Locus[J] := L;
I :=1+4+1; J :=J -1;
end;
end;
if (Left < J) then 0S(Item,locus,left,J);
if (I < Right) then QS(Item,Locus,I,Right);

G-

end; { QS }

begin { protocol }
Ieft :=1; Right := MNSC;
0S(Ttem, Locus, Left,Right) ;

end; { ShortQuickSort }
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{(#HHHHHE I R T R )
{ PROCEDURES }

(T R R R R )

procedure GetReferenceTime;

begin
cal $get local time(clock):;
ref sec := cal S$clock to sec(clock):
MOM sec := 0;
end;

(HHHH 44344 RE AR AR AR A AR A A R D

procedure GetPrimitiveData;

var VectorInput: VectorInputDef;
VectorCQutput: VectorCutputDef;

var PresentState: States;
NextState: NextStates;
InputPattern, ExistingInputPatterns: 1..InputPatternRange;
OutputPattern, ExistingCutputPatterns: 1..0utputPatternRange;

var IBit: 1..InputBitRange; OBit: 1..OutputBitRarge;

var Equivalence: boolean;
Ttem: NonNegInteger;

{ initial corditions }

for Ttem :=1 to OutputBitRange do
OutputMatrixDef[1,Ttem] := 2;

ExistingOutputPatterns := 1; { dont care label }

for Item :=1 to InputBitRange do
InputMatrixDef[1,Item] := 2;

ExistingInputPatterns := 1; { dont care label )}

for PresentState :=1 to StateRange do

for Ttem :=]1 to InputPatternRarge do

begin
NextStateTable[PresentState,Item] := -1; { not allowed next state)
OutputTable[PresentState, Item] := 1; { dont cares }

end;

{ open file ...)

open(PrimitiveData,DataFile, '0ID',statrec.all) ;
if statrec.all=0 then reset(PrimitiveData)
else writeln('There is no file named !',Datafile);
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{ receive data ...}
while not eof (PrimitiveData) do
begin

for IBit :=1 to InputBitRange do

begin read(PrimitivebData,Bit) ;VectorInput[IBit]:=Bit end;
read(PrimitiveData, PresentState) ;read (PrimitiveData, NextState) ;
for OBit :=1 to OutputBitRarge do

begin read(PrimitiveData,Bit) ;VectorOutput[OBit]:=Bit end;
readln(PrimitiveData) ;

Ttem :=0;
repeat
Ttem := Item +1;
Equivalence := true;
for IBit :=1 to InputBitRange do
begin
Equivalence := (Ecquivalence)and
(VectorInput[Ibit] = InputMatrixDef{Item,IBit])
end;
until (Item = ExistingInputPatterns) or Ecquivalence ;
if Equivalence then InputPattern := Ttem
else
begin
ExistingInputPatterns := ExistingInputPatterns +1;
InputPattern := ExistingInputPattemns:;
for IBit := 1 to InputBitRange do
InputMatrixDef[InputPattern, IBit] :
end;

VectorInput[Ibit];

Item :=0;

repeat
Ttem := Item +1;
Equivalence := true;

for OBit :=1 to OutputBitRange do
begin
Equivalence :=(Equivalence)and
(VectorOutput[OBit] = OutputMatrixDef[Item,OBit]);
end;
until (Item = ExistingOutputPatterns) or Equivalence ;
if Equivalence then OutputPattern := Item
else
begin
ExistingOutputPatterns := ExistingOutputPatterns +1;
OutputPattern := ExistingOutputPatterns:
for OBit := 1 to OutputBitRange do
OutputMatrixbef [OutputPattern,0Bit] := VectorOutput[Obit];
end;

NextStateTable[PresentState, InputPattern] := NextState;
OutputTable|PresentState, InputPattern] := OutputPattern;

erd; { receive data )

close(Primitivebata) ;

end; { GetPrimitiveData }
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program
{H# S R R R M R A R R )

procedure ComputeInputStateAdjacencyConditions;

var BookedSubspacesList,SubspacesWaitingList: Matrixlist;

var CoincMatrixA,CoincMatrixB:array[InputSeries) of VectorInputDef;
Virginity: array[StatePairSeries] of boolean;

var VectorPoint: VectorInputDef;

var PresentState,Statel,StateB: States;
NextStateA,NextStateB: NextStates;
StatePairPosition: StatePairSeries;
PatternA, PatternB: InputSeries ;
InputPairPosition: InputPairSeries;

var Mismatching, DubbleX: InputBitMatching;
Ttem: NonNegInteger:

procedure CompareBitByBitInput(PatternA,PatternB: InputSeries;
var Mismatching: InputBitMatching;
var DubbleX: InputBitMatchirg):

var Item: 1..InputBitRange;
BitA,BitB: Bits; { Bit = 2 ...> don't care! )

begin
Mismatching := 0; DubbleX := 0;

for Ttem :=1 to InputBitRange do

begin
BitA := InputMatrixDef[Patterna,Item];
BitB := InputMatrixDef[PatternB,Item];

if (BitA <> BitB)and(not((BitA =2)or(BitB =2))) then
Mismatching := Mismatching +1;
if (BitA =2)and(BitB =2) then
DubbleX := DubbleX +1;
erd;

end; { Compare Input }
{ A

procedure FullInInputStateCoincidenceMatrix;

var NextStateT: NextStates;
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InputPattern: InputSeries;
{ VectorPoint = vector input pattern definition with don't care bits }

begin

for InputPattern :=1 to InputPattermRange do
begin
NextStateT := NextStateTable[PresentState,InputPattern];
if (NextstateT = NextStateA) then
begin
CoincMatrixA[InputPattern] := InputMatrixDef[InputPattemn];
CoincMatrixB[InputPattern] := VectorPoint;

ernd
else
if (NextStateT = NextStateB) then
begin
CoinMatrixB[InputPattern] := InputMatrixDef[InputPattern]:;
CoincMatrixA[InputPattern] := VectorPoint:
end
else
begin
CoincMatrixA[InputPattern] := VectorPoint;:
CoincMatrixB[InputPattern] := VectorPoint;
end;
end;

erd; { full in CoincidenceMatrix }
()

procedure GenerateAllVirtualSubspaces;
{ builts and stores subspaces }

var SubspaceT: VectorInputDef;

procedure RecursiveCreation( IBit: InputBitSeries;
var SubspaceX: Vectorinputbef );
var IBitAux: InputBitSeries;
BitA,BitB: Bits;

procedure TestSequence;
in

if IBitAux = InputBitRange then
PushVector (SubspaceX, SubspacesWaitingList)
else
begin
IBitAux := IBitAw +1;
RecursiveCreation(IBitaAux, SubspaceX) ;
end
end; { TestSequence }
begin { recurtion }
{ the vectors that must be included in the subspace definition }
{ are given by CoincMatrixA[PatternA] and CoincMatrixB[PatternB]}

IBitAux := IBit;
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Bita :
BitB :

CoincMatrixA[PatternA] [IBitAux];
CoincMatrixB{PatternB} [IBitAux];

if (BitA = BitB) then
begin SubspaceX[IBitAux] := BitA; TestSequence end
else
if (BitA <> 2)and(BitB <> 2) then
begin SubspaceX[IBitAux] := 2; TestSequence end

else
if (BitA = 2) then
begin
SubspaceX[IBitAux] := BitB; TestSequence;
SubspaceX[IBitAux] := 2; TestSequence;
end
else
begin
SubspaceX[IBitAux] := BitA; TestSequence;
SubspaceX[IBitAux] := 2; TestSequence;
end;

end; { recursive algorithm }

begin { generation }
SubspacesWaitinglList := nil;
for PattermA := 1 to InputPatternRange do
if CoincMatrixA[PattermA] <> VectorPoint then
for PatternB := 1 to InputPatternRange do
if CoincMatrixB{PatternB] <> VectorPoint then
RecursiveCreation(l,SubspaceT); { initial conditions }

end; { generate }

{(++H -+ e e e e e e e )

procedure KeepOnlyActualSubspaces;
var EigenVectorsList: MatrixList;
var SubspaceFocus: VectorInputDef;

var Orthogonality: boolean:

procedure FullInEigenVectorsSet;

var NextStateT: NextStates; ‘
InputPattern: InputSeries;
IBit: InputBitSeries;
Bita,BitB: Bits;

var EigenVectorux: VectorInputbef:
Correlation: boolean;

begin
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EigenVectorsList := nil;

for IrnputPattern :=1 to InputPatternRange do
begin
NextStateT := NextStateTable[PresentState, InputPattemn):
if (NextStateT = NextStated)or
(NextStateT = NextStateB)or
{NexctStateT = 0 {dontcare}) then
begin
Correlation := true;
for IBit := 1 to InputBitRange do
begin
BitA := InputMatrixbef[InputPattern][IBit] ;
BitB := SubspaceFocus[IBit];
if BitA = BitB then
EigenVectorAux(IBit] := Bita
else
if (BitA = 2) then
EigenVectorAux[IBit] := BitB
else
if (BitB = 2) then
EigenVectorAux{IBit] := Bita
else { BitA <> BitB )
Correlation := false;
end;
if Correlation then
PushVector (EigenVectorAux, EigenVectorsList) ;
end;
end;

end; { full in eigen vectors }

procedure CheckBaseOrthogonality;

var FutureEigenVectorsList: MatrixLlist:
EigenVectorsWaitinglist: Matrixlist;

var EigenVectorA,EigenVectorB, EigenVectorAux: VectorInputDef;
SubspaceT: VectorInputDef:

var CancelationsIn,CancelationsOut,IntermCancelations :NonNegInteger;
Mismatching: InputBitMatching;
Contraction : boclean;

var BitA,BitB : Bits;
IBit: InputBitSeries;

begin

FutureEigenvectorsList := nil: EigenVectorsWaitingList:= nil;
CancelationsQut := 0;

repeat
CancelationsIn := CancelationsOut;InternCancelations := 0;

while EigenVectorsList <> nil do
begin
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PopVector (EigenVectora, EigenVectorsList) ;Contraction := false;

while (EigenVectorslist <> nil)and(not Contraction) do
begin

PopVector (EigenVectorB, EigenVectorsList) ;
Mismatching := 0;
for IBit :=1 to InputBitRange do
begin
BitA := EigenVectorA[IBit];BitB := EigenVectorB[IBit);
if (BitA <> BitB) then Mismatching := Mismatching +1;

erd;
if Mismatching =1 then { execute contraction }
begin
for IBit := 1 to InputBitRange do
begin

