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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 problem. 

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 methods have been also 

reported. 

Index terms- Automata theory, logic minimisation, logic system 

design, sequential machines. 
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I. INTRODUCTION 

The Method of Maximal Adjacencies [1] is a new approach to 

attack some aspects related to an old problem : the minimal 

realization of sequential 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 terminology is 

introduced in a very informal way. We encourage you to consult [1] 

to be acquainted with formal definitions. 

The purpose of the guide 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 maj or aspects of the Method of Maximal Adj acencies. It 

is described in the programming language Pascal. This program has 

been conceived to run on a "Apolloi computerjDomaint system" 

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 

Adjacencies 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 method. Results obtained by MINAS are 

compared with those ones obtained by KISS. 

Finally this research report is finished with some 

conclusions and propositions for future works. 
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• 
'APOLLO and DOMAIN are registered trademarks of Apollo Computer 
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II. GLOSSARY 

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

* Partition Let 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 S 

* Bl=k an element of a partition. Two blocks of the same 
partition are always disjoint subsets. 

* Final Family of Partitions ( FFP) : every set of two bl=k 
partitions related to a 

finite state machine M, satisfying the following 
conditions: 

< i> the rnnnber of partitions within the FFP is 
equal to k, where 2**(k-l) < lSI <= 2**k 
and lSI 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 bl=ks in at least one 
partition. 

<iii> the number of elements in each bl=k is less 
than or equal to 2**(k-l). 

* Adjacent States : two states within a FFP which are in 
separated bl=ks only once 

Exanple : 

Consider a finite state machine with 5 states. 
'!hen, 

ffpl = ( ([ 1 2 4 ]; 3 5 ] ) 
{[2345];[l]} 
{ [ 1 4 5] [2 3 1 } 

, 
) 

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

state assignment resulting from ffpl 

state 1 · . o 1 0 
state 2 · . o 0 1 
state 3 · . 1 0 1 
state 4 · . 000 
state 5 · . 10 0 

3 
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* state Pair: two non negative integers representin:J two 
different ( inCCJll1?atible ) states of a finite 
state nachine. 'Ihe first state in the pair is 
supposed to be snaller than the second one. 

* State Pair Position: for a given finite state nachine, there 
is a series of ordered pairs of states 

where each pair can be uniquely identified by its 
position in the series. 

* Pattern 

* MNSC 

* MNP 

* Cost 

Exanple : 

Consider a finite state nachine with 4 states. 
'Ihen, 

< 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. 

a symbol representing binary sequences. 
For instance, the input pattern ( 1 2 2 0 ) 
resumes the following input sequences: 
( 1 0 0 0 ), (1 0 1 0 ), (1 1 0 0 ), ( 1 1 1 0 ). 
(don't care bits are represented by the integer "2"). 

Maximal Ntnnber of sinrultaneously satisfied adjacency 
Conditions for a given set of state pairs. 

estinated average number of partitions =ntainin:J 
a specified state pair at the same block within a 
final family of partitions. 

parameter instructing the number of state pairs, 
from a set of pairs, that should be actually nade 
=ctewise adjacent. 
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III. CENTRAL IDEAS IN THE METHOD OF MAXIMAL 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 i2 

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. III.1 illustrates a sketch for a possible physical 
realization of this finite state machine. 

Xl 
X2 
Y1 
Y2 

COMBI y1 
y2 

,......; X2 
Xl 

L- D.FF's ~ 0 

1 

Fig III.1 Physical realization of machine M. 

0 1 

iO i1 

i2 i3 

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). 
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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 
look 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 corne back to the machine M. Choosing at random a final 
family of partitions for this machine, say 

( {[ 1 2 1 
( [ 1 3 1 

[ 3 4 1 ), 
[ 2 4 1 ) 

results the state assignment illustrated at Table 111.2 
( 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 line adjacencies at Table 111.2 (c) and Table 
III. 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 y1 and 
y2. 

The adjacencies have four different origins: 

( i) Adjacencies concerning input codes independent on position 
of states within the partitions. 

For instance, it can be seen from Table 111.2 (a) that there 
is always a possible adjacency for y1 and for y2 between 
lines <14> and <15> at Table III.2(c). 

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

For y2, the adjacency between lines <5> and <6> at Table 
III. 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 
111.2 (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». 
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(iii) Adjacencies concerning state codes, unconditional to block 
placement of next-states. 

For instance, adjacency between lines <5> and <7> at Table 
111.2 (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 III. 2 (b) . 

Can you see from lines <14> and <15> at Table 111.2 (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 III.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 111.2 (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. 



8 

Table 111.2 

** Example of state encoding for machine M ** 

input present next input present next 
state state state state 

Xl X2 YI Y2 yl y2 

io 2 0 0 0 0 0 I 
il I 4 0 I 0 0 I I 
i3 I I I 0 0 0 0 
i2 4 I 0 0 0 I I 

io 4 0 0 0 I I I 
il 2 2 0 I 0 I 0 I 
i3 3 I I 0 I I 0 
i2 2 I 0 0 I 0 I 

io I 0 0 I 0 0 0 
il 3 4 0 I I 0 I I 
i3 I I I I 0 0 0 
i2 3 I 0 I 0 I 0 

io 3 0 0 I I I 0 
il 4 2 0 I I I 0 I 
i3 2 I I I I 0 I 
i2 I I 0 I I 0 0 

(a) ( c) 

input present next input present next 
state state state state 

Xl X2 YI Y2 yl y2 

I 2 0 0 0 0 0 I 
io 2 4 0 0 0 I I I 

3 I 0 0 I 0 0 0 
4 3 0 0 I I I 0 

I 4 0 1 0 0 I 1 
il 2 2 0 1 0 1 0 I 

3 4 0 I I 0 I I 
4 2 0 I I I 0 1 

I I I I 0 0 0 0 
i3 2 3 I I 0 I I 0 

3 I I I I 0 0 0 
4 2 I I I I 0 I 

1 4 1 0 0 0 1 1 
i2 2 2 1 0 0 1 0 1 

3 3 I 0 I 0 I 0 
4 1 1 0 1 1 0 0 

(b) ( d) 

f~l : f~l : other representation for next-state table. 
: encoding for machine M. 



9 

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 

Algoritlnn based on the Method of Maximal Adjacencies for systematic 
encoding of Finite state Machines ( FSM ). 

'lbe algoritlnn looks for a minimal structure, based upon D-flip-flop's 
as memory eleIrel1ts, which realises the same input/output behaviour as 
the FSM described in the input file. 

(a) OVERVIE.W : 

1. MINAS 

{ begin } 

1.1 GetReferenceTime; 

1.2 GetFrimitiveData; 

1.3 CoItputeInputstateAdjacencyConditions; 

1.4 CamputeOutputstateAdjacencyConditions; 

1.5 camputePresentstateNextstateAdjacencyConditions; 

1.6 SortFriorities; 

1.7 GenerateFinalFamiliesofFartitionsBasedOnPriorities; 

1.8 RecordBestFinalFamilyOfFartitions; 

1. 9 RecordI.oopl'ime; 

{ end } 

(b) HIGHLIGIflS : 

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

Infonnation about the ways the system represents time, how to get time 
fram the system, and how to manipulate time you can find in the " Apollo 
Domain - Progrannning With General System calls" manual. 
~ GetReferenceTime just uses system routines to assign to the 
variable ref_sec the starting execution time fram MINAS. 
later this reference time will be used to give infonnation about global 
execution time. 
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* 1. 2 GetFrimitiveData : 'Ihe input data file fonnat definition for MINAS is 
given in Appenjix 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 symbols, an:} 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 
GetFrimitiveData is fill up the following arrays: 

( i) 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) OUtputTable as entries to this table you have 
an input pattern identifier an:} a 
present state ; as output you have 
an output pattern identifier. 
(output pattern identifier = 1 
starns for don't care output at 
every output line ). 

* 1. 3 ComputelnputStateAdjacencyConditions : After getting infonnation 
about the FSM structure, 

MINAS has to recognise input/present-state adjacency =nditions. 
'Ihe algorithm handles with every possible input subspace by expanding 
input symbols. 

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

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

( ii) VectorlnputCorrelation : number of same don't care bit 
positions =nsidering two different 
input patterns. 

(iii) VectorlnputAutoCorrelation : number of don't care bits 
in an input pattern. 
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* 1.4 Computeoutputstatel\djacencyConditions : identify possible adjacency 
=nditions due to the 

stnlcture of the different output patterns. 
'!he follc~l1ing array is =nstructed by this pr=edure: 

i) VectorOutputstate : number of possible adjacencies for 
each state pair due to the FSM 
outputs. 

* 1.5 ComputePresentstateNextstatel\djacencyConditions: besides calculating 
present-state-­

next- state adjacency =nditions, this procedure also combines other 
adjacency =nditions 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: 

i) VectorLineAux for a given state pair, this vector 
=ntains combined adjacencies con­
ditional to block placement, taking 
into a=unt 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) VectortJnconditional : all possible adjacencies not 
dependent from next state block 
placement. 

( iv) 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. 
'!he series I lenght is ill1posed by the 
parameter MNSC ( maxIDa1. number of 
simultaneously satisfied adjacency 
conditions) . 

( v) ConditionalAdjacencies :in ConditionalTable you have 
information about =nditional state 
pairs. '!he number of =nditional 
reached adjacencies =noerning each 
=nditional 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 oodewise adjacent. 
This estimation depends upon the para­
meter MNP ( estimated average number 
of partitions =ntaining a specified 
state pair at the same block ). 
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* 1. 6 SortPriorities : this procedure oIDers priorities ai.rni.n:J to build a 
final family of partitions. 

Retriev:in;J infonnation from VectorEstiInationrotal, the follOW':in;J 
anay will be constructed : 

( i) VectorPriority: ordered series of state pairs sup­
posed to have preferencial entry 
while bui1d:in;J a family of partitions. 

* 1. 7 GenerateFinalFamiliesOfPartionsBasedOnPriorities : Final families of 
partitions are 

built sequentially obey:in;J priorities. 
Here a "branch and boun:l." approach has been used for the purpose of 
plac:in;J states into partition blocks. 
Once finished, the current Final Family of Partitions (FFP) has to be 
shaped in order to allCM state encod:in;J. After that, the results are 
sent to a file which will be read by the minimiser. 
MINAS has to wait for the answer camming from the minimiser in order to 
proceed. Depend:in;J on the achieved number of product tenns, the 
algorithm decides either to go on or not. 

* 1.8 RecordBestFinalFamilyOfPartitions : after hav:in;J decided for the 
''best'' final family of par­

titions (that is, the assigrnnent result:in;J the srrallest number of 
product tenns), MINAS registers the results in a file match:in;J the 
minimiser input fonnat definition. 
(see Appendix 1). 

* 1.9 RecordLoopl'ime: same remarks as for GetReferenceTime (1.1). 
'lhis procedure calculates and shCMs the algorithm's 

global execution time, includ:in;J the required time for minimisation. 

( c) INPUI'S : 

i) input file =ntain:in;J FSM symbolic description 
(Appendix 1). 