BitA:= EigenVectorA[IBit];BitB:=EigenVectorB[IBit};
if BitA = BitB then EigenVectorAux(IBit] := Bita
else EigenVectorAux[IBit] := 2;
ernd;
Contraction := true;Increment (InternCancelations);
PushVector (EigenVectoraux, FutureEigenvectorsList) ;
end

else
begin
EigenvVectorAux := EigenVectorB;
PushVector (EigenVectorAux, EigenvectorsWaitingList) ;
erd;

end; ( EigenVectorsList nil or contraction }

if (not Contraction) then
PusliVector (EigenVectorA, FutureEigenVectorsList) ;

while EigenvectorsWaitingList <> nil do
begin
PopVector (EigenVectorAux, EigenVectorsWaitinglist) ;
PushVector (Eigenvectoraux, EigeriVectorsList) ;
end;

end; { EigenVectorsList and WaitingList are empty }

{ full in main list again }
while FutureEigenVectorsList <> nil do
begin
PopVector (EigenVectoraux, FutureEigenvectorsList) ;
PushVector (EigenVectoraux, EigenVectorsList) ;
end;
CancelationsOut := CancelaticonsIn + InternCarcelations;

until CancelationsIn = CancelationsOut;

{ EigenVectorsList has now subspace definitions ...........c0evvnns }
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orthogonality := false;
while (EigenVectorsList <> nil)and(not Orthogonality)do
begin
PopVector (SubspaceT, EigenVectorsList) ; )
if (SubspaceT = SubspaceFocus) then Orthogonality := true;
end;

{ assure empty eigen vectors list .............. teerasesarsnsennene }

while EigenVectorsList <> nil do
PopVector (SubspaceT, EigenVectorsList) ;

end; { check orthogonality }

begin { check subspace existance }
BookedSubspacesList := nil:

while SubspacesWaitingList <> nil do
begin
PopVector (SubspaceFocus, SubspacesWaltingList) ;
FullInEigenvectorsSet;
CheckBaseOrthogonality:
if Orthogonality then
PushVector (SubspaceFocus, BookedSubspacesList) 7
end;

end; { keep only real subspaces }
{ HHHA )

procedure DetectPossibleInputStateddjacencies;

var Exclusivelist: MatrixList;
UpdatedExclusivelist,StandByList: MatrixList;
WorkingListZ,WorkingListW: Matrixlist;

var SubspaceT: VectorInputDef;
SubspaceA, SubspaceB: VectorInputDef;
PossibleAdjacencies: InputBitMatching;

var InclusionsIn,InclusionsOut,InternInclusions: NonNegInteger;
Contraction : boolean;

var BitA,BitB : Bits;

DimensionA, DimensionB,Mismatching: InputBitMatching;
Item: InputBitSeries;

begin
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WorkinglistZ := nil; WorkingListW := nil;
while BookedSubspacesList <> nil do
begin
PopVector (SubspaceT, BookedSubspacesList) ;
PushVector (SubspaceT, WorkingListW) ;
end;
vwhile WorkingListW <> nil do
begin
PopVector {SubspaceT, WorkingListW) ;
PushVector (SubspaceT, BookedSubspacesList) ;
PushVector (SubspaceT, WorkingList?Z) ;
erd;

{ from booked subspaces keep only mutually exclusive oneS.....ceee.. }

while BookedSubspacesList <> nil do
begin

Exclusivelist := nil;

PopVector (Subspacea, BookedSubspacesList) ;
PushVector (Subspacel, Exclusivelist) ;

{ look for exclusive subspaces tO SULSPACEA ...veccesssesranrans }

while (WorkingListZ <> nil) do
begin

PopVector (SubspaceB, WorkingListZ) ;
PushVector (SubspaceB, WorkingListW) ;

Mismatching := 0;
for Item :=1 to InputBitRange do
begin
BitA :=SubspaceA[Item];BitB := SubspaceB[Item];
if (BitA <> BitB)and
(not ((BitA = 2)or(BitB = 2))) then
Mismatching := Mismatching +1;
end;

if (Mismatching <> 0) then { exclusive sets }
PushVector (SubspaceB, Exclusivelist) ;

erd;{ WorkingList? is empty )

{ update exclusive list ....iiiiersneenientiasssosncessnnsanns }

StandByList := nil; UpdatedExclusivelist := nil;
Inclusionsout := 0;

repeat
InclusionsIn := InclusionsOut; InternInclusions := 0;

while Exclusivelist <> nil do
begin

PopVector (Subspaced, Exclusivelist) ; Contraction := false;

while (Exclusivelist <> nil)and(not Contraction) do
begin
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PopVector (SubspaceB, Exclusivelist) ;
Mismatching := 0; DimensionA := 0; DimensionB := 0;

for Ttem := 1 to InputBitRange do
begin
BitA:=SubspaceA[Item] ;BitB:=SubspaceB[Item];
if (BitA <> BitB)and
{not( (BitA = 2)}or(BitB = 2))) then
Mismatching := Mismatching +1;
if BitA = 2 then DimensionA := DimensionA +1;
if BitB = 2 then DimensionB := DimensionB +1;
end;

if Mismatching = 0 then { execute inclusion }
begin
if DimensionA >= DimensicnB then
PushVector (SubspaceA, UpdatedExclusivelist)
else PushVector (SubspaceB,UpdatedExclusiveList) ;
Contraction := true;Increment(InternInclusions);
end

else { store information }
PushVector (SubspaceB, StandByList) ;

end; { exclusive list is empty or contraction )}

if not Contraction then
PushVector (Subspaced, UpdatedExclusivelist) ;

while StandByList <> nil do
begin
PopVector (SubspaceT, StandByList) ;
PushVector (SubspaceT, Exclusivelist) ;
end;

end; { exclusive list is empty }

while UpdatedExclusiveList <> nil do
begin
PopVector (SubspaceT, UpdatedExclusivelist) ;
PushVector {SubspaceT, Exclusivelist) ;
end;

Inclusionsout := InclusionsIn + InternInclusions:

until InclusionsIn = InclusionsOut;

{ count possible number of adjacencies .....eceeveecrennonnes }

PossibleAdjacencies := 0;
while Exclusivelist <> nil do
begin
PopVector (SubspaceT, Exclusivelist) ;
for Item := 1 to InputBitRange do
if SubspaceT[Item] = 2 then
PossibleAdjacencies := PossibleAdjacencies +1;
end;

{ update max number of adjacencies

71
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if PossibleAdjacencies > Adjacencies then
Adjacencies := PossibleAdjacencies;

{ full in WorkingListZ again with all subspace definitions }
{ aimind future information ......... ersecsesesstuesanvesacnns }
while {WorkingListW <> nil) do
begin
PopVector (SubspaceT, WorkingListW) ;

PushVector {SubspaceT, WorkingListZ) ;
end;

erdd; { booked subspaces list is empby ..o vieiiiiiiiiiiiiinenneeen, }
{ assure empty WorkingListZ }
while WorkingListZ <> nil do
PopVector (SubspaceT, WorkingListZ) ;
end; { Detect possible adjacencies }

{+-++++- -+ )

begin { protocol input state adjacency cornditions }

for Item :=1 to StatePairPositionRange do VectorInputState[Ttem] :=0;
for Item :=1 to InputBitRange do VectorPoint{Ttem] := 2; { orly d.c. }
{ first check input binary correlation ....eevevsccacsrsosnnscnsssnnan }
writeln;

write('computing input pattern correlation ..');

for Ttem := 1 to InputPatternRange do
begin

PatternA := Item;
CompareBitByBitInput (Patterna, Patterna,Mismatching, DubbleX) ;

with VectorInputAutoCorrelation[PatternaA] do
begin Afinity := 0;DubbleCross := DubbleX end;
end;

for InputPairPosition :=1 to InputPairPositicnRange do
begin

DecodeInp (InputPairPosition, Patternd, PattermB) ;
CompareBitByBitInput (Patterna, PatternB, Mismatching, DubbleX) ;

with VectorInputCorrelation[InputPairPosition] do
begin
if Mismatching = 0 then Afinity = 0
else
if Mismatching = 1 then Afinity :=1
else Afinity := 2;
DubbleCross := DubbleX;
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erd;
end;
{ now compute adjacency conditions ....ccveriiceiiineiineactsrninannas }
writeln;

for PresentState :=1 to StateRange do
begin

writeln;

write ('computing input-state adj cord. , Step:');
write(PresentState:3,' /',StateRange:3);

for Item := 1 to StatePairPositionRange do Virginity[Item] := true;

for InmputPairPosition :=1 to InputPairPositionRange do
begin

DecodeInp (InputPairPosition, PatternA, PatternB) ;
NextStateA := NextStateTable[PresentState,Patterni):
NextStateB := NextStateTable[PresentState,PatternB];

if (NextStateA <> NextStateB)
and(NextStateA > 0)and{NextStateB > 0) then
begin
StateA:= NextStateA; StateB := NextStateB;
Order (StateA,StateB) ;
Locate(StateA, StateB, StatePairPosition) ;
if Virginity{StatePairPosition] then
begin
FullInInputStateCoincidenceMatrix;
GenerateAllVirtualSubspaces;
KeepOnlyActualSubspaces;
Adjacencies := 0;
DetectPossibleInputStateAdjacencies;
AddTo (VectorInputState[StatePairPosition],Adjacencies) ;
Virginity[StatePairPosition] := false;
erd;

end; { input-state adjacency conditions }
{HF#AHH R E AR R A S I R R R )

procedure ComputeOutputStateddjacencyConditions;
{eivenveacsanssnscasancsnsnsann eens)

var StatePairPosition: StatePairSeries;
InputPairPosition: InputPairSeries;
InputPattern, InpPatternd, InpPatternB: InputSeries:
StateA,StateB,StateP: States:;
NextStateA ,NextStateB: NextStates;
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PatternA, PatternB: OutputSeries;
var Matching,XX: NonNegInteger;

[ veneeeennencasennncrnsanne cereens }

procedure CountPossibleOutputStateAdjacencies;

procedure ConpareBitByBitOutput (Patternd,PatternB: OutputSeries;
var Matching: NonNegInteger):
var Item: 1..OutputBitRange;
BitA,BitB: Bits; { Bit =2 ...> don't care! )}

begin
Matching := 0;
for Item :=1 to CutputBitRange do
begin

BitA := cutputMatrixDef[PatternaA,Ttem];
BitB := OutputMatrixDef[PatternB,Item];
if ((BitA = BitB) or (BitA = 2) or (BitB = 2)) then
Matching := Matching +1;
end;
end; { Campare OutPut }

begin

if (NextStateA > 0) and (NextStateB > 0) then

begin
PatternA := CutputTable[Statea, InputPattern];
PatternB := OutputTable[StateB, InputPattern];
CompareBitByBitOutput (Patterna, PatternB,Matching) ;
VectorOutputState[StatePairPosition] :=

VectoroutputState[StatePairPosition] + Matching*Adjacencies;
end;

end; { count adj )}

begin { protocol )}

writeln;writeln;
write('computing output-state adj cond. , step:');
write(1:3,' /',StateRange:3):;

for Ttem :=1 to StatePairPositionRange do VectorOutputsState[Ttem] :=0:

StateP := StateRarge;
for StatePairPosition :=1 to StatePairPositionRange do
begin

Decode(StatePairPosition,StateA,StateB) ;

if StateP <> StateA then
begin
StateP := StateA:
writeln;
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write('camputing output-state adj cond. , step:');
write(StateP +1:3,' /',StateRange:3);
end;

for InputPattern := 1 to InmputPatternRange do
begin

XX := VectorTInputAutoCorrelation|InputPattern].DubbleCross;
Adjacencies := Power(XX);

NextStateA :=NextStateTable[Statea, InputPattern];
NextStateB :=NextStateTable[StateB, InputPattern]:
CountPossibleCutputStateadjacencies;

end;

for InputPairPogition :=1 to InputPairPositionRange do
if VectorInputCorrelation[InputPairPosition].Afinity = 0 then

begin
XX :=VectorInputCorrelation[InputPairPosition].DubbleCross;
Adjacencies := Power(XX):
DecodeInp (InputPairPosition, InpPatterna, InpPatterns) ;
NextStateA := NextStateTable[StateA,InpPattermA];
NextStateB := NextStateTable[StateB, InpPatternB];
CountPossibleOutputStateAdjacencies;
NextsStateA := NextStateTable[StateA, InpPatternB];
NextStateB := NextStateTable[StateB, InpPatternA):;
CountPossibleCutputStateAdjacencies:
erd;
end;
end; { output-state adjacency conditions )
{(#h#F R R R R R )
procedure ComputePresentStateNextStateAdjacencyConditions;

{ this procedure also combines adjacency conditions and gives an }
{ estimation of the total mumber of adjacencies for each state pair )

var VectorLinefAux: VectorCounter;
Vectorlocusdux: VectorStatePairPosition;

var StatePairPosition: StatePairSeries;
NextStatePairPosition: StatePairSeries;
InputPairPosition: InputPairSeries;
InputPattern, Patterna, PatternB: InputSeries;
Statea, StateB, StateZ, StateW, StateP: States;
NextStatel,NextStateB: NextStates;
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var Item,XX: NonNegInteger:
Counter: 0..StatePairPositionRange;

Admission: boolean;

[eeeeeennnnsosnnnssaannannnans veeed)
procedure CountPossiblePresStNextStAdjacencies;
var StateZ,StateW: States;

begin
if ((NextStateA > 0)and(NextStateB >= 0})or
{ (NexttStated >= 0)and(NextStateB > 0)) then
if (NextStatedA = NextStateB)or
(NextStateA = 0)or(NextStateB = 0) then
AddTo (VectorDontCare [StatePairPosition], Adjacencies)
else { NextStatehA <> NextStateB <> 0 }
begin
StateZ:= NextStated;StateW := NextStateB;
Order (StateZ,Statew) ;
Iocate(StateZ, StateW,NextStatePairPosition) ;
AddTo (VectorLineAux[NextStatePairPosition] ,Adjacencies) ;

end;

erd; { count adj }
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(veeeenansosusssanesansnsnnss feeens )
begin { protocol }

{ reset initial corditions for dont-cares }
for Ttem :=1 to StatePairPositionRange do
begin
VectorDontCare[Item] :=0;
erd;

{ combine possible adjacencies for each state pair ..... ceessrsanssans }

writeln;writeln;
write('computing pres-next-—state adj cond. , step:');
write(1:3,' /',StateRange:3);

StateP := StateRange;
for StatePairPosition := 1 to StatePairPositionRange do

begin

{ reset initial conditions )}
for Item := 1 to StatePairPositionRange do
begin VectorLineAux[Item] := 0; VectorlocusAux[Item] := Item end;

{ campute present-state--next-state adjacency conditions )
Decode (StatePairPosition,Statel,StateB) ;

if StateP <> StateA then
begin
StateP := StateA;
writeln;
write('computing pres-hext--state adj cond. , step:'):
write(StateP +1:3,' /',StateRange:3);
end;

for InputPattern :=1 to InputPatternRange do
begin

XX := VectorInputAutoCorrelation{InputPattern).DubbleCross;
Adjacencies := Power(XX):

NextStated := NextStateTable[Statea, InputPattern];
NextStateB := NextStateTable[StateB,InputPatternj;
CountPossiblePresStNextStAdjacencies;

end;

for InputPairPosition :=1 to InputPairPositionRange do
if VectorInputCorrelation[InputPairPosition].Afinity = 0 then

begin

XX :=VectorInputCorrelation[InputPairPosition].DubbleCross;
Adjacencies := Power(XX):
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DecodeInp(InputPairPosition, PatternA, PatternB) ;

NextStateA := NextStateTable[StateA,Patterna);
NextStateB := NextStateTable{StateB,PattemnB];
CountPossiblePresStNextStAdjacencies;

NextStateA := NextStateTable[Stated,PatternB];
NextStateB := NextStateTable[StateB,Patterna];
CountPossiblePresStNextStAdjacencies;

erd;
{ compute independently reached combined adjacencies .......ceeees }

VectorUnconditional [StatePairPosition] :=
PartitionRange*VectorDontCare[StatePairPosition] +
(PartitionRange -1)#*VectorLineAux[StatePairPosition] +
(PartitionRange -1)*VectorInputState[StatePairPosition] +
VectorOutputState[StatePairPosition]:

{ campute combined adjacencies conditional to block placement , ..}

{ taking into account present-state--next-state and input-state ..}
{ dependencCies cvveieeteiiaccaatansscerannccanrssssassasssssasessrss )

for Item :=1 to StatePairPositionRange do
if Vectorlineux[Ttem] > 0 then
VectorLineAux[Ttem] := VectorLineAux[Item] +
VectorInputState[Ttem)];