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

(d) 00TIUl'S : 

i) output file =ntain:in;J en=ded FSM description, 
match:in;J minimiser input file fonnat definition 
(Annexe1 ). 
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(e) 'IOOlS 

( i) Push 

( ii) Pop 

procedure intented to place a new c:onqx:>nent 
into a stack of non negative integers. 

procedure intented to take back the value of 
the latest c:onqx:>nent fram a stack of non 
negative integers. 

iii) PushVector: procedure intented to place a new 
c:onqx:>nent into a stack of vectors. 

( iv) PopVector : procedure intented to take back the 
value of the latest c:onqx:>nent fram a stack 
of vectors. 

v) 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. 

( vi) Incretrent : the goal of this procedure is to add 
"one" to a given non negative integer. 

( vii) Adcfi'o adds a non negative integer to a real 
variable. 

(viii) Power calculates 2 raised to a given power. 

( ix) Field returns field format for printing integers. 

( x) I=ate: this procedure receives a state pair and 
gives back its respective position in the 
series of ordered pair of states. 

( xi) Decx:x:le: this procedure gets a state pair position in 
the series of ordered pairs of states and 
gives back the =nstitutive states. 

( xii) Decx:x:lelnp : this procedure gets a input pair 
position in the series of ordered pairs of 
inputs and computes the =nstitutive input 
pattern identifiers. 

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

( xiv) ShortQuickSort : the same as QuickSort, but the 
=ncerned arrays are shorter in size. 

15 
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1.1 GetReferenceTime 

'!he "Domain" system provides a ru.nnber of system routines to manipulate 
tine. 
Infonnation about the ways the system represents tine, how to get tine 
from the system, am how to manipulate tine you can fil'rl in the " Apollo 
Domain - Prcxjra:rmning With General System calls " manual. 
Procedure GetReferenceTine just uses system routines to assign to the 
variable ref sec the starting execution tiJne from MINAS. 
later this reference tiJne will be used to give infonnation about global 
execution tiJne. 
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1.2 GetPrimitiveData 

'lhe input data file fomat 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 
"2"; 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 infomation ): 

( get data and built arrays ): 

{ close file }: 

{ em }: 

(b) INRJTS : 

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

(c) 0l.JTIUl'S 

( i) 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 =ent input pattern is 
not related to the =ent present 
state) . 

( iv) outputTable 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 computelnputStateAdjacencyConditions 

After getting infonnation about the FSM stru.cture, MINAS has to 
recognise input/present-state adjacency conditions. 
'!he algorithm handles with every possible input subspace by expanding 
input symbols. 

(a) OVERVIEW : 

1.3 Conq:lUteInputstatel\djacencyConditions 

{ begin } 

set initial conditions}; 

( check input pattern binary correlation; i.e. 
the number of COllllOCln don't cares between input 
patterns) ; 

( compute input state adjacency conditions for ~ery 
state pair: ) 

repeat: } 

sp;x;ify 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 F'UllInInputstateCoincidenceMatrix; 

1. 3. 2 GenerateAllVirt:ualSubspa=s; 

1.3. 3 Kee~yActualSubspaces; 

{ Adjacencies := 0 }; 

1.3.4 DetectPossiblelnputstatel\djacencies; 

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

( end do ) 

until all states have been considered }; 

{ end }; 
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(b) HIGHLIGHTS 

* 1. 3.1 FUllInInputStatecoincidenceMatrix : the inputs for this 
procedure are 

( i) Presentstate reference state ); 

( ii) NextstateA state from pair urrler f= ); 

(iii) NextstateB state from pair urrler f= ); 

( 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 =ent 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 f'Nery possible pair of input 
patterns that can be extracted from 

CoincMatrixA and CoincMatrixB (one symbol from each array, different 
from don't care definition) there is a related subspace from which 
the pair of states NextstateA/NextstateB is a member. If in this 
(virtual) subspace no other states are present, then a real subspace 
is achif'Ned allowing high order adjacencies. 

List resulting from this procedure: 

i) SUbspacesWaitingList : list of vectors defining 
possible subspaces. 

* 1.3.3 KeepJnlyActualSubspaces : not every subspace definition stored in 
SubspaceswaitingList is a validy one. 

Only the subspaces containing the states NextstateA and NextstateB, 
and no other states, are of interest. 
'!his procedure checks the subspaces and keeps the actual ones in the 
list: 

( i) BookedSUbspacesList : list of vectors defining 
actual subspaces. 
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* 1. 3 • 4 Detect:Possiblelnputstatel\djacencies : the subspaces stored in 
Booked SUbspacesList are 

not necessarily nrutualy exclusive ones; that means, one subspace can 
overlap the neighbouring. Hence, an optimal combination of nrutually 
exclusive subspaces has to be chosen in order to result in a maximal 
~ of adjacencies. 

(c) INFUIS : 

i) InputMatrixDef fNery 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 neans 
that the current input pattern is 
not related to the current present 
state) • 

(d) CICITIVIS : 

i) VectorInputstate : ~ of possible adjacencies for 
each state pair depending on the 
inputs to the FSM. 

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

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

(a) OVERVIE.W : 

1.3.1 FullInInputstateCoincidenceMatrix 

(b) rnrors : 

{ begin } 

{ look for input patterns resulting on the same 
next state as NextstateA or NextstateB for a 
given Presentstate }; 

{ end }; 

( i) 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 

(c) CJUI'PUI'S : 

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 ). 

( i) coinc:MatrixA array of inPut symbols which are 
related to Presentstate and 
NextstateA. 

( ii) coinc:MatrixB array of input symbols which are 
related to Presentstate and 

NextstateB. 

21 
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1.3.2 GenerateAllVirtualSubspaces 

For every possible pair of input patterrls that can be extracted from 
coincMatrixA and COincMatrixB (one symbol from each array, different 
from don't care definition; see 1.3.1 ) there is a related subspace 
where the state pair NextStatel\jNextStateB 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 GenerateAll VirtualSUbspaces 

{ begin } 

repeat: ) 

{ choose two input patterrls different from don't 
care definition; one from COincMatrixA, the 
other from coincMatrixB ); 

1.3.2.1 RecursiveCreation; 

until all possible pair of input patterrls has 
been tried }; 

{ erd }; 

(b) HIGHLIGIfl'S 

* 1. 3.2.1 RecursiveCreation : looks for all possible subspaces that can be 
generated from the two input patterrls under 

=nsideration. This procedure is auto-recursive and makes use of 
an internal procedure Testsequence to check the moment to stop the 
branched recursions. At the erd of each recurrence a vector 
defining a subspace is stored. 
For instance, the vector 

( 112 0 2 

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) INR1l'S : 

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. 

(d) ourrurs : 

( i) SUbspacesWaitin:JList : list of vectors definin:J 
possible subspaces. 

23 
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1.3.3 KeepOnlyActualSubspaces 

Not e:very subspace definition stored in SubspacesWaiting-List is a 
validy one. Only the subspaces containing the states NextstateA am 
NextstateB, am no other states, are of interest. 
'!his procedure checks the previous defined subspaces am keeps the 
actual ones. 

(a) OVERVIEW : 

1.3.3 KeepOnlyActualSubspaces 

{ begin } 

{ repeat : } 

{ get a subspace definition from SUbspaces­
WaitingList }; 

1.3.3.1 FullltiEigenVectorsSet; 

1.3.3.2 CheckBaseOrthogonality; 

{ if orthogonality then store definition in 
BookedSubspacesList }; 

until e:very definition has been tried }; 

{ end }; 

(b) HIGHLIGHI'S : 

* 1.3.3.1 FullItiEigenVectorsSet : that means, lcok for input symbols 
possibly It'atching the subspace defin­

ition under consideration. Hence, only input symbols that, forthe 
current Presentstate, inply 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: 

i) EigenvectorsList. 

* 1.3.3.2 CheckBaseOrthogonality : now we have to prove that the input 
patterns within EigenVectorsList fully 

generate the subspace definition under consideration; i.e. wehave 
to check the Eigen vectors' "orthogonality". 
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(c) INIUI'S : 

( i) 

( ii) 

(iii) 

( iv) 

Presentstate 

NextStateA 

NextStateB 

InputMatrixDef 

( reference state ); 

( state from pair under focus ); 

( state from pair under focus ); 

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

( v) 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 J1EaI1S 

that the current input pattern is 
not related to the current present 
state) • 

( vi) SUbspacesWaitingList : list of vectors defining 
possible subspaces. 

(d) OOTFUTS : 

( i) BookeclSubspacesList : list of vectors defining 
actual subspaces. 

25 
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1.3.4 DetectPossibleInputStateAdjacencies 

The subspaces stored in BookedSubspacesList are not necessarilYl\1Utualy 
exclusive ones; that means, the subspacescan overlap. Hence, anoptllnal 
combination of l\1Utually exclusive subspaces has to be choosen in order 
to result in a maximal mnnber of adjacencies. 

(a) OVERVIEW : 

1.3.4 DetectPossibleInputstatel\djacencies 

( begin ) 

(b) INRJTS : 

create backup list from BookedSubspacesList 
aiming future infonnation ) 

repeat) 

{ get a subspace definition, say SUbspaceA } 

compare SubspaceA with other definitions and 

keep in ExclusiveList only the subspaces 
without overlapping with SubspaceA } 

up::late ExclusiveList; that means, there are 
possibly some subspaces within ExclusiveList 
which overlaps themselves. Keep only the 
l\1Utualy exclusive subspaces with biggest 
dimensions } 

( count possible mnnber of reached adjacencies; 
i. e. the number of COllll1IUJ1 don't cares between 
SUbspaceA and the other definitions in the 
up::lated ExclusiveList ) 

( compare the mnnber of possible adjacencies 
with the max.ilnal reached until nCM; 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 number of possible adjacencies ) 

until each subspace definition in BookedSubspa­
cesList has been tried ) 

( retrieve infonnation in BookedSubspacesList ) 

end } 

( i) BookedSubspacesList list of vectors defining 
actual subspaces. 

( c) OUTIUTS : 

i) Adjacencies maximal number of possible adjacencies 
for a given pair of states. 
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1.4 ComputeoutputstateAdjacencyConditions 

Identify possible adjacency conditions due to the structure of the 
different output patterns. 

(a) OVERVIEW : 

1.4 computeoutputstatelldjacencyConditions 

{ begin } 

set initial conditions}; 

{ for each state pair do : } 

repeat: } 

1.4.1 CountFossibleOutputstatelldjacencies; 

{ until each input pattern has been checked }; 

{ repeat : } 

1.4.1 Count.PossibleOutputstatelldjacencies; 

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

{enddo }; 

{ end }; 

(b) HIGHLIGIS : 

* 1.4.1 CountFossibleOutputstatelldjacencies : this procedure ~bit 
by bit the different output patterns and updates the number of 
possible adjacencies due to the intercorrelation between states and 

outputs. 
An internal procedure "CampareBitByBitoutput" returns infonnation 
about the matching between bits from two different output patterns. 
'!:his infonnation is inportant in order to update the number of 
possible adjacencies related to output patterns. 
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( c) INIVI'S : 

i) VectorlnputCo=elation : nUlTlber of sarre don't care bit 
positions considering two different 
input patterns. 