{ sort number of combined conditicnal adjacencies (ieevieeceiveens }
VectorLineAux[StatePairPosition] := 0; {already updated }
QuickSort (VectorLinefux, VectorlLocusAux) ;
{ store in ConditionalTable only the necessary priorities......... }
ConditionalTable[StatePairPosition] := nil;
ConditionalAdjacencies[StatePairPosition] := nil;
SumAdjacencies := 0;
for Counter := 1 to MNSC do

begin

Ttem := Vectorlocusdux[Counter];
Push (Item, ConditionalTable[StatePairPosition]);

Ttem := trunc(VectorLineAux[Counter]);
Push(Item, ConditicnalAdjacencies[StatePairPosition))

Sumddijacencies := SumAdjacencies + Item;
end;
{ estimation of the total number of adjacencies ......... }

VectorEstimationTotal [StatePairPosition] :=
VectorUncornditional [StatePairPosition] + MNP*SumAdjacencies;
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end; { ComputeConbinedAdjacencies }

{###HEHE R R R R R R R R R )

procedure SortPriorities;
{ this procedure orders the state pair priorities }

{eeesesncenannnnn Ceetenteneaneans )

var VectorAux: VectorCounter:;
VectorlocusAux: VectorStatePairPosition;

var Counter: 1..StatePairPositionRange;

begin

writeln;writeln;writeln('shaping priorities ..');
writeln;writeln('..."') ;writeln;
for Counter := 1 to StatePairPositionRange do

begin

VectorlLocusAux[Counter] := Counter;

Vectorux[Counter] := VectorEstimationTotal[Counter];
erd;
QuickSort (VectorAux, VectorLocusAux) ;

for Counter := 1 to StatePairPositionRange do
VectorPriority[Counter] := VectorLocusAux[Counter];

end; { sort priorities )
{ #RF##H R SR A A R R R A R R R R )

{ procedures related to GenerateFinalFamiliesOfPartitionsBased‘DnPriorities:}

{ -+ e )

procedure BuiltFinalFamilyOofPartitions; -

var ReferencePosition,ConditionalPair: StatePairSeries;
PriorityHeadAux: StatePairSeries;
Stated,StateB,StateZ, StateW: States;

var Ttem: NonNegInteger;
Iocationtx, Counter: 0..StatePairPositionRange;
Admission,AdjacentStates: boolean;

var VectorlLocus: array{l..MNSC] of NonNegInteger;
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procedure MakelinkForStatePair;

var ConditionalPairTemp: StatePairSeries;
var StateA,StateB: States;

var AdjX,AdjY: O..PartitionRange;
Partition: PartitionSeries;

procedure LookForOverlapping;

var Item: O..StateRarge;
State: States;
Adnmission: boolean;

begin

Admission := false;Ttem :
repeat
Ttem :=Item +1; State := Ttem;
if (State in FFPStateMembership)and
(ReachedAdjacencies[State] < PartitionRange) then
begin StateX := State; Admission := true end;
until Admission;

o;

StateY := StateZ; Order(StateX,StateY);
Locate (StateX, StateY,ConditionalPair) ;

end; {look overlapping}

procedure StoreStatePair;
{ ConditionalPair; StateX,Statey }

var State: States;
Partition: 1..PartitionRange;

procedure InsertStatePairInAllBlocksOfFFP;
{ the state pair (X,Y) is supposed to be inserted together }

var Ttem: NonNegInteger;

procedure Join(StateW,StateZ : States;
var FFP: FamilyOfProperPartitions);
{ this procedure inserts StateW in all the blocks including StateZ)

var Item : 1..PartitionRange;
begin

for JTtem :=1 to PartitionRange do with FFP[Item] do
begin
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if StateZ in BlockA then BlockA := BlockA + [StateW]
else BlockB := BlockB + [StateW};
end;
end; { Join }

begin { insertion state pair (X,Y) )
{ there are two possibilities : .. civiiiiiiiiinieninsinnrnnannanans }

if (StateX in FFPStateMembership)and
(not (StateY in FFPStateMenmbership)) then
Option :=
else {

if (not(StateX in FFpPStateMembership))and
(StateY in FFPStateMembership) then )
Option ;=2 ;

1: { insert StateY in the partitions }
begin
Join(StateY,StateX, FFP) ;
FFPStateMembership := FFPStateMembership +[StateY]:;
NumberOfStateMambers := NumberOfStateMembers +1;
end;

2: { insert StateX in the partitions }
begin
Join(StateX, StateY,FFP) ;
FFPStateMembership := FFPStateMembership +[StateX];
NumberOfStateMembers := NumberOfStateMembers +1;
end;

erd; { case )
{ update status ... iiieriiiiiiiiiiis et ittt atas e tinsanensanans )

SetOfAdjStates[StateX] := SetOfAdjStates[StateX] + [StateY];
SetOfAdjStates(StateY] := SetOfAdjStates[StateY] + [StateX];
Increment (ReachedAdjacencies[StateX)) ;
Increment (ReachedAdjacencies{StateY]) ;
end; { insertion state pair )
[ eeeemnearonuusesnescnaasaanccsnssasannansans }

procedure DivorceStatePair;
{ state pair (X,Y¥) must be apart in only one partition }

(eeeeeneenroneseennneananes ceeeenn }

procedure SelectFor(State: States;
var BestBlock: BlockRange;
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var BestPartition : PartitionSeries);
{ The partition with the block including the SetOfadjStates[State])

var Item: 1..PartitiorRange;

begin
for Item := PartitionRange downto 1 do with FFP[Item] do
begin

if (SetofadjStates[State] <= Blocka) then
begin BestPartition := Item; BestBlock := 1 end
else
begin
if SetOfAdjStates([State] <= BlockB then
begin BestPartition := Item; BestBlock := 2 end
else; | try another partition }
end;
end;

erd; { Select }

procedure Divorce(State: States;
ChoosedBlock : BlockRange;
var PartialPartition : ProperPartition);

begin
with PartialPartition do
begin
if ChoosedBlock = 1 then
begin
BlockA := BlockA - [State]; BlockB := BlockB + [State]:
end
else
begin
BlockB := BlockB - [State]; BlockA := BlockA + [State];
end;
end;

end; { Divorce }
(v teuneeceessncsonesnnssnsenncuaans }
beqgin { divorce protocol }
case Option of
1: begin { StateX is supposed to stay untouched }
SelectFor (StateX, BestBlock, BestPartition) ;
Divorce (StateY, BestBlock, FFP[BestPartition]);
erd;
2: begin { StateY is supposed to stay untouched }
SelectFor (StateY, BestBlock, BestPartition) ;
Divorce (StateX, BestBlock, FFP[BestPartition]);
end;
erd; { case }
{ StateY is divorced from StateX once)

erd; { divorce procedure }
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procedure UpdateStateAdjacencies;
{ by constructicn each new state member has other adjacencies than }
{ the ones already booked .. }

var StateZ,StateW: States:
Statea,StateB: States:;
Item,Matching: NonNegInteger;

begin

for StateZ :=1 to StateRange do
if SstateZ in FFPStateMembership then

for StateW :=1 to StateRange do
if StateW in FFPStateMembership then
if not(StateW in SetOfAdjStates[StateZz]) then

begin
Matching := 0;
StateA := StateZ; StateB := StateW;

Order (Statea, StateB) ;
for Item :=1 to PartitionRange do with FFP[Item] do
if ([StateA,StateB] <= BlockA) or
([Stateh,StateB] <= BlockB) then
Matching := Matching +1;
if Matching = (PartitionRange -1) then
begin
SetOfAdjStates[StateZ] :=
SetOfAdjStates[StateZ] + [StateW]:
Increment (ReachedAdjacencies([StateZ]);
end;
end;

end; { UpdateAdjacencies }

begin { protocol store )}
{ state pair under consideration is StateX, StateY )
InsertStatePairInAl1BlocksOfFFP;
DivorceStatePair;
UpdateStateAdjacencies;
end; { store state pair }

{ IIIII LA L I L LB N B L B B R B B OE L SR AR SR L O L B B B B B B B B B NN }

begin { protocol MakeLink )

Decode(ConditionalPair, StateX,StateY) ;
2A4jX := ReachedAdjacencies[StateX];
AdjY := ReachedAdjacencies([StateY];



84

if ((AdjX < PartitionRange)and(AdjX <> O)and(AdjY
{ (AdjY < PartitionRange)and(AdjY < 0)and(AdjX

0))or

begin StoreStatePair end
else
if ((AdjX = 0)and(AdjY = 0)) then
begin
StateA := StateX; StateB := StateY;
ConditionalPairTemp := ConditionalPair;

StateZ := StateA;
LockForOverlapping; StoreStatePair;

if ReachedAdjacencies[StateA] < PartitionRange then
begin
StateX := StateA; StateY := StateB;
ConditionalPair := ConditionalPairTemp:
StoreStatePair;
end

else
begin

StateZ := StateB;
LookForOverlapping; StoreStatePair;

erd;
end
else
if ((AdjX = PartitionRange)and{adjY = 0))or
((AdjY = PartitionRange)and{(AdjX = 0)) then
begin
StateA := StateX; StateB := StateY¥;
if AdjX = PartitionRange then State? := StateB
else State?Z := StateA;
LookForOverlapping;StoreStatePair;
end
else

if (AdjX <> O}and(AdjY <> @) then { do nothing }

else
begin
writeln(' logic error ...'):;
writeln(' adjXx :',AdjXx,' adjy: ',Adjy):;
while true do;
end;

end;{ make link }

0)) then

program




program

procedure DetectNeighbouring;
{ Are StateX and StateY adjacent ? }

var Matching,Partition: 0..PartitionRange;
begin
AdjacentStates := false;

Matching := 0;
for Partition :=1 to PartitionRange do with FFP[Partition] do
if ([{StateX,State¥] <= BlockA)or([StateX,State¥] <= BlockB} then
Matching := Matching +1;
if Matching = (PartiticnRange -1) then AdjacentStates := true:

end; { detect )

procedure FulllnVectorAuxiliarWithConditionalPairs:
{ following ReferencePosition )

{eveennseansssassannsonnon T, }
var WaitingListAdj,WaitingListPos: StackPointer;
var ItemAd]j,ItemPos: NonNegInteger;

Sequencer: NonNeglnteger;

ReferenceWeight: NonNegInteger;

MaxWeight, Weight: real;

var VectorCondAdjAux: VectorCounterMNSC;
VectorLocushuy: VectorStatePairPosMNSC;

var Counter: 1..MNSC;
ConditionalPair: 1..StatePairPositionRange;

begin { protocol )

{ sort priorities ....i.iiiineiiiiecieneinniotinrenennnssanrena P

for Counter := 1 to MNSC do
begin
VectorLocusAux[Counter] := Counter;
VectorCondAdjAux[Counter] := 0;
end;

WaitingListAd) := nil; WaitinglistPos := nil;
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program

while ConditionalTable[ReferencePosition] <> nil do
begin
Pop (ItemAdj, ConditionalAdjacencies[ReferencePosition]) ;
Pop (ItemPos, ConditionalTable[ReferencePosition]) ;
Push (Ttemadj,WaitinglistAdj); Push(ItemPos,WaitingListPos);
end;

Sequencer := 0;

repeat
Sequencer := Sequencer +1;
Counter := Sequencer;
Pop (TtemAd) , WaitingListAdj) ; Pop(ItemPos,WaitingListPos) ;
Push (ItemAdj, ConditionalAdjacencies[ReferencePosition]) ;
Push (TtemPos, ConditionalTable[ReferencePosition]) ;
CorditionalPair := ItemPos;
VectorLocusAux[Counter] := ConditionalPair;
VectorCondAdjAux{Counter] := (PartitionRange -1)*ItemAdj +

VectorUnconditional [ConditionalPair]
until WaitingListPos = nil;

ShortQuicksort (VectorCondadjAux, VectorLocusiux) ;

{ choose reference weight .....iiieeeenrtestinnnnsccsnsoscssssannans }
MaxWeight := VectorCondAdjAux[1];{ cond pair with greatest cond adj }

Weight := Cost*MaxWeight; ReferenceWeight := trunc(Weight);

{full j-rlvmtormlx LU LRI B R R B B R B B B I I B R R B N I IR I I N N LR L }
for Counter:= 1 to MNSC do Vectorlocus[Counter] :=0;

for Counter := 1 to MNSC do
begin
TtemAdj := trunc(VectorCondAdjAux[Counter]) ;
if ItemAdj > ReferenceWeight then
Vectorlocus[Counter] := VectorlLocusAux[Counter)
end;

end; { full in vector aux }

procedure PlaceConditionalPairsFromVectorauxiliar;

var Counter: 0..MNSC;
EndCycle: boolean;

begin

Counter := 0; EndCycle := false;
repeat
Counter := Counter +1;
if Vectoriocus[Counter] = 0 then EndCycle := true
else
begin
ConditionalPair := VectorLocus[Counter];



program

MakeLinkForStatePair;

end;

until EndCycle or (Counter = MNSC) or
{MberOfStateMenbers = StateRange) ;

end; { place cord pairs }
{ieeeennsasanenscossancsannnna teeens }

begin { protocol }
( PriorityHead := VectorPriorityf{Location] }

{ initial conditions}

FFPStateMembership := []; NumberOfStateMembers :=0;
for Item :=1 to PartitionRange do with FFP[Item] do

begin BlockA := []; BlockB := [] erd;
for Item := 1 to StateRange do

begin

SetofAdjStates[Item] := [Item];

ReachedAdjacencies[Item] := 0;
end;

{ place PriorityHead )}
Decode (PriorityHead,StateX,StateY) ;

with FFP[1] do
begin BlockA := [StateX]; BlockB := [StateY] end;
for Item :=2 to PartitionRange do with FFP[Item] do
begin BlockA :=[StateX]; BlockA := BlockA +{State¥] end:;

FFPStateMembership := FFPStateMembership + [StateX);
FFPstateMembership := FFPStateMembership + [State¥];
NumberofstateMenbers :=2;

SetOfAdjStates[StateX] := SetOfAdjStates[StateX]+[StateY];
SetOfadjStates[StateY] := SetOfAdjStates[StateY]+[StateX]:
ReachedAdjacencies[StateX] :=1; ReachedAdjacencies[State¥] :=1;

{ place ConditionalPairs related to PriorityHead }

ReferencePosition := PriorityHead;
FullInvectorAuxiliarWithCconditionalPairs;
PlaceConditionalPairsFromVectorAuxiliar;

{ StoreOtherPairsFollowingPriorities }

if NumberOfStateMenbers <> StateRange then
begin

Iocationdux := 0;

repeat
IocationAux := LocationAux +1;
PriorityHeadAux := VectorPriority[Locationaux]:
if PriorityHeadaux <> PriorityHead then

begin
ConditicnalPair := PricrityHeadAux;
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MakeLinkForStatePair;
if NumberOfStateMenbers <> StateRange then
begin
Decode (PriorityHeadAux, StateX, StateY) ;
DetectNeighbouring;
if AdjacentStates then
begin
ReferencePosition := PriorityHeadmunc;
FullInVectorAuxiliarWithConditionalPairs:
PlaceConditionalPairsFromVectorAuxiliar;
erd;
erd;
erd;
until NumberOfStateMembers = StateRange;
end;

end; { Built FFP }
{ R )

procedure ShapeFinalFamilyOfPartitions;

var BlockT: Block:
State: States; NextState: NextStates;
InputPattem: InputSeries;
Partition: 1..PartitionRange;

var SumEntriesd,SunEntriesB: NonNegInteger;
StateZ: States;

var Entry: array[States] of NonNegInteger;

begin { protocol }

{ campute state entries in next-state table ........ hetesaaeen

{ initial conditions }
for State := 1 to StateRange do Entry(State] := 0;

{ identification loop )

for State := 1 to StateRange do ,
for InputPattern := 1 to InputPatternRange do
begin
NextState := NextStateTable[State, InputPattern];
if NextState > 0 then

end;

{ shape partition blocKS ...ceveseerssseacseoscnsosssnsscnnann

program

...... }

begin StateZ := NextState; Increment(Entry[StateZ]) end;

for Partition := 1 to PartitionRange do with FFP[Partition] do



program
begin

SurEntriesA := 0;

for State := 1 to StateRange do if State in BlockA then
SumEntriesA := SumEntriesA + Entry[State];

SumEntriesB := 0;

for State := 1 to StateRange do if State in BlockB then
SunEntriesB := SumEntriesB + Entry[State)];

if SumEntriesB > SumEntriesA then
begin
BlockT := BlockA; BlockA := BlockB; BlockB := BlockT;

procedure RecordFinalFamilyofPartitions;

var State, PresentState: States;
NextState: NextStates;
Partition: 1..PartitionRange;
IBit: 1..InputBitRange;
OBit: 1..OutputBitRange;
ITtem: NomNegInteger:;

var DefinitionMatrix: array[States,PartitionSeries] of boolean;
var Key: char;
begin
{ assign code to states ...eiiiiinitcniinticnneerniensnnsncasarconns }
for State := 1 to StateRange do
begin

for Partition :=1 to PartitionRange do with FFP[Partition] do
if State in BlockA then

DefinitionMatrix[State, Partition] := false
else
DefinitionMatrix[State,Partition] := true:
end;
{ record results in file ...iicreinvacnrinnecnenns feretrsessserenans }

open(Register, RecordFile, 'UNKNOWN', statrec.all) ;
if statrec.all = status $ok then rewrite(Register)
else ERROR $PRINT(statrec):

writeln(Register);

reset (PrimitiveData) ;

while not eof (PrimitiveData) do

begin
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for Ibit :=1 to InputBitRange do
begin
read (PrimitiveData,Bit) ;
case Bit of
0: write(Register,'0 '):
1: write(Register,'l ');
2: write(Register,'X ");
end;
end;

read (PrimitiveData, PresentState) ;

for Partition :=1 to PartitionRange do

begin

case DefinitionMatrix[PresentState,Partition] of
false: write(Register,'0 ');
: write(Register,'l ');

end;
erd;

write(Register,'| '):

read (PrimitiveData,NextState) ;
if NextState > 0 then

for Partition :=1 to PartitionRange do

begin

case DefinitionMatrix[NextState,Partition] of
false: write(Register,'. 7):
true : write(Register,'A ');

end;
end
else

for Partition := 1 to PartitionRange do

write(Register, '~ *);

for OBit :=1 to CutputBitRange do

begin
read(PrimitiveData,Bit) ;
case Bit of
0: write(Register,'. *);
1: write(Register,'A ');
2: write(Register, '- '};