( ii) VectorlnputAutoCorrelation : nUlTlber 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 cu=ent input pattern is 
not related to the cu=ent present 
state) . 

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

(d) 001'FUTS : 

i) vectorOutputstate number of adjacency =nditions 
for each state pair due to the 
FSM outputs. 
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1.5 ComputePresentstateNextStateAdjacencyConditions 

Besides ca1culating present-state-next-state adjacency conditions, 
this procedure also combines other adjacency =nditions and gives an 
estination of the total number of adjacencies for each state pair. Only 
the necessary infonnation is stored for future use. 

(a) OVERVIEW : 

1.5 CorrputePresentstateNextStateAdjacencyConditions 

( begin ) 

( set initial =nditions ): 

for each state pair do } 

( reset initial =nditions ): 

( repeat: ) 

1.5.1 CountFossiblePresStNextStlIdjacencies: 

( lliltil each input pattern has been checked ): 

( repeat : ) 

1.5.1 CountFossiblePresStNextstlldjacencies: 

lliltil each possible inPut pattern combination 
has been checked }: 

( compute independently reached combined 
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 combined adjacencies conditional 
to block placement: that is, present-state--next­
state and inPut-state dependencies). }: 

store in ConditionalTable and ConditionalAdja­
cencies only the necessary infonnation: i.e. 
a limited number of conditional pairs }: 

( estinate the total number of adjacencies): 

(enddo ): 

( end ): 
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(b) HIGHLIGfll'S : 

* 1.5.1 Coun1:R::>ssiblePresStNextstlldjacencies : there are same adjacencies 
that do not depen:i on next-states (this information is stored in 
VectorDontCare) , am adjacencies that do depend on next-state block 
placerrerrt: (this information is tenp::>rarily stored in 
vectorLineAux) . 

(c) INRlTS : 

( i) NextStateTable: as entries to this table you have 
an input pattern identifier am 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: rn.nnber of adjacency con:litions for 
each state pair dependin;J on the 
inputs to the FSM. 

(iii) vectorOutputstate: rn.nnber of adjacency con:litions for 
each state pair due to the FSM 

outputs. 

( iv) VectorInputcorrelation: rn.nnber of same don't care bit 
positions considering two different 
input patterns. 

( v) VectorInputAutocorrelation: rn.nnber of don't care bits 
in an input patterns. 

(d) 00TIUl'S : 

i) VectorDontCare : there are same present-state-next­
state adjacencies independent fram 
next-state block placement. 

( ii) vectortJncon:litional : all possible adjacencies not 
dependent fram next state block 
placement. 

(iii) COnditionalTable : for each state pair there is an 
ordered series of state pairs resul­
t:in:J on a maxilI1a1 rn.nnber of adjacen­
cies that depends on block placerrerrt:. 
The series' lenght is imposed by the 
parameter MNSC ( maximal rn.nnber of 
simultaneously satisfied adjacency 
conditions) . 
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( iv) Conditionallldjacencies :in ConditionalTable you have 
infonnation about conditional state 
pairs. '!he number of conditional 
reached adjacencies concernin:] each 
conditional state pair will be found 
in the table ConditionalAdjacencies. 

( v) VectorEstimatiortrotal : estimation of the total 
number of adjacencies if a given 
state pair has been codewise adjacent. 
'!his 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 

'!his procedure orders priorities aiming to build a final family of 
partitions. 

(a) OVERVThW : 

1.6 SortPriorities 

begin } 

{ retrieve infonnation form VectorEstimatiortl'otal }; 

sort priorities }; 

{ store results in VectorPriority }; 

{ em }; 

(b) INFUIS : 

i) VectorEstimatiortrotal: estimation of the total mnnber 
of adjacencies if a given state pair 
has been codadse adjacent. 

(c) oorrors : 

This estimation deperrls on the para­
meter MNP ( estimated average ntnnber 
of partitions =ntaining a gpecified 
state pair at the same block ). 

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 partitions are built sequentially obeying 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 to be 

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 connning from the minimiser in order to 
proceed. Deperrling on the achieved number of product tenus, the 
algoritlun decides either to go on or not. 

(a) OVERVIEW : 

1.7 GenerateFinalFamiliesOdPartitionsBasedOnPriorities 

{ begin } 

{ set initial =nditions }; 

{ 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; 

{ lUltil optimal =ncept is reached }; 

{ end } 
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(b) HIGHLIGI'S : 

* 1. 7.1 BuiltFinalFamilyOfPartitions : iWo states are codewise adjacent if 
they are placed in separate blocks 

only at one partition 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 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 member; then, if possible, the second state is 
placed codewise adjacent to the first one. 
'lhis routine is followed until all states became members. 

* 1.7.2 ShapeFina1Famil yOfPartitions : state assigrunent 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 =nsideration the m.nnber of entries of the states in the 
Nextstaterable. 

* 1. 7 . 3 RecordFinalFamilyOfPartitions : after having built and shaped a 
FFP, the results are registered in 

a file matching the sinplest version of the minimiser input fonnat 
definition ( Annexe 1 ). 

* 1.7.4 MinimizeMachineStnlcture : 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 output Minimiser ), available in the WE-Lib. 
For the purpose of infonnation exchange between the two programs, the 
mailbox =ncept 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 Carmnunication" 
manual. 

* 1.7.5 AnalyzeMinimizedStnlcture : 'lhe results from MOM (a minimized FSM) 
are available in a file ( fonnat 

definition given in Annexe 1). 
MINAS gets data from this file in order to decide which assigrunent 
will be the best. 
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(c) INPUI'S : 

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

( ii) ComitionalTable : for each state pair there is an 
ordered series of state pairs resul­
tin:} on a maximal number of adjacen­
cies that depends on bl=k placement. 
'!he series I lenght is :inq:losed by the 
parameter MNSC. 

(iii) ComitionalAdjacencies : in ComitionalTable you have 
infonnation about =mitional state 
pairs. 'Ihe number of =mitional 
reached adjacencies =ncerning each 
=OOitional state pair will be foum 
in the table CoOOitionallldjacencies. 

( iv) NextStateTable : as entries to this table you have 
an input pattern identifier am a 
present-state ; as output you have 
a next-state (next-state = -1 IOOanS 

that the current input pattern is 
not related to the current present­
state) • 

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

(d) 00TIUl'S 

( i) FFPKey best final family of partitions. 

35 
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1.7.1 BuiltFinalFamilyOfPartitions 

'!\No states are cx:xlewise adjacents if they are placed in separate blocks 
only at one partition 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 rrember, the other state 
is made cx:xlewise adjacent to it. 
(state rrember means that the state has already been placed in all 
partitions) . 
If both states are not state rrembers, one state is placed cx:xlewise 
adjacent to an old rrember; then, if possible, the second state is placed 
cx:xlewise adjacent to the first one. 
'!his routine is followed until all states becarre rrembers. 

(a) OVERVIEW : 

1.7.1 &IiltFinalFamilyOiPartitions 

{ begin } 

{ get value for priority head }; 

{ set initial =nditions }; 

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

{ place =nditional state Pairs related to priority 
head in all paritions : } 

{ ReferencePosition := PriorityHead } 

1.7.1.1 FullInVectorAuxiliarwithConditionalPairs; 

1.7.1.2 PlaceConditionalPairsFramVectorAuxiliar; 

place other state pairs obeying priorities, 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 cx:xlewise adjacents then} 

{ ReferencePosition := PriorityHeadAux }; 
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1.7.1.1 FUlIInVectorAuxiliarwithOonditionalPairs; 

1.7.1.2 PlaceConditionalPairsFramVectorAuxiliar; 

{ end if }; 

end if }; 

{ until FFP is finished }; 

{ end }; 

(b) HIGHLIGfll'S : 

* 1. 7 .1.1 FUllInVectorAuxiliarWithConditionalPairs : for a given 
Reference-Position 

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

Array resulting fram this procedure : 

i) VectorlDcus : state pair identifiers from Oondi­
tionalTable related to Reference­
Position and presenting !!Ore =ndi­
tional adjacencies than the pre­
specified weight. 

* 1. 7 .1. 2 PlaceConditionalPairsFromVectorAuxiliar : each state pair fram 
Vectorlocus will be 

placed, if possible, into the partition blocks. 

* 1. 7 .1. 3 MakeLinkForStatePair : Some requi.reroonts nrust be fulfilled in 
order to place a ConditionalPair into a 

FFP. An inqJortant 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 OonditionalPair is a state member, the 
other state is made =dewise adjacent to it. 
If both states are not state members, one state is placed codewise 
adjacent to an old member; then, if possible, the se=nd state is 
placed codewise adjacent to the first one. 

* 1. 7.1. 4 DetectNeighbouring : it is meaningful to try to place =nditional 
state pairs related to the current 

PriorityHeadAux only if the state pair PriorityHeadAux is self 
codewise adjacent. 
'!his procedure checks if the states from PriorityHeadAux are 
adjacents. 
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(c) INFUI'S : 

( i) PriorityHead state pair which initialises the 

=nstruction of a FFP. 

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

(iii) 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 plaCE!lOOl'lt. 
'!he series' lenght is :ilnposed by the 
parameter MNSC. 

( iv) Conditionallldjacencies : in ConditionalTable you have 
information about =nditional state 
pairs. The number of conditional 
reached adjacencies concerning each 
conditional state pair will be found 
in the table Conditionallldjacencies. 

( v) vectorUn=nditional : all possible adjacencies not 
deperdent from next state block 
placement. 

( vi) Cost parameter inlposing the number of conditional 
state pairs which will be catched 
out the ConditionalTable for the 
purpose of built a FFP. 

(d) 0UTIUl'S 

( 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 

(b) lNIUIS : 

{ begin } 

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

{ update number of adjacencies taking into 
a=ount that now the state pairs will be 
actually codewise adjacents }; 

{ choose weight }; 

{ keep only state pairs presenting number of 
adjacencies greater than or equal to weight}; 

end }; 

i) 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. 
'!he series I lenght is imposed by the 
parameter MNSC 

(iii) Conditionallldjacencies : in ConditionalTable you have 
information about conditional state 
pairs. '!he number of conditional 
reached adjacencies concerning each 
conditional state pair can you find 
in the table ConditionalAdjacencies. 
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( iv) vectortJn=nditional : all possible adjacencies not 
deperrlent fram next state bloc:k 
placement. 

( v) Cost parameter:inp:lsing the rn.nnber of =nditional 
state pairs which will be catched 
out the ConditionalTable for the 
purpose of built a FFP. 

( c) 00l'RJ'lS : 

( i) VectorIDcus state pair identifiers fram Conditio­
nalTable related to Ref~ition 
and presenting lOClre =nditional 
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) OVERVIE.W : 

1.7.1.2 PlaceOonditionalPairsFramVectorAuXi1iar 

(b) rmurs 

{ begin } 

{ set initial conditions}; 

{ repeat: } 

{ get a state pair from VectorLocus } 

1. 7.1. 3 MakeLinkForStatePair; 

{ until VectorLocus is exhausted 
or FFP is finished }; 

{ end }; 

( i) VectorLocus state pair identifiers from 
ConditionalTable related to 
ReferencePosition and presenting 
more conditional adjacencies 
than the pre-specified weight. 