(Y )

end
end;

-

writeln(Register); readin{PrimitiveData):;
erd; { eof data }

close(Register) ;

{ pass message }

writeln;
writeln('After MOM the process should continue .. ');

erd; { Record }
{ HHHHHHHHHH )

progranm
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procedure MinimizeMachineStructure;

procedure MBX Client Priori( Step : integer);

label done;
const mbxX name = 'POBOX"';
mbx_namelen = sizeof (wbx name) ;
buf len = mbx_Smsg_max;

msg_buf len = mbx $msg_max;

type msg t = array{l..mbx $msqg max] of char;
msg ptr t = "msg_t;

var mbx handle : univ_ptr;

status : status St;
data buf : msg t;
msg | buf : msg by

msg retptr : msg_ptr_t;
msg retlen : integer32;

var lLetter3,letterd,letters : char;
Digit3, D1g1t4 DJ.gJ.tS integer;

procedure CheckStatus;
in
if( status.all <> status $ok)and
( status.all <> mbx Spartlal record) then

begin error $print(status) ; 7pgm Sexit emd;
end;

begin

mbx_S$open{ mbx name,
mbx namelen,
nil,
0,
mbx_handle,
status) ;

CheckStatus;

{ serd message and step |}

Digit3 := (Step)div(100);
Digit4 := ( Step - Digit3*100)div(10) ;
Digit5 := Step -~ Digit3#100 - Digit4*10;

Letter3 := chr(Digit3 + 48);
letters4 := chr(Digitd + 48); { ascii ! )
letters := chr(Digit5 + 48);

data_buf[1l] := ; { MINAS sign )
data buf{2] := '!'; { exec. finished }
data buf[3] := I.etter3.

data buf[4] := Letter4;

data_buf[5] := Letter5;
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mbx S$put_rec( mbx handle,
addr(data buf),
buf len,
status) ;

mbx $get rec( mbx_hardle,
addr (msg_buf),
msg buf len,
msg retptr,
msg retlen,
status);

CheckStatus;
done:

mbx_S$close( mbx handle, status):
CheckStatus;

end; ( priori communication }

procedure MBX Client Posteriori( Step : integer);

label done;
const mbxX_name = '"POBOX';
mbx_namelen = sizeof (mbx name) ;
buf len = mbx Smsg_max;

msg buf len = mbx $msg_max;

type msg t = array[l..mbx $msg max] of char;
msg ptr t = “msg_t;

var mbx handle : univ ptr;
status : status $t:
data buf : msg t;
msg buf : msqg t;

msg_retptr : msg ptr t;
msg retlen : integer32;

var msg_array: array[l..5] of char;
i: integer;
Ietter3, letterd, Ietters5 : char;
Digit3,Digit4,Digit5: integer:

procedure CheckStatus;
begin
if( status.all <> status $ok)and
( status.all <> mbx $partial record) then
begin error $print(status);pgm Sexit end;
end;

begin { protocol }

mbx Sopen( mbx name,
mbx namelen,
nil,
0,
mbx handle,

program



program

status) ;

CheckStatus;

{ wait loop until good answer )}

Digit3 :
Digit4 :
bigit5 :
Letter3

Ietterd
Ietters

repeat

data buf[1]
data buf[2]
data buf[3]
data buf[4]
data buf[5]

-
-
-

-
-

(Step)div(100);

(
S

Step - Digit3*100)div(10) ;
tep - Digit3*100 - Digit4*10;

chr(Digit3 + 48

)i
chr(Digit4 + 48);
}:

chr(Digit5 + 48

i
B

mbx_$put_rec( mbx handle,

addr (data buf),
buf len,
status) ;

mbx_S$get rec( mbx handle,

addr (msg_buf) ,
msg_buf len,
msy_retptr,
msg_retlen,
status);

Checkstatus;

for i :=1 to 5 do
msg array[i] := msg retptr~[i];

until msg array[l] = 'G';

done:

mbx $close( mbx handle, status):
Checkstatus;

end; { posteriori commmnication )

begin { protocol }

{ go to the mailkox }

cal Sget local time(clock):

dep sec

»
»

{ get departure time )
cal $clock to sec(clock);

MBX Client Priori(Step);

a3
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{ wait until MOM is finished )}
MBX Client Posteriori(Step);
cal_$get local time(clock); { get arrival time )
arr sec := cal $clock to sec(clock);

MOM sec MM sec + ( arr_sec - dep sec);

end; { minimization )
B AR e L i B B A kmmmna)

procedure AnalyzeMinimizedStructure;

var ProductTerms: NonNegInteger;
DontCares: NonNegInteger:;
Actives: NonNeglInteger;
logicGates: NonNegInteger;

begin
{ get data from MOM }
open (Mini,MomFile, 'OID', statrec.all) ;
if statrec.all = 0 then reset(Mini)
else writeln('Difficulty openirng ',MomFile);
repeat readln(Mini):;get(Mini) until Mini~ = 'M';
repeat get(Mini) until ( Mini~ in ['1'..'9'] ); read(Mini,ProductTerms);
repeat get(Mini) until ( Mini* in ['1'..'9'] ); read(Mini,DontCares);
repeat get(Mini) until ( Mini* in ['1'..'9'] ):read(Mini,Actives);

close(Mini) ;
{ test if minimal solutuion }

IogicGates := (InputBitRange + PartitionRange)*ProductTerms
- DontCares + Actives;

writeln;writeln('State Assigmment: ',Iocation:Field(Location),' :');
write('ProductTerms : ',ProductTerms:Field(ProductTerms));

writeln(' IogicGates : !',logicGates:Field(LogicGates)):;
writeln;write('...");

writeln;writeln;writeln;

if ProductTerms < MinProductTerms then
begin
MinProductTerms := ProductTerms;
MinStep := Step;
FFPKey := FFP;
end;

erd; { analyze }



program

e B BLELELN i o o L R R

procedure GenerateFinalFamiliesOfPartitionsBasedOnPriorities;
begin

MinProductTerms := maxint;

Step := 0;

repeat
Step := Step + 1; Location := Step;
PriorityHead := VectorPriority[location]:;
BuiltFinalFamilyofPartitions;
ShapeFinalFamilyofPartitions;
RecordFinalFamilyofPartitions;
MinimizeMachineStructure;
AnalyzeMinimizedStructure;

until (Location - MinIocation = 5)or
(Step = StatePairPositionRange):

end; { generate }
{#HR4 HH#RF8H AR A R R R R R R )

procedure RecordBestFinalFamilyofPartitions;

var State,PresentState: States;
NextState: NextStates;
Partition: 1..PartitionRange;
IBit: 1..InputBitRange;
OBit: 1..0utputBitRange;
Ttem: NonNeglnteger:;

var DefinitionMatrix: array(States,PartitionSeries] of boolean;
var Key: c¢har:
begin

writeln;writeln;

writeln('Best State Assigrment : '); writeln;

FFP := FFPKey; Location := MinStep ; Step := MinStep ;
PriorityHead := VectorPriority[Iocation];

writeln{'Final Family of Partitions for step',Step:3):;
writeln('estimated adjacencies :
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' VectorEstimationTotal [PriorityHead]:1:0);
writeln;

for Partition :=1 to PartitionRange do with FFP[Partition] do
begin
write(! (L")
for State :=1 to StateRange do if State in BlockA then
write(State:Field(State),' *);
write('] ; [ ')
for State :=1 to StateRange do if State in BlockB then
write(State:Field(State),"' ')
write('] }'):writeln;
end;

for State := 1 to StateRange do
begin
for Partition :=1 to PartitionRange do with FFP[Partition] do
if State in BlockA then

DefinitionMatrix[State,Partition] := false
else
DefinitionMatrix[State,Partition] := true;
end;
{ record results In £1le ..uiiicieinsnercriesnsnnenceessssnnsnacsanes }

open (Register,RecordFile, 'UNKNOWN' , statrec.all);
if statrec.all = status $ok then rewrite(Register)
else ERROR $PRINT (statrec);

writeln(Register) ;writeln(Register) ;
writeln(Register, '"State Assigrment : ',Location:Field(Location));

for State =1 to StateRange do
begin
write(Register, '"State!,State:Field(State),' : ');
for Partition :=1 to PartitionRange do
begin
case DefinitionMatrix[State,Partition] of
false: write(Register,'0 ');
true : write(Register, 'l ');
erd;
erd;
writeln(Register);
end;

writeln(Register, ' '};

write(Register, 'SIN I');

for IBit := 1 to InputBitRange -1 do
write (Register,IBit:Field(IBit),"',1"):

write (Register, InputBitRange:Field (InputBitRange))

for Item := PartitionRange -1 downto 0 do
write (Register,',PS',Item:Field(Ttem)) ;

writeln(Register) ;

write(Register, "$OUT NS');

for Item := PartitionRange -1 downto 1 do
write(Register, Ttem:Field(Item),',NS');

write(Register,'0');-

for OBit :=1 to OutputBitRange do
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write(Register, ',0',0Bit:Field(OBit));
writeln(Register) ;writeln(Register, '™ ');

reset (PrimitiveData) ;
while not eof {PrimitiveData) do
begin

for Ihit :=1 to InputBitRange do
begin
read(PrimitiveData,Bit) ;
case Bit of
0: write(Register,'0 ')
1: write(Register, 'l ')
2: write(Register,'X ')
erd;
erdd;