( ii) ReachedAdjacencies array containing the current 
number of reached adjacencies for 
£Nery state. 

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

( iv) FFPStateMembership set with current state members. 

( v) FFP ( current status ) 

(d) oorrors : 

( i) ReachedAdjacencies 
( ii) SetofAdjstates 
(iii) FFPStateMembership 
( iv) FFP 

( updated ) 
( updated ) 
( updated ) 
( updated ) 
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1.7.1.3 MakeLinkForstatePair 

Some requirements nrust be fullfilled in order to place a ConditionalPair 
into a FFP. An irrportant i:Jo1.Irrlary condition is the maxilnal allCMed 
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 member, the other 
state is rrade codewise adjacent to it. 
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. 

(a) 0VERVThW : 

1.7.1.3 MakeLinkForStatePair 

{ begin } 

( state pair under =nsideration 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 maxilnal allCMed 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 LookForDverlapping; 

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 
other state member : } 

1.7.1.3.2 LookForDverlapping; 

1.7.1.3.1 storeStatePair; 

{else:} 

{ if one state's reached adjacencies is the 
maxilnal allowed, and the other state is 
not a state member then : } 
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{ introduce secon::i state adjacent to any 
other state member : } 

1.7.1.3.2 LookForover1apping; 

1.7.1.3.1 storeStatePair; 

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

{ em }; 
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(b) HIGHLIGHI'S : 

* 1. 7.1. 3.1 storeStatePair : first, the state pair is placed together in the 
blocks of all partitions; after, the states 

uOOer consideration are put apart in only one· partition, that 
means they are made adjacent states. 
Finally the number of reached adjacencies for every statemember 
is updated. 

* 1.7.1.3.2 LookForover1apping : this procedure looks for a state member 
CMI1ing less reached adjacencies than the 

maximal allowed, for the purpose of introducing a new state in 
the FFP adjacent to it 

(c) INIUI'S : 

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

( ii) Reachedl\djacencies: 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 current state members. 

( v) FFP 

(d) ourrors : 

( i) Reachedl\djacencies 
( ii) SetOfAdjstates 
(iii) FFPStateMembership 
( iv) FFP 

( current status ) 

( updated ) 
( updated ) 
( updated ) 
( updated ) 
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1.7.1.3.1 storestatePair 

First, the state pair is placed together in the blocks of all partitions; 
after, the states under =nsideration are put apart in only one 
partition, that means they are made adjacent states. 
Finally the mnnber of reached adjacencies for every state member is 
updated. 

(a) OVERVIEW : 

( begin ) 

1.7.1.3.1.1 InsertStatePairInAlIBlocksOfFFP; 

1.7.1.3.1.2 DivorceStatePair; 

1.7.1.3.1.3 UpdateStateAdjacencies; 

( end ); 

(b) HIGHLIGHIS : 

* 1. 7 .1. 3 .1.1 InsertStatePairInAlIBlocksOfFFp : by constJ:uction, there 
are only two possibil­

ities for the pair of states: the first state is a state member 
and the secon:i not; or othel:wise. Hence, the state not member 
is placed in the blocks where the state member is already 
present. 
Tool: internal procedure Join(stateW,statez,FFP) which 
inserts stateW in all the blocks of FFP incllldl.nJ statez. 

* 1.7.1.3.1.2 DivorceStatePair : the state pair in f=us must be placed in 
separated bl=ks in only one partition 

(remember 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 
member 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,BestFartition): 

chooses the block within one partition 
incllldl.nJ 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 UpdatestateMjacencies : by construction, each new state 
member has perhaps other adjacen­

cies than the ones already booked. 

( c) INRJl'S : 

( i) CorxtitionalPair state pair supposed to be inser­
ted into the FFP. 

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

(iii) SetofAdjstates array containing the set of 
current adjacent states to £Nery 
state. 

iv) FFPStateMembership: set with current state members. 

( v) FFP 

(d) CIU'IWTS : 

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

( current status ) 

( updated ) 
( updated ) 
( updated ) 
( updated ) 
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1.7.1.3.2 LookForOverlapping 

'Ibis pnxxPnre looks for a state member owning less reached adjacencies 
than the maxiInal allowed, for the purpose of introducin;J a new state in 
the FFP adjacent to it. 

(a) OVERVIEW : 

1.7.1.3.2 LoOkForOVerlappin;J 

(b) INPUl'S : 

{ begin } 

{ repeat : } 

( get a state ); 

until state = member arrl 

{ ero }; 

reached adjacencies less than maxllnal 
allowed} ; 

( i) stateZ the state to be introduced. 

( ii) ReachedAdjacencies : array containin;J the current 
number of reached adjacencies 
for (Nery state. 
adjacent states to (Nery state. 

(iii) FFPStateMembership set with current state members. 

( c) 0Ul'FUI'S : 

( i) COrrlitionalPair 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 =nditional state pairs related to the 
cu=ent PriorityHeaclAux only if the state pair PriorityHeaclAux is self 
codewise adjacent. 
'Ibis procedure checks if the states fram PriorityHeaclAux are adjacents. 

(a) OVERVIEW : 

1.7.1.4 DetectNeighbouring 

(b) INlUI'S : 

{ begin } 

{ =unt how many partitions have stateX and 
statey in the san-e block }; 

verify adjacency =ndition }; 

{ end } 

( i) stateX 
( ii) statey 
(iii) FFP 

state under =nsideration. 
state under =nsideration. 
(cu=ent status). 

(c) 00TIUl'S : 

( i) Adjacentstates boolean answer =ncerning adjacency 
status between stateX and statey. 
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1.7.2 ShapeFinalFamilyofPartitions 

state assigrnnent deperrls on state position within a partition (states in 
the first block are coded with "0", in the secon::l block coded with "1") . 
In order to shape the "best" block positions, this procedure takes into 
=nsideration the rnnnber of entries of the states in the Nextstat:erable. 

(a) OVERVIEW : 

1.7.2 ShapeFinalFamilyOfFartitions 

(b) INFUrs : 

{ begin } 

=npute for each state the rnnnber of entries in 
the Nextstat:erable }; 

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

( en::! ); 

( i) FFP : final family of partitions. 
{ =ant status } 

( ii) Nextstat:erable : as entries to this table you have 
an input pattern identifier an::! a 
present state ; as output you have 
a next state (next state = -1 JOOaIlS 

that the =ant input pattern is 
not related to the =ant present 
state) • 

(c) OUTIUI'S : 

( i) FFP final family of partitions. 
{ final status } 
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1.7.3 ReeordFinalFamilyOfPartitions 

After having built arrl 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 tilre, only the necessary information is 
given to the minimiser, without comrrents). 

(a) OVERVIE.W : 

1. 7.3 RecordFinalFamilyo:EPartitions 

(b) INIUI'S : 

{ begin } 

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

register results in minimiser input file 
a=rding to format definition ); 

( en:l. ); 

( i) FFP (final status ). 

(e) ourrors 

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

MINAS has no intexnal procedure allowing minimisation of encoded FSM' s. 
In order to achieve this goal, we have decided to use the library program 
M::M (Multiple OUtput Minimiser), available in the 'IUE-Lib. 
For the purpose of information exchange between the two programs, the 
mailbox =ncept is needed. A mailbox is an object (a file) that two (or 
IIlOre) 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 "Apollo Domain -
Progrannning With system calls for Interprocess Communication" manual. 

(a) OVERVIEW : 

1.7.4 MinimizeMachineStructure 

begin } 

( get departure time; that neans, register time 
instant before minimiser becatnes 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 ( 
- - M:M is the other one) • 

'!his 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 : '!his procedure asks to the server if the 
- - results from the minimiser are 

available. '!he server gives a positive answer only when the file 
with results from the miniser is closed. 

(c) INRlTS : 

( i) step FFP are generated sequentially. The server 
receives information about the current step. 

(d) 0lJI'RlTS : 

( i) M::M sec minimiser execution time for the current 
step. 
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1.7.5 AnalyzeMinimizedstructure 

'!he results from M::M (a minimised FSM) are available in a file (format 
definition given in AnneXe! ). 
MINAS gets data from this file in order to decide which assigrnnent will 
be the best. 

(a) OVERVIEW : 

1.7.5 AnalyzeMini!nizedSt:ructure 

{ begin } 

(b) INlUl'S 

{ read information from file with minimised 
stl:ucture }; 

if current ProductTenns (i. e., the minimal CXNer 
cardinality) is less than latest reference 
then } 

{ keep the FFP as the best until nOW' }; 

erxl. }; 

( i) ProductTenns : read from minimiser file. 

E) MinProductTenns : latest value. 

(iii) step: index related ~t FFP. 

(c) OU'I'IUI'S : 

( i) MinProductTenns : updated value. 

( E) FFPKey : chosed "best" FFP for the time being. 
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1.8 RecordBestFinalFami1yOfPartitions 

After having decided for the "best" final family of partitions (that is, 
the assignment resulting on the smallest number of product tenns) , MINAS 
registers the results in a file matching the minimiser inPut format 
definition ( Armexe 1). 

(a) 0VERV:IEl0l : 

1.8 RecordBestFinalFamilyofFartitions 

(b) INRJI'S : 

{ begin } 

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

{ open minimiser inPut file }: 

write some comments regarding the assignment}: 

{ register results in minimiser inPut file 
a=rding to format definition }; 

{ close file }; 

{ end } 

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

(c) OUTFUI'S 

( i) file matching minimiser inPut file format. 
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1.9 RecordLoopTime 

Same remarks as for GetReferenceTime (1.1). 
'lhi.s procedure computes an:i shONS the algorithm's global execution 
time, includ:in:J' the required time for minimisation. 



54 



V. PROGRAM 

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

{#########################################################################} 

{ INClUDE FIIES } 

{#########################################################################} 

%INCIDDE '/sys/insfbase.ins.pas'; 
%INClUDE '/sys/ins/error.ins.pas'; 
%INClUDE '/sys/ins/l11bx.ins.pas'; 
%INCIDDE '/sys/ins/pgm. ins. pas , ; 
%INCIDDE '/sys/ins/t:ilre.ins.pas'; 
%INClUDE '/sys/ins/cal.ins.pas'; 

{#########################################################################} 

{ Dl\TA STRUCIURE AND GLDBIIL VARIABlES } 

{#########################################################################} 

=nst DataFile = 'FSM06. Dl\T' ; 
RecordFile = 'FSM06.DEF'; 

MamFile = 'FSM06.MIN'; 

const StateRange = 7; 
statePairPositionRange = 21; 
PartitionRange = 3; 

const InputBitRange = 2; 
Input.PatternRange = 5; 
Input.PairPositionRange = 10; 

=nst OUtputBitRange = 2; 
OUtput.PatternRange = 4; 

const MNP = 2; 
MNSC=7; 
Cost = 1.0; 

{ file with primitive data 
{ file with results } 
{ answer from MCM } 

{ S: Number of States } 
{ (S -l)*S div 2 ) 
( k; 2**(k-l) < S =< 2**k ) 

{ Number of input lines } 
{ IP: Number of different inputs} 
{ (IP -l)*IP div 2 ) 

{ Number of output lines } 
{ Number of different outputs } 

{ parameter, nomaly = 1</2 } 
{ parameter, normaly = S or S+l 
{ parameter, range 0 .• 1 } 

{ ......................................................................... } 

type NonNegInteger = O •• maxint; 
Bits = O .. 2; 

type states = 1.. StateRange; 
SetofStates = set of states; 
Block = SetofStates; 
ProperPartition = record BlockA,BlockB: Bl=k end; 
FamilyOfProperPartitions =array[ 1. . PartitionRange 1 of ProperPartition; 
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type Nextstates = -1. .stateRange; 

type statePairSeries = 1. .statePairPositiOl'lRarqe; 
InputFairSeries = 1 .. InputPairPositiol'lRan:3"e; 
InputSeries = 1 .. InputFatternRange; 

InputBitseries = 1.. InputBitRange; 
OUtputseries = 1.. OUtputFatternRange; 
OUtputBitseries = 1. .OUtputBitRange; 
PartitionSeries = 1 .. PartitionRange; 
MNSCSeries = 1. .MNSC; 

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

type VectorStatePairPosition =array [statePairSeries ] of NonNegInteger; 
VectorCounter = array[StatePairSeries] of real; 
vectorlnputDef = array[InputBitseries] of Bits; 
VectorOUtputDef = array[OUtputBitseries] of Bits; 

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

type stackPointer = AstackComponent; 
stackComponent = record 

Value: NonNegInteger; 
Next: stackPointer 

errl; 

type MatrixList = AMatr:ixCortponent; 
Matr:ixCortponent = record 

type Crosses = record 

Vector: VectorlnputDef; 
Next: MatrixList 

errl; 

Afinity: o .. 2; 
DlbbleCross: InputBitMatching; 

errl; 

program 

{ ......................................................................... } 

var PrimitiveD3ta: text; 
Register,Mini: text; 

{ file of NonNeglnteger } 
{ file of NonNeglnteger } 

var conditionalTable: array [statePairSeries) of stackPointer; 
comitionalAdjacencies: array[ StatePairSeries] of stackPointer; 

var FFP, FFPKey: FamilyOfProperPartitions; 
FFPStateMernbership: SetofStates; 
NumberOfStateMembers: 0 .. StateRange; 

var setofAdjStates: array [states] of SetofStates; 
Reachedl'.djacencies: array [states ) of NonNegInteger; 

var stateX,stateY: states; 
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var StatePairPosition: StatePairSeries; 
I=ation, PriorityHead: statePairSeries; 

var Item: NonNegInteger; 

var VectorInputstate: VectorCounter; 
VectorOutputstate: VectorCounter; 
VectorDontcare: VectorCounter; 
Vectorunoonditional: VectorCounter; 
VectorEstiInatiorlI'otal: 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[InputFairSeries] of Crosses; 
VectorInputAutocorrelation: array [Inputseries] of Crosses; 

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

var BestFartition 
BestBlock 
Adjacencies 
SUmAdjacencies: 

Partitionseries ; 
BlockRange; 
NonNegInteger; 
real; 

var MinLcgic:Gates ,MinProductTems ,MinLocation: NOnNegInteger; 
Step,MinStep: NonNegInteger; 

var statrec: status_$t; {error status after opening a file} 
clock: t:inte $clock t; {internal t:inte } 
ref sec,loop sec: Iinteger; {readable t:inte in sec } 
~::::sec,dep3ec,a=_sec: linteger; { ~ t:inte } 

{#########################################################################} 

{ 'lOOlS l 

{#########################################################################} 

pr=edure Push(X: NonNegInteger; var stack: stackPointer); 

var N~nent: stackPointer; 

begin 
new(NewCornponent) ; 
with NewConponent" do 

begin Value := X; Next := stack end; 
Stack := NewConqJonent 

end; { Push } 

{ .................................... } 

pr=edure Pop(var X: NonNegInteger; var Stack: StackPointer); 

var OldCo!tqJonent: StackPointer; 
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begin 
OldCornponent := Stack; 
with OldCornponentA do 

begin X := Value; Stack := Next end; 
dispose (OldCornponent) 

end; ( Pop ) 

( .................................... ) 

procedure PUshVector(X: VectorInputDef; var Matrix: MatrixList); 

var NewCornponent: MatrixList; 

begin 
new(NewCornponent) ; 
with NewCornponentA do 

begin Vector := X; Next := Matrix end; 
Matrix:= NewCornponent 

end; ( PUshVec ) 

{ .................................... } 
procedure PopVector(var X: VectorInputDef; var Matrix: MatrixList); 

var OldCornponent: MatrixList; 

begin 
OldCornponent := Matrix; 
with OldCornponentA do 

begin X := Vector; Matrix := Next end; 
dispose (OldCornponent) 

end; { PopVec } 

program 

{ ......................................................................... } 

procedure order( var A,B: states); 
{ this pr=eCiure 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. .stateRange; 

begin 
if A > B then begin T := A; A := B; B := T end 

end; { order } 

( .................................... ) 

proc:edure Increment( var A: NonNegInteger); 
{ the goal of this procedure is ••• } 

begin 
A := A +1 

end; { increment 

{ .................................... } 

proc:edure AddTo( var R: real; S: NonNegInteger); 
{ the goal of this procedure is .•• } 
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begin 
R := R + S; 

end; ( add ) 
( .................................... ) 
function PoWer( A: NonNegInteger): NonNegInteger; 

( CorrpUtes 2 raised to the power A ) 

var I,Answer: NonNegInteger; 

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

end; (PcMer) 

( .................................... ) 
function Field( A: NonNegInteger): MaxField; 

{ retums field fonnat 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); 

end; ( Locate ) 

( .................................... ) 
procedure Decode (statePairPosition: StatePairSeries; 

var Firststate,SecondState: states); 
( this procedure gets a state pair position in the series of ordered ) 
( state pairs and COllpUtes the constitutive elements (First,SecondState» 

var InversePosition {of statePair} : 1 •• statePairPositionRange; 
Size {of the set of statePairs with same Firststate} : o .. stateRange; 

begin 

InversePosition := statePairPositionRange - statePairPosition +1; 
Size := 0; 
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Firststate := StateRange - Size; 
SecondState := statePairPosition + 

(Firststate* (Firststate +1» div(2) -
StateRange*(Firststate -1); 

end; { Decode } 

{ .................................... } 
procedure Decxx:leInp (InputPairPosition: InputPairSeries; 

var FirstPattem,SecondPattern: Inputseries); 
{ this procedure gets a input pair position in the series of ordered } 
{ input pairs and computes the constitutive elenents (First,SecPattem) } 

var InversePosition {of InputPair in the series} : InputPairSeries; 
Size: o .. InputPatternRange; 

begin 

InversePosition := InputPairPositionRange - InputPairPosition +1; 

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

FirstPattem := InputPatternRange - Size; 
SecondPattem := InputPairPosition + 

(FirstPattem*(FirstPattem +1) )div(2) -
InputPatternRange*(FirstPattern -1); 

end; { Decxx:leInp } 

{ ......................................................................... } 

procedure QuickSort( var Item : Vectorcounter; 
var Locus: VectoIStatePairPosition); 

{ this is the quick sort algorithm for sorting list Item and preserve } 
{ the previous correspondingly statePairPosition in Locus. } 

var Left, Right: StatePaiISeries; 

procedure QS( var Item : Vectorcounter; 
var Locus : VectoIStatePairPosition; 
Left, Right: statePaiISeries); 

{ 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 := I +1; 
while (X > Item[J])and(J > Left) do J := J -1; 
if I <= J then 

begin 
Y := Item [ ]; L := Locus[I]; 
Item[I) := Item[J); Locus [I) := Locus[J]; 
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end; 

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

if (Left < J) then QS(Item,I=us,Left,J); 
if (I < Right) then QS(Item,I=us,I,Right) ; 

end; { QS } 

begin { protocol } 

Left :=1; Right := statePairPositionRange; 

QS(Item,I=us,Left,Right) ; 

end; { QuickSort } 

{ ................................ } 

procedure ShortQuickSort( var Item : VectorCountel:MNSC; 
var I=us: VectorStatePairPosMNsC); 

var Left,Right: MNSCSeries; 

procedure QS ( var Item : VectorCounterMNSC; 
var I=us : vectorStatePairPosMNSC; 
Left,Right: MNSCSeries); 

{ recursive algorithm } 

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

begin 

I := Left; J := Right; 
X := Item[ (Left+Right)cliv(2)]; 
mile I <= J do 

begin 
mile (Item[I] > X)and(I < Right) do I := I +1; 
mile (X > Item[J])and(J > Left) do J := J -1; 
if I <= J then 

end; 

begin 
Y := Item[I]; L := I=us[I]; 

Item[I] := Item[J]; I=us[I] := Locus[J]; 
Item[J] := Y: Locus[J] := L; 
I := I +1; J := J -1; 

end; 

if (Left < J) then QS (Item, I=us,Left,J) ; 
if (I < Right) then QS(Item,I=us,I,Right); 

end; { QS } 

begin ( protocol 

Left :=1; Right := MNSC; 

QS(Item,Locus,Left,Right); 

end; { ShortQuickSort } 
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62 program 

{#########################################################################} 

{ PR!XEIXJRES } 

{#########################################################################} 

procedure GetReferenceTiroe; 

{ ................................. } 

begin 
cal $get local tiroe(cl=k}; 
reCsec := cal::::$cl=k_to_sec(cl=k); 
M:M sec := 0; 

end; 

{#########################################################################} 

procedure GetFrimitiveData; 

{ ................................. } 

var VectorInput: VectorInputDef; 
VectoJ:Output: VectoJ:OutputDef; 

var Presentstate: states; 
Nextstate: Nextstates; 
InputPattern, Existinglnputl'atterns: 1 .. InputPatteJ:nRan;Je; 
OUtputl'attern, ExistingOUtputl'atterns: 1 .• OUtputl'atteJ:nRan;Je; 

var IBit: 1. • InputBitRange; oBit: 1. .OUtputBitRange; 

var Equivalence: boolean; 
Item: NOnNegInteger; 

{ ................................. } 
begin 

{ initial conditions } 
for Item :=1 to OUtputBitRange do 

OUtputMatr:ixDef[l,Item] := 2; 
ExistingOUtputFatterns : = 1; ( dont care label ) 
for Item :=1 to InputBitRange do 

InputMatr:ixDef[l, Item] := 2; 
ExistingInputl'atterns := 1; (dont care label ) 
for Presentstate :=1 to stateRan::le do 
for Item :=1 to Inputl'atteJ:nRan;Je do 
begin 

NextstateTable[Presentstate,Item] := -1; not allowed next_state} 
OUtputTable[Presentstate,Item] := 1; dont cares } 

end; 