LY TR T

read (PrimitiveData, PresentState) ;
for Partition :=1 to PartitionRange do
begin
case DefinitionMatrix(PresentState, Partition] of
false: write(Register,'0 );
true : write(Register,'l ');
end;
erd;

write(Register,'| ');

read(PrimitiveData,NextState) ;
if NextState > 0 then
for Partition :=1 to PartitionRange do
begin
case DefinitionMatrix({NextState,Partition] of
false: write(Register,'. ');
true : write(Register,'A ');
ernd;
end
else
for Partition := 1 to PartitionRange do
write(Register,'- ");

for OBit :=1 to OutputBitRange do
begin
read (PrimitiveData,Bit) ;
case Bit of
0: write(Register,'. ");
1: write(Register,'aA ');
2: write(Register, '~ '};

ne #e #3

end
end;

writeln(Register); readln(PrimitiveData) ;
erd; { eof data }

close(Register) :

{ echo state assigrment }



program

writeln;writeln('State Assigment: ',Step:Field(Step)):
write('MinProductTerms : ', MinProductTerms:Field (MinProductTerms)) ;
writeln(' IogicGates : ',MinlogicGates:Field(MinLogicGates)):

writeln;
for State := 1 to StateRange do
begin
write('State',State:Field(State),' : ');
for Partition :=1 to PartitionRange do with FFP[Partition] do
if State in BlockA then write('0 ') else write('1l ');
writeln;
end;

writeln;

end; { record best FFP }

{(#E#H4#4 R S SR A R S S R R R SR D)
procedure RecordlLoopTime;

var abs_sec, abs min : integer;
hour,min,sec : integer;

begin

cal Sget local time(clock):
loop sec := cal $clock to sec(clock);

writeln('Execution time :');

write(' - glchal Yy

abs sec := loop sec - ref sec;

abs min := (abs_sec)div(60);

sec := (abs sec)mod(60);

min := (abs min)mod(60) ;

hour:= (abs min)div(e0);

writeln(hour:3,' h :',min:3,' m :',sec:3,' s.');

write(' - without MOM :');

abs sec := loop sec - ref sec — MM sec;

abs min := (abs sec)div(60);

sec := {abs sec)mod(60) ;

min := (abs min)mod(60);

hour:= (abs min)div(60);

writeln(hour:3,* h :',min:3,' m :',sec:3,"' s.'");

end; {record loop time }



program

(FHH R T A R R R R R R )
{ MATN PROGRAM }
UHEHHEH R R R R R )

begin
GetReferenceTime;
GetPrimitiveData;
ComputeInputStateadiacencyConditions;
ComputeOutputsStateadjacencyConditions;
ComputePresentStateNextStateAdjacencyConditions;
SortPriorities;
GenerateFinalFamiliesOfPartitionsBasedOnPriorities;
RecordBestFinalFamilyOfPartitions;
RecordloopTime;

end

(T R R A R )
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VI. RESULTS

MINAS has been tested on a set of industrial finite state
machines (Table VI.1l). The state tables for these machines are
available at Annexe 2.

The same set has been used to test the program KISS at the
University of California, Berkeley, as reported in [2].

KISS is an approach for state assignment of finite state
machines, based on symbolic minimisation of the FSM combinational
component and on a related constrained encoding problem.

The results obtained by MINAS compare favourably to KISS,
with regard to the PLA area, as shown in Table VI.Z.

Table VI.1

** Parameters of some Finite State Machines #**

FSM ni ns no pti pts nbm

o1 4 5 1 20 13 3

02 8 7 5 56 24 3

03 8 4 5 32 16 2

04 4 27 3 108 55 5

05 4 8 3 32 18 3

06 2 7 2 14 10 3

07 2 15 3 30 23 4
ni : number of input bits
ns : number of states
no : number of output bits
pti : initial cardinality of the symbolic cover
pts : minimal symbolic cover cardinality
nbm : encoding minimum length
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Table

VI.Z2

*% Comparison of State Encodings between KISS and MINAS **

FsM Encoding Minimal Gain in Execution
Length Boolean Cover Silicon Time
Cardinality Area (seconds)
KISS MINAS KISS MINAS mtx b KISs MINAS
01 3 3 10 9 10% 0% 4 16
02 5 3 22 25 6% 40% 31 37
03 4 2 14 16 7% 50% 10 12
04 9 5 48 61 14% 44% 748 88
05 4 3 17 17 14% 25% 11 16
06 3 3 8 8 0% 0% 4 22
07 5 4 17 18 8% 20% 26 16
mtx : matrix = 100*(aa.KISS - aa.MINAS)/(aa.KISS)
fb  : feedback = 100*% (nb.KISS - nb.MINAS)/(nb.KISS)
aa ! array area = ( 2*nb + ni + no )}+*pt
nb : encoding length
ni : number of input bits
no : number of output bits
rt : minimal Boolean cover cardinality

Execution time :

for MINAS:
for KISS :

on an APOLLO computer

on a VAX-UNIX computer

Logic Minimiser :

for MINAS
for KISS

YT

MOM
ESPRES

S50-1%
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VII. CONCLUSIONS

Comparing results of different programs, it is clear that the Method of
Maximal Adjacencies deserves attention.

Preliminary experiments have shown that we are aware with an useful
approach.

Further improvement on the program which implements our strategy can be

achieved. For instance, it is possibleto change the implementation of MINAS to
make it run much faster.

The important point is that the algorithm is conceptually conceived to
explore big finite state machines.

There are still other possibilities that emerge from the program. For
instance :

< 1i> encoding the states with a not miminal mmber of bits;
< ii> exploring the trade-off between the parameters "MNSC",
ﬂ‘thPll arﬂ "CC)St“;
<iii> explorirg other strategies to shape a final family
of partitions.

Inportant aspects proposed in [1] have not been covered by this research
work, particulary :

< iv> applications to wminimal machines;
< V> corditions for common terms;
< vi> dynamic ordering of adjacency conditions.

Those possibilities will be investigated and reported in a near future.
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Annhexel:

consider the following sequential machine

(a) Next state - output table

input

10
10
10
10
10
10
10

01
01
01
01
01
01
01

input and output files format definitions

pPresent
state

statel
state2
state3
state4d
stateb
stateé
state7

statel
state?
state3
state4d
stateb
stateb
state7

next
state

stateé
stateb
stateb
stateé6
statel
statel
states

stated
state3
state?
stateé
state2
state2
stateé

output

00
00
00
00
10
01
00

00
00
00
10
10
01
10

»
*

FSMOs6

1907
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FSMO6.DAT

(b) Input file format definition for MINAS
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Annexe 1

FSMO06.DEF

(c) Input file format definition for MoM

&
POO A~ OC O
£l 1~00O0

m

ig
0
1
1
0
0
1
0

"State Assi
n"gtatel
"State2
n"gtate3
"Stated
n"stateb
n"stateb
"State?

$IN I1,I2,PS2,PS1,PS0O

$0OUT NS2,NS1,NSQ0,01,02

N - R R S U A N T T T T T N RO A N A |
I T - - N A T T T N A I Y I A
L R RN A - R I T A T T T S T T T T T I
I R N - SRR I SN 2 [ (A T T O N T O T Y T T
I R N TN - T2 T J J T RO O O AN R O B B

OO0 A0 00010000 A=OCOCHOOA~AOOH
A A0 OO A AdA Q0O AAAHOOCO A HA0COO
O d 0000 AmMOO0d 001 ~HOO0HOOAHOCOAHO
COQCOCCO0AdAmMAdAddCCOO0OO0O0OD~cted et e
AAA A A A0 00000000000 OO M -ddAre~~
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(d) Output file from MOM : FSMO6.MIN

"State Assignment :

"Statel : 01 O
gtate2 : 11 0
"State3 : 1 1 1
"State4 ¢ 0 1 1
"state ¢ 0 0 O
"Stateé : 1 0 O
"state7 : 0 0 1

$IN I1,I2,PS2,PS1,PSO
$0OUT NS2,NS1,NS0,01,02

Min-cover, found 8 essential productterms
" The function contains 16 don't cares and

n PPP N NN
"T I sSsS8S S§ 5800
"1 2210 21012
"
¥ 11 x O a .+ .« .
X1 x 00 >
Xx 1 0 x 1 a . . a .
l x01%Xx - S
x x 0 00 . a . a .
0 x11x -
X 1 x1020 . aa .. .
X x 100 - a . . a