{ open file •.. } 

open(Primitiveoata,DataFile,'OLD',statrec.a11); 
if statrec.all=O then reset(PrimitiveData} 
else writeln( 'There is no file named ',Datafile); 



program 

{ receive data ... } 
while not eof(PrimitiVeData) do 

begin 

for IBit :=1 to InputBitRange do 
begin read(PrimitiveData,Bit);VectorInput[IBit]:=Bit end; 

read(PrimitiveData,Presentstate) ;read(PrimitiveData,Nextstate) ; 
for oBit :=1 to outputBitRange do 

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

Item :=0; 
repeat 

Item := Item +1; 
Equivalence := true; 
for IBit :=1 to InputBitRange do 

begin 
Equivalence := (EquiValenoe)and 

(VectorInput[Ibit] = InputMatrixDef[Item,IBit]) 
end; 

until (Item = ExistingInputPattems) or Equivalence 
if Equivalence then InputFattem := Item 
else 

begin 
ExistingInputFatterns := ExistingInputFatterns +1; 
InputFattem := ExistingInputFatterns; 
for IBit := 1 to InputBitRange do 

InputMatrixDef[InputFattem,IBit] := VectorInput[Ibit]; 
end; 

Item :=0; 
repeat 

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

for OBit :=1 to OUtputBitRange do 
begin 

Equivalenoe :=(Equivalenoe)and 
(VectorOutput[OBit] = outputMatrixDef[Item,OBit]); 

end; 

until (Item = ExistingOUtputFattems) or Equivalence ; 
if Equivalenoe then outputFattem := Item 
else 

begin 
ExistingOUtputFattems : = ExistingoutputPatterns +1; 
outputFattem := Existi.n3OUtputPatterns; 
for OBit := 1 to OUtputBitRange do 

outputMatrixDef[OUtputPattem,OBit] := VectorOutput[Obit] ; 
end; 

Nextstate'I'able[Presentstate, InPUtFattem] : = Nextstate; 
OUtputTable[Presentstate,InputPattem] := OUtputFattem; 

end; ( reoeive data 

close(PrimitiveData); 

end; { GetPrimitiveData } 
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64 program 

(#########################################################################) 

procedure Co!'r[lUteInputstateAdjacencyConditions; 

( ................................. ) 

var BookeclSubspacesList, SUbspacesWaitingList: MatrixList; 

var Co:incMatrixA,Co:incMatrixB:array[Inputseries] of vectorInputDef; 
Virginity: array [statePairSeries] of boolean; 

var VectorPoint: VectorInputDef; 

var Presentstate,stateA,stateB: states; 
NextstateA,NextstateB: Nextstates; 
statePairPosition: statePairSeries; 
PatternA,PatternB: Inputseries ; 
InputPairPosition: InputPairSeries; 

var Mismatching,D-lbbleX: InputBitMatching; 
Item: NonNegInteger; 

{ ................................. } 

procedure CoIrpareBitByBitInput(PatternA,PatternB: Inputseries; 
var Mismatching: InputBitMatching; 
var D-lbbleX: InputBitMatching); 

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

begin 

Mismatching := 0; D-lbbleX := 0; 

for Item :=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 
D-lbbleX := D-lbbleX +1; 

end; 

end; { CoIrpare Input } 

{ I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I } 

procedure FullInInputstatecoincidenceMatrix; 

var NextstateT: Nextstates; 



program 

InputPatterrt: InpUtSeries; 

( VectorPoint = vector input patterrt definition with don 't care bits ) 

begin 

for InputPatterrt :=1 to InputPatternRan::Je do 
begin 

NextStater := NextStateTable [PresentState, InputPatterrt] ; 
if (NextStater = NextStateA) then 

begin 
CoincMatrixA(InputPatterrt] := InputMatrixDef[InputPattern]; 
CoincMatrixB[InputPatterrt] := VectorPoint; 

end 
else 

end; 

if (NextStater = NextStateB) then 
begin 

CoincMatrixB[IrwutPatterrt] := InputMatrixDef[InputPatterrt]; 
CoincMatrixA(InputPatterrt] : = VectorPoint; 

end 
else 

begin 
CoincMatrixA [InputPatterrt] := VectorPoint; 
Coinc:MatrixB[InputPatterrt] := VectorPoint; 

end; 

end; ( full in CoincidenceMatrix ) 

( I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I ) 

procedure GenerateAll virtualSUbspaoes; 
( builts and stores subspaoes ) 

var SUbspaceJ': VectorlnputDef; 

{ .................................... } 

procedure RecursiveCreation ( IBit: InputBitseries; 
var Subspacex~ VectorlnputDef ); 

var IBitAux: InputBitseries; 
BitA,BitB: Bits; 

procedure Testsequence; 
begin 

if IBitAux = InputBitRange then 
PUshVector(SUbspaceX,SUbspaoeswaitingList) 

else 
begin 

IBitAux := IBitAux +1; 
RecursiveCreation (IBitAux, 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 := coincMatrixA[PatternA] [IBitAux); 
BitE := coincMatrixB[PatternB] [IBitAux) ; 

if (BitA = BitE) then 
begin SUbspaceX[IBitAux) := BitA; Testsequence erxl. 

else 
if (BitA <> 2)and(BitE <> 2) then 

begin SUbspaceX[IBitAux) := 2; Testsequence erxl. 

else 
if (BitA = 2) then 

begin 
SUbspaceX[IBitAux) := BitE; Testsequence; 
SUbspaceX[IBitAux) := 2; Testsequence; 

erxl. 
else 

begin 
SUbspaceX[IBitAux) := BitA; Testsequence; 
SUbspaceX[IBitAux) := 2; Testsequence; 

erxl.; 

erxl.; ( recursive algorithm ) 

{ ...................................... } 

begin { generation } 

SubspacesWaitingList := nil; 

for PatternA : = 1 to InputPatternRange do 
if CoincMatrixA[PatternA] <> VectorPoint then 

for PatternB := 1 to InputPatternRange do 
if CoincMatrixB[PatternB] <> VectorPoint then 

RecursiveCreation(l,SUbspaceT); { initial conditions } 

erxl.; { generate } 

( 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1 ) 

procedure KeepOnlyActualSUbspaces; 

var EigenVectorsList: MatrixList; 

var SUbspaceFocus: VectorlnputDef; 

var orthogonality: boolean; 

{ ..................................... } 

procedure F\JllInEigenVectorsSet; 

var Nextstater: Nextstates; 
InputPattern: Inputseries; 
IBit: InputEitseries; 
BitA,BitE: Bits; 

var EigenVectorAuX: VectorlnputDef; 
Correlation: boolean; 

begin 

program 



program 

EigenvectorsList := nil; 

for Inputl>attem :=1 to Inputl>atternRange do 
begin 

Nextstater := Nextstaterable[PresentState, Inputl>attem] ; 
if (Nextstater = NextstateA) or 

(Nextstater = NextstateB) or 
(Nextstater = 0 {dontcare}) then 

begin 
Correlation := true; 
for IBit := 1 to InputBitRange do 

begin 
BitA := InputMatrixDef[Inputl>attern] [IBit] 
BitB := SubspaceF=us[IBit]; 
if BitA = BitB then 

EigenVectorAux[IBit] := BitA 
else 

end; 

if (BitA = 2) then 
EigenVectorAux[IBit] := BitB 

else 
if (BitB = 2) then 

EigenVectorAux[IBit] := BitA 
else { BitA <> BitB } 

Correlation := false; 

if Correlation then 
PushVector (EigenvectorAux, EigenVectorsList) ; 

end; 
end; 

end; { full in eigen _vectors } 

{ ..................................... } 

procedure CbeckBaseOrthogonality; 

var FUtureEigenvectorsList: MatrixList; 
EigenvectorsWaitingList: MatrixList; 

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

var cancelationsIn, cancelationsOut, Interncancelations : NonNegInteger ; 
Mismatching: InputBitMatching; 
Contraction: boolean; 

var BitA,BitB : Bits; 
IBit: InputBitseries; 

begin 

FutureEigenvectorsList := nil; EigenVectorsWaitingList: = nil; 
canoelationsOut := 0; 

repeat 

cancelationsln : = cancelationsOut; Intemcancelations := 0; 

while EigenVectorsList <> nil do 
begin 
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68 program 

POpVector(EigenvectorA,EigenVectorsList) ;Contraction := false; 

Ylhile (EigenVectorsList <> nil)and(not Contraction) do 
begin 

POpvector(EigenVectorB, EigenvectorsList) ; 
Mismatching := 0; 
for IBit :=1 to InputBitRan;Je do 

begin 
BitA := EigenVectorA[IBit] ;BitB := EigenVectorB[IBit]; 
if (BitA <> BitB) then Mismatching := Mismatching +1; 

em; 

if Mismatching =1 then ( execute contraction ) 
begin 

for IBit := 1 to InputBitRan;Je do 
begin 

BitA:= EigenVectorA[IBit];BitB:=EigenVectorB[IBit]; 
if BitA = BitB then EigenVectorAuX[IBit] := BitA 
else EigenvectorAuX[IBit] := 2; 

em; 
Contraction := true;Increment(Interncancelations) ; 
PushVector (EigenVectorAuX, FUtureEigenvectorsList) ; 

em 
else 

begin 
EigenvectorAuX := EigenVectorB; 
PushVector (EigenVectorAuX, EigenvectorsWaitingList) ; 

em; 

em; { EigenVectorsList nil or =ntraction } 

if (not Contraction) then 
PushVector(EigenVectorA, FUtureEigenvectorsList) ; 

Ylhile EigenvectorsWaitingList <> nil do 
begin 

POpVector(EigenVectorAux, EigenVectorsWaitingList) ; 
PushVector(EigenVectorAuX,EigenvectorsList) ; 

em; 

em; { EigenVectorsList and WaitingList are enpty } 

{ full in main list again } 

Ylhile FUtureEigenVectorsList <> nil do 
begin 

POpVector (EigenVectorAuX, FUtureEigenvectorsList) ; 
PushVector (EigenVectorAuX, EigenVectorsList) ; 

em; 

cancelationsOut := cancelationsln + Interncancelations; 

until cancelationsIn = cancelationsOut; 

{ EigenVectorsList has nCM subspace definitions ..........•........ } 



program 

orthogonality := false; 
while (EigenVectorsList <> nil)and(not orthogonality)do 

begin 
Popvector (SUbspaCE!r, EigenVectcrsList) ; 
if (SUbspaCE!r = SUbspaceFocus) then Orthogonality := true; 

ern; 

assure empty eigen_vectors list ...•••••••.••••••...••..•..•..•.. } 

while EigenvectcrsList <> nil do 
Popvector(SUbspaCE!r, EigenVectcrsList) ; 

ern; { check orthogonality } 

{ ............................... } 

begin { check subspace existance } 

BookeclSubspacesList := nil; 

while SUbspacesWaitingList <> nil do 
begin 

PopVector (SUbspaceFocus, SUbspacesWaitingList) ; 
FullInEigenVectorsset; 
ClleckBaseOrthogonality ; 
if orthogonality then 

PushVector(SUbspaceFOCUS,BookedSubspacesList)·; 
ern; 

ern; { keep only real subspaces } 

{ I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I } 

procedure DetectPossibleInputStateAdjacencies; 

var ExclusiveList: MatrixList; 
updatedExclusiveList, StanclByList: Matr:ixList; 
WorkingListz, WorkingListW: Matr:ixList; 

var SUbspaCE!r: VectorInputDef; 
SUbspaceA, SUbspaceB: VectorInputDef; 
Possiblelldjacencies: InputBitMatching; 

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

var BitA,BitB : Bits; 
DilnensiOnA, DilnensionB,Mismatching: InputBitMatching; 
Item: InputBitseries; 

{ ..................................... } 

begin 

{ full in working list for future information .•••..•••...•••.....•• } 
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WorkingListz := nil; WorkingListw := nil; 
while BookedSubspacesList <> nil do 

begin 
PopVector(SubspaceT, BookedSubspacesList) ; 
PUshVector (SubspaceT ,workingListW) ; 

end; 
while workingListW <> nil do 

begin 
PopVector (SubspaceT, WorkingListW) ; 
PUshVector (SubspaceT, BookedSubspacesList) ; 
PUshVector(SubspaceT,WorkingListz) ; 

end; 

program 

{ fram booked subspaces keep only mutually exclusive ones •.••••••••• } 

while BookedSubspacesList <> nil do 
begin 

ExclusiveList := nil; 
PopVector(SubspaceA,BookedSubspacesList) ; 
PUshVector(SubspaceA,ExclusiveList) ; 

{ look for exclusive subspaces to SubspaceA •••...•••••••••...•• } 

lNhile (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) arx:l 

end; 

(not«BitA = 2)or(BitB = 2») then 
Mismatching : = Mismatching +1; 

if (Mismat:chi.n:J <> 0) then { exclusive sets } 
PUshVector(SubspaceB,ExclusiveList) ; 

end; {WorkingListz is empty } 

{ update exclusive list •...••••••••.•..•.••••••.•.•••••••.... } 

standByList := nil; UpdatedExclusiveList := nil; 
InclusionsOut := 0; 

repeat 

InclusionsIn := InclusionsOut; InternInclusions := 0; 

lNhile ExclusiveList <> nil do 
begin 

PopVector(SubspaceA,ExclusiveList); contraction := false; 

lNhile (ExclusiveList <> nil)arx:l(not Contraction) do 
begin 



program 

POpVector(SUbspaceB,ExclusiveList) ; 
Mismatching := 0; DimensionA := 0; DimensionB := 0; 

for Item := 1 to InputBitRange do 
begin 

BitA:=SubspaceA[Item] ;BitB:=SubspaceB[Item] ; 
if (BitA <> BitB) an::l 

(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 >= DimensionB then 
PushVector(SUbspaceA, UpdatedExclusiveList) 

else PushVector(SUbspaceB, UpdatedExclusiveList) ; 
Contraction := true;Incrernent(InternInclusions); 

end 
else ( store infonnation ) 

PushVector (SUbspaceB, StandByList) ; 

end; { exclusive list is enpty or contraction } 

if not Contraction then 
PushVector(SUbspaceA,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 ••..•••••.....•....... } 

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 ..••..•••...••...•......... } 
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if Possible1ldjacencies > Adjacencies then 
Adjacencies := Possible1ldjacencies; 

program 

{ full in WorkingListZ again with all subspace definitions } 
{ aimind future infonnation ..••••••••.••••••••...•••.••••••.. } 

while (WorkingListw <> nil) do 
begin 

Popvector(SUbspaceT, workingListW) ; 
PushVector(SUbspaceT, WorkingListz) ; 

end; 

end; { booked subspaces list is empty •••.•••..••.•••••••••••••••• } 

{ assure empty WorkingListz } 

while WorkingListz <> nil do 
PopVector (SUbspaceT ,WorkingListZ) ; 

end; { Detect possible adjacencies } 

{ I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I } 

begin { protocol input_state adjacency conditions } 

for Item :=1 to statePairPositionRange do VectorInputstate[Item] :=0; 
for Item :=1 to InputBitRange do vectorPoint[Item) := 2; { only d.c. } 

{ first check input binary correlation •••..•...•••.••...••...•.•..... } 
writeln; 
write ( 'conputing input pattern correlation •• '); 

for Item := 1 to InputFatternRange do 
begin 

PatternA := Item; 
CompareBitByBitInput(PatternA,PatternA,Mismatching,OlbbleX) ; 

with VectorInputAutocorrelation[PatternA) do 
begin Afinity := O;[)]bbleCross := OlbbleX end; 

end; 

for InputFairPosition :=1 to InputFairPositionRange do 
begin 

CecodeInp (InputFairPosition, PatternA, PatternB) ; 
CompareBitByBitInput (PatternA, PatternB,Mismatching, D.lbbleX) ; 

with VectorInputOorrelation[InputFairPosition) do 
begin 

if Mismatching = a then Afinity := a 
else 

if Mismatching = 1 then Afinity := I 
else Afinity := 2; 

OlbbleCross := [)]bbleX; 



program 

errl; 

errl; 

{ now oampute adjacency conditions .•••.•....•......•.......•......... } 

writeln; 

for Presentstate :=1 to stateRan:je do 

begin 

writeln; 

write ( 'c;orrputing input-state adj com. 
write (Presentstate:3, , /' ,sta1:eRame:3); 

step:') ; 

for Item := 1 to statePairIlositionRarqe do Virginity[Item) := true; 

for InputPairIlosition :=1 to InputPairIlositionRange do 
begin 

errl; 

DecodeInp(InputPairIlosition,PatternA,PatternB) ; 
NextstateA := Nextstaterable [Presentstate, Patte:rnA) ; 
NextstateB : = Nextstaterable[Presentstate, PatternB) ; 

if (NextstateA <> NextstateB) 
arrl(NextstateA > O)arrl(NextstateB > 0) then 
begin 

stateA:= NextstateA; stateB := NextstateB; 
Order(StateA,stateB) ; 
IDeate (stateA, stateB, statePairPosition) ; 
if Virginity(statePairIlosition] then 
begin 

FUllInInputstatecoincidenceMatrix; 
GenerateAll VirtualSUbspaces; 
Keep:lnlyActualSUbspaces; 
Adjacencies := 0; 
Detect:Il::lssibleInputstateAdjacencies; 
AddTo(VectorInputState[StatePairIlosition),Adjacencies); 
Virginity (statePairIlosi tion) : = false; 

errl; 

errl; 

errl; 

errl; { input-state adjacency comitions } 

{#########################################################################} 

procedure Cc:JnplteOutputstateAdjacencycorrlitions; 

{ ................................. } 
var statePairIlosition: statePairSeries; 

InputPairIlosition: InputPairSeries; 
InputPattern, InpPatternA, InpPatternB: Inputseries; 
stateA,stateB,StateP: states; 
NextstateA,NextstateB: Nextstates; 
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PatteJ:nA, PatternB: OUtputseries; 

var Matc:h:in:3',xx: NonNegInteger; 

{ .................................. } 

procedure countPosslbleOutputStatel\djacencies; 

procedure CompareBitByBitOUtput(PatteJ:nA,PatternB: outputseries; 
var Matc:h:in:3': NonNegInteger); 

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

begin 
Matc:h:in:3' : = 0; 
for Item :=1 to OUtputBitRange do 

begin 
BitA := outputMatrixDef[PatternA,Item]; 
BitB := outputMatrixDef[PatternB,Item]; 
if «BitA = BitB) or (BitA = 2) or (BitB = 2» then 

Matching := Matching +1; 
end; 

end; { Conpare outPut } 

begin 

if (NextstateA > 0) and (NextstateB > 0) then 
begin 

PatternA := outputrable[stateA,InputPattern]; 
PatternB := OUtputrable[stateB, InputPattern] ; 
CompareBitByBitoutput(PatternA,PatternB,Matching) ; 
VectorOUtputstate [StatePairPosition] := 

program 

VectorOUtputstate [StatePairPosition] + Matching*Adjacencies; 
end; 

end; { count adj } 

{ .................................. } 

begin { protocol } 

writeln;writeln; 
write ( '=mputing output-state adj =00. 
write (1: 3, ' /' ,StateRange:3); 

step:') ; 

for Item :=1 to statePairPositionRange do VectorOUtputstate[Item] :=0; 

stateP := stateRange; 
for statePairPosition :=1 to statePairPositiOnRange do 

begin 

Decode(StatePairPosition,stateA,stateB); 

if stateP <> stateA then 
begin 

stateP := stateA; 
writeln; 



program 

write ( 'computing output-state adj condo 
write(stateP +1:3,' /' , StateRange: 3) ; 

end; 

step:'); 

for Inputl>attem := 1 to Inputl>atternRange do 

begin 

XX := VectorlnputAutocorrelation[Inputl>attern) .Olbble<:ross; 
Adjacencies := Pawer(XX); 

NextstateA :=NextstateTable [stateA, Inputl>attem) ; 
NextstateB :=NextstateTable [stateB, Inputl>attern) ; 
Countl'ossibleOutputStateAdjacencies; 

end; 

for Inputl>airPosition :=1 to Inputl>airPositionRange do 
if vectorInputCorrelation[Inputl>airPosition).Afinity = 0 then 

begin 

XX :=vectorInputCorrelation [Inputl>airPosition] . [)]bble<:ross; 

Adjacencies := PcMer(XX); 

DecodeInp(Inputl>airPosition, InpPattemA, InpPatternB) ; 

NextstateA := NextstateTable[stateA,InpPatternA]; 
NextstateB := NextstateTable[StateB,InpPatternB); 
Countl'ossibleautputStateAdjacencies; 

NextstateA := NextstateTable[stateA,InpPatternB); 
NextstateB := NextStateTable[StateB, InpPatternA) ; 
Countl'ossibleDutputstateAdjacencies ; 

end; 

end; 

end; { output-state adjacency oonditions 

{#########################################################################} 

procecb Ire ConputePresentstateNextStateAdjacencyConditions; 
( this procedure also combines adjacency oonditions and gives an ) 
{ estimation of the total number of adjacencies for each state pair} 

{ ................................. } 

var vectorLineAux: vectorCounter; 
VectorLocusAux: vectorStatePairPosition; 

var statePairPosition: statePairSeries; 
NextstatePairPosition: statePairSeries; 
InputPairPosition: InputPairSeries; 
Inputl>attern, PattemA, PattemB: Inputseries; 
stateA,stateB,statez,stateW,stateP: States; 
NextstateA,NextstateB: Nextstates; 
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var Item,XX: NonNegInteger; 
Counter: 0 .. statePairPositionRange; 
Admission: boolean; 

{ .................................. } 

procedure CountPossiblePresStNextst:Adjacencies; 

var statez,statew: states; 

begin 

if «NextstateA > O)arrl(NextstateB >= O»or 
«NextstateA >= O)arrl(NextstateB > 0» then 
if (NextstateA = NextstateB) or 