"FILE: FSM0O6.def,

Annexe 1

12 actives

"minimized by MOM version 4.32, Multiple Output Mode



111

Annexe2 : set of industrial sequential machines
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" FSM 01

input

1000
0100
0010
0001

1000
0100
0010
0001

1000
0100
0010
0001

1000
0100
0010
0001

1000
0100
0010
0001

[

present
state

statel
statel
statel
statel

state2
state?2
state2
state?2

state3
state3
statel
state3l

state4
stated
stated
stated

states
stateb
stateb
states

next
state

statel
statel
state2
state2

state2
state3
state2
statel

state3
states
state3
states

state4d
state2
state3
state3

stateb
stateb
statel
stated

Annexe 2

output

PR

PHRPR BRRRPRE PP RR

e e
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"FSM 02

input

10000000
10000000
10000000
10000000
10000000
100006000
10000000

01000000
0100000C0
01000000
01000000
01000000
01000000
01000000

00100000
00160000
00100000
00100000
00100000
00100000
00100000

00010000
00010000
00010000
00010000
00010000
00010000
00010000

00001000
00001000
00001000
00001000
00001000
00001000
00001000

00000100
00000100
00000100
00000100
00000100
00000100
00000100

pPresent
state

statel
state2
state3
state4
stateb
stateé
state7

state2
stateb
stateé
statel
state3
states
state?

statebs
state6
state?
statel
state2
state3
state4

stateb
stateé
state?
statel
state3
state2
stated

state2
stateb
statel
state3
state4
state6
state?

state2
states
statel
state3
state4
stateé
state?

next
state

state3
statel
state3
state3
statel
statel
state3

state2
state2
state2
stated
stateq
stated
stated

statel
statel
statel
state3
state3
state3
state3

statel
statel
statel
stated
stated
stateb
stateb

state2
state2
state3
state3l
state3
state3
state3

statel
statel
stateb
stateb
stateb
stateb
stateb

output

00010
01001
10010
00010
01001
01001
10010

01001
01001
01001
00010
10010
00010
10010

10001
10001
10001
01010
00100
01010
00100

10101
10101
10101
01010
01010
00100
00100

00101
00101
01000
01000
10100
10100
10100

00101
00101
00010
10010
00010
10100
10010

113
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00000010 state2 statel 00001
00000010 stateb state2 10001
00000010 stateé state2 10001
00000010 state? state2 10001
00000010 statel stateb5 01010
00000010 state3 stateb5 01010
00000010 state4d state5 10100

00000001 state? state2 00001
00000001 stateb state2 10101
00000001 states state2 10101
00000001 state? state2 10101
00000001 statel state6 01000
00000001 state3 state6e (01000
00000001 stated state7 10000
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"FSM 03

input

10000000
10000000
10000000
10000000

01000000
01000000
01000000
01000000

00100000
00100000
00100000
00100000

00010000
00010000
00010000
00010000

00001000
00001000
00001000
00001000

00000100
00000100
00000100
00000100

00000010
00000010
00000010
00000010

00000001
00000001
00000001
00000001

present
state

statel
state2
state3
states

statel
state2
state3
state4

statel
state?2
state3l
state4q

statel
stateq
statel
state?

state3
state4
statel
state2

statel
state3
state4
state?2

statel
state2
state3
atated

statel
state?2
state4d
state3l

next
state

statel
state2
statel
state2

state2
state?2
state2
state2

state3
state3
statel
state3

statel
statel
state2
state2

statel
statel
state3
state3

statel
statel
statel
state3

state2
state2
state2
state2

state3
statel
state3
stated

output

00101
10010
00101
10010

00010
10100
00010
10100

00010
10010
00010
10010

00100
00100
10001
10001

001060
00100
10101
10101

61001
10100
01001
01001

01010
01010
01000
01010

01010
010190
10000
01010

115
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"FSM0O4
input present
state
1000 statel
1000 statez
1000 state3
1000 state4
1000 states
1000 stateé6
1000 state?
1000 states8
1000 state9
1000 statelo
1000 statell
1000 statel?2
1000 statel3
1000 statel4d
1000 statels
1000 statelé
1000 statel?
1000 statels
1000 statel9
1000 state20
1000 state2l
1000 statez2
1000 state23
1000 statez4
1000 state25
1000 state2s6
1000 state27
0100 statel
0100 state2
0100 state3
0100 state4
0100 stateb
0100 stateé
0100 state?
0100 states
0100 state9
0100 statelo
0100 statell
0100 statelz
0100 statel3
0100 stateld
0100 statelb
010Q statels
0100 statel?
0100 statels
0100 statelo
0100 state20
0100 state2l
0100 state?22
0100 state23
0100 statez4d
0100 state25s
0100 state2é
0100 state27

next
state

state3
statel
state4
state4d
statel
state3
state9
statels
statel
stateld
statel
state220
state3
statel
stated
state20
statels
state4
statels8
statel9
state?2
state3
state2
statel4
statelb
state20
statels

statelO
state2
stateb
state5S
state2
state2l
statels8
statez2é
stateb
statel3
state23
statel9
statel0
state2
stateb
statel9
state23
stateb
state23
state20
statel
state3
statel
statel3
state3
statel9
state3

output

001
0ol
001
010
010
010
010
010
000
000
000
000
101
101
101
000
010
100
100
100
100
000
100
000
010
coo
010

001
001
001
010
010
010
010
000
000
000
000
000
101
101
101
000
000
010
010
010
010
010
0l1¢0
000
010
000
010

Annexe 2
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0010
0010
0010
0010
0010
0010
0010
0010
0010
0010
c0lo
0010
0010
0010
0010
0010
0010
0010
0010
0010
0010
0010
0010
0010
o010
6010
0010

0001
0001
0001
0001
0001
0001
0001
0001
0001
0001
0001
0001
0001
0001
0001
0001
0001
0001
0001
0001
0001
0001
0001
0001
0001
0001
0001

statel
state2
state3
stated
states
stateé
state?
states
state9
statel0
statell
statel2
statel3
statelq
statel5
statels
statel?
statels
statel9
state20
state21
state22
state23
state24
statez2s
state2é6
state27

statel
state2
state3
stated
stateb
statet
state?
states
state9
statelo
statell
statel2
statell
statel4d
statelS
stateleé
statel?7
statels8
statelo
state20
state21
state22
state23
state24
state2s
state26
state27

statell
states8
stateé6
stateé
statelé
statel(
statel?
statel3
state6
statel
state24
statels
statell
stateg
stateé
statel3
statels
stateé
state24
state9
statel3
statels
statel3
statel3
statels
statels
statel3

statel2
state9

state?

state?

statel?7
state22
state20
stateld
state?

state2

statez25b
statels
statel2
state9

state’7

stateld
state2?
state?7

state225
state2é6
stateld
statels
stateld
statel4
statels
state2l
statels

001
001
ool
010
010
010
010
010
000
000
000
000
101
101
101
010
000
100
100
100
100
100
010
100
000
000
100

001
001
001
0l0
0l0
010
olo0
010
000
000
000
000
101
101
101
010
000
100
100
100
100
Qo0
010
100
000
000
100

117
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" FSM 05

input

1000
1000
1000
1000
1000
1000
1000
1000

0100
0100
0100
0100
0100
0100
6100
0100

0010
0010
0010
0010
0010
0010
0010
0010

0001
0001
0001
0001
0ol
0001
0001
0001

present
state

statel
state2
state3
stated
states
states
state7
states

state3
state?
statel
state2
stateb
state4
states
stateé6

statel
state3
state?2
states
stateé6
states
state4
state?7

state3
state7
stateb
statesé
states8
statel
stated
state2

next
state

statel
state3
statel
state4d
state3l
state7
state4
stated

statel
statel
state4
stated
state4
stateb
states
state8

state2
state2
state3
state3l
state3l
state3
stateq
stateb

state2
state2
state3
state3
state3
stateS
stateb
states

Annexe 2

ocutput

001
000
001
100
000
000
010
100

101
101
010
000
100
101
100
000

001
00l
010
010
010
010
010
010

101
101
100
100
100
010
101
000
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" FSMO6

input
10
0l

10
01

10
01

10
01

10
0l

10
0l

10
01

present
state

statel
statel

state2
state2

state3
state3

stated
state4d

stateb
state$S

state6
stateé

state7
state?7

next
state

stateé6
stated

stateb
state3l

stateb
state7

stateb
stateéb

statel
state2

statel
state2

stateb
stateé6

output
00
(0]4]

00
00

00
00

00
10

10
10

01
01

00
10

119
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" FSM

input

10
10
10
io0
10
10
10
10
10
10
10
10
10
10
10

01
01
01
01
01
01
01
01
01
01
01
01
01
01
01

07 :

present
state

statel
state2
state3l
states
states
states
state?
state8
state9
statelo
statell
statel?2
statell
statelsd
statelb

statel
state2
state3
states
stateb
states
state7
states
stateo
statel(
statell
statel?2
statel3
stateld
statels

next
state

states
stated
stateb
state8
states8
statel3
stated
statel
stated
statel
state3
state4d
stateb
state3l
stated

stated
state3
state6
statell
statel?2
statel4d
statels
state2
state3
state2
stateq
state3
stateé
state?
state6

output

000
000
000
000
000
000
000
001
000
010
010
100
100
100
000

000
coo
000
000
000
000
000
001
0ol
010
010
001
100
100
000

Annexe 2
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