(NextstateA = 0) or (NextstateB = 0) then 
AddI'o (VectorlJontcare [statePairPosition 1 ,Adjacencies) 

else { NextstateA <> NextstateB <> 0 } 
begin 

statez:= NextstateA;stateW := NextstateB; 
Order(statez,stateW) ; 
Locate(Statez,StateW,NextstatePairPosition); 
AddI'o(VectorLineAux[NextstatePairPosition],Adjacencies); 

end; 

end; { count adj } 

program 



program 

{ .................................. } 

begin { protocol } 

{ reset initial =nditions for dont-cares } 
for Item :=1 to statePairPositionRange do 

begin 
VectorDontcare[Item] :=0; 

errl; 

{ combine possible adj acencies for each state pair ••••.••••.....•.•.. } 

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; VectorlDCUSAUX[Item] := Item errl; 

{ compute present-state--next-state adjacency =nditions } 

Decode(StatePairPosition,stateA,stateB) ; 

if stateP <> stateA then 
begin 

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

errl; 

for Inputl>attern :=1 to Inputl>atternRange do 
begin 

xx := VectorInputAutoCorrelation[Inputl>attern].D..lbbleCross; 
Adjacencies := Power(XX); 

NextStateA := NextStateTable[stateA, Inputl>attern]; 
NextStateB := NextStateTable[stateB,Inputl>attern]; 
CountPossiblePresStNextStAdjacencies ; 

errl; 

for Inputl>airPosition :=1 to Inputl>airPositionRange do 
if vectorInputCorrelation[Inputl>airPosition].Afinity = 0 then 

begin 

xx : =VectorInputCorrelation[Inputl>airPosition] . DlbbleCross; 
Adjacencies := Power(XX); 
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DecodeInp(InputFairPosition,PatternA,PatternB); 

NextstateA := NextstateTable[StateA,PatternA]; 
NextstateB := NextstateTable[StateB,PatternB]; 
CountFossiblePresStNextstAdjacencies; 

NextstateA := NextstateTable[StateA,PatternB]; 
NextstateB := NextstateTable[StateB, PatternA] ; 
Coun1:PossiblePresStNextstAdjacencies ; 

end; 

program 

{ c::onpute independent! y reached combined adj acencies .••....•••••. } 

VeptorUnconditional[StatePairPosition] := 
PartitionRange*VectorDontCare [statePairPosition] + 
(PartitionRange -1) *VectorLineAux[StatePairPosition] + 
(PartitionRange -1)*VectorInputstate[StatePairPosition] + 
vectorOutputstate [statePairPosition] ; 

{ compute combined adjacencies conditional to block placement , .. } 
{ taking into a=unt present-state-next-state and input-state .. } 
{ dependencies .•••...••••..••...••••........•..•••..••••..•••.... } 

for Item :=1 to statePairPositiOnRange do 
if VectorLineAux(Item] > 0 then 

VectorLineAux(Item] := VectorLineAux(Item] + 
VectorInputstate( Item] ; 

{ sort rnnnber of combined conditional adjacencies .••....••...••.• } 

VectorLineAux[StatePairPosition] := 0; (already updated ) 
QuickSort (VectorLineAux, VectorLocusAux) ; 

{ store in ConditionalTable only the necessary priorities .....•... } 

OonditionalTable[StatePairPosition] := nil; 
ConditionalAdjacencies[statePairPosition] := nil; 
SUmAdjacencies := 0; 

for Counter := 1 to MNSC do 

begin 

Item := VectorLocusAux(Counter]; 
Push(Item,ConditionalTable[statePairPosition]); 

Item := trunc(VectorLineAux[Counter]) ; 
Push(Item,OonditionalAdjacencies[statePairPosition]); 
SlllllAdjacencies := SUmAdjacencies + Item; 

end; 

{ estimation of the total number of adj acencies ••....... } 

VectorEstimationTOtal[statePairPosition] := 
vectorUnconditional[statePairPosition] + MNP*SUmAdjacencies; 



program 

end; 

{ ................................ } 

end; { COroputecombinedAdjacencies } 

{#########################################################################} 

procedure SortPriorities; 
{ this procedure orders the state pair priorities 

{ ................................. } 

var VectorAux: Vectorcounter; 
VectorI.ocusAux: vectorstatePairPosition; 

var Counter: 1. .statePairPositioJ"lRan;Je; 

begin 

writeln;writeln;writeln( 'shaping priorities •. '); 
writeln;writeln(' ... ');writeln; 

for Counter := 1 to statePairPositionRange do 
begin 

VectorIDcusAux[Counter] := Counter; 
VectorAux[Counter] := vectorEstiInatiortIbtal[Counter] ; 

end; 

QuickSort (VectorAux, VectorI.ocusAux) ; 

for Counter := 1 to StatePairPositiOnRange do 
vectorPriority[Counter] := vectorLocusAux[Counter]; 

end; { sort priorities } 

{#########################################################################} 
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{ procedures related to GenerateFinalFamiliesOfFartitionsBasedOnPriorities:} 

( I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I ) 

procedure BuiltFinalFamilyOfFartitions; . 

var ReferencePosition,ConditionalPair: statePairSeries; 
PriorityHeadAux: statePairseries; 
stateA,stateB,stateZ,statew: states; 

var Item: NonNegInteger; 
LocationAux,Counter: O •. StatePairPositionRange; 
Admission,Adjacentstates: boolean; 

var VectorlDcus: array[1. .MNSC] of NOnNegInteger; 
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(::::::::::::::::::::::::::::::::::::::::::::::::::::) 

pr=edure MakeLinkForStatePair; 

var COnditionalPai~: statePairSeries; 

var stateA,StateB: states; 

var AdjX,AdjY: o .. PartitionRange; 
Partition: Partitionseries; 

( ................................................. ) 
pr=edure IookForQlTerlapping; 

var Item: o .. stateRange; 
state: states; 
Admission: boolean; 

begin 

Admission := false;Item := 0; 
repeat 

Item :=Item +1; state := Item; 
if (state in FFPStateMernbership) and 

(ReachedAdjacencies [state] < PartitionRange) then 
begin stateX := state; Admission := true end; 

until Admission; 

stateY := statez; order(stateX,stateY); 
Locate (StateX,StateY ,COnditionalPair) ; 

end; (look overlapping) 

( ..................................................... ) 

pr=edure storeStatePair; 
( COnditionalPair; stateX,stateY ) 

var state: states; 
Partition: 1 •. PartitionRange; 

( ................................... ) 
pr=edure InsertStatePairInAllBlocksOfFFP; 
{ the state pair (X, Y) is supposed to be inserted together ) 

var Item: NonNegInteger; 

( ............................ ) 
pr=edure Join(stateW,statez : states; 

var FFP: FamilyOfFroperPartitions); 

program 

this procedure inserts statew in all the blocks including statez) 

var Item : 1 .. PartitionRange; 

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

begin 



program 

if StateZ in B10ckA then BlockA := BlockA + [StateW) 
else BlockB:= BlockB + [StateW); 

end; 
end; { Join } 

{ ........................... } 

begin { insertion state pair (X, Y) 

{ there are two possibilities : •.••.•....••••....••......•••.....•• l 

if (statex in FFPStateMembership)am 
(not(StateY in FFPStateMernbership» then 

Option :=1 
else { 

if (not (statex in FFPStateMembership» am 
(StateY in FFPStateMembership) then} 

Option :=2 ; 

after choosing .........••••..•.....•••••....••••.••••••.•••••... } 

case Option of 

1: { insert stateY in the partitions } 
begin 

Join(StateY,Statex,FFP); 
FFPStateMembership := FFPStateMembership + [stateY) ; 
NumberOfstateMembers := NumberOfstateMembers +1; 

end; 

2: { insert statex in the partitions } 
begin 

Join(Statex,stateY,FFP) ; 
FFPStateMembership := FFPStateMernbership + [statex) ; 
NumberOfStateMembers : = NumberOfStateMembers +1; 

end; 

end; { case } 

{ update status ...........••.•.......•.••....•••...•••..••.•..... } 

SetofAdjstates(stateX] := SetofAdjstates(statex] + [stateY); 
setOfAdjstates[stateYj := setofAdjstates(stateY] + [statex); 
Increment (ReacheclAdjacencies [Statex) ; 
Increment (ReacheclAdjacencies [StateY) ) ; 

end; { insertion state pair} 

{ ............................................ } 

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

{ .................................. } 

procedure SelectFor(state: States; 
var BestBlock: Bloc:kRange; 
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var BestPartition : PartitiOn.5eries); 
( 'Ihe partition with the block including the setoflldjstates[state)} 

var Item: 1 .• PartitiohRange; 

begin 
for Item := PartitiOhRange downto 1 do with FFP[Item) do 

begin 

if (Setoflldjstates[State) <= B1ockA) then 
begin BestPartition := Item; BestB10ck := 1 end 

else 
begin 

if SetoflldjStates[state) <= BlockB then 
begin BestPartition := Item; BestBlock := 2 end 

else; { try another partition } 
end; 

end; 

end; { Select } 

{ .................................. } 

procedure Divorce(state: states; 
ChoosedB1ock : B1oc:kRarge; 
var PartialPartition : ProperPartition); 

begin 
with PartialPartition do 

begin 
if ChoosedBlock = 1 then 

begin 
BlockA := BlockA - [state); B10ckB := BlockB + [state); 

end 
else 

end; 

begin 
BlockB := BlockB - [state); Blcx::kA := Blcx::kA + [state); 

end; 

end; { Divorce } 

{ .................................. } 

begin { divorce prot=ol } 

case Option of 

1: begin {stateX is supposed to stay untouched } 
Se1ectFor(stateX,BestB1ock,BestPartition); 
Divorce(stateY,BestB1ock,FFP[BestPartition); 

end; 

2: begin {stateY is supposed to stay untouched } 
Se1ectFor(StateY,BestB1ock,BestPartition); 
Divorce(stateX,BestBlock,FFP[BestFartition); 

end; 

end; { case } 

{ stateY is divorced from StateX once} 

end; { divorce procedure} 



program 

{ ...................................... } 

procedure UpdateStat.eAdjacencies: 
{ by construction 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 statez in FFPStateMembership then 

for statew :=1 to StateRange do 
if statew in FFPStateMembership then 

if not(StateW in SetOfAdjstates[statez]) 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 
([stateA,stateB] <= BlockB) then 

Matching := Matching +1; 
if Matching = (PartitionRange -1) then 

begin 

end; 

SetofAdjStates(statez] := 
SetofAdjstates[Statez] + [statew]; 

Increment (Reac:hedAdjacencies [Statez] ) ; 
end; 

end; { Updat.eAdjacencies } 

{ .................................... } 

begin { protocol store } 

{ state pair under =nsideration is stateX, Statey } 

InsertStatePairlnAllBlocksOfFFP ; 
DivoroeStatePair ; 
UpdateStat.eAdjacencies ; 

end; {store state pair} 

{ ................................................. } 

begin { proto=l MakeLink } 

Decode(ConditionalPair,stateX,statey); 
AdjX := ReachedAdjacencies[stateX]; 
Adjy := ReachedAdjacencies[statey]; 
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if «AdjX < PartitionRarge)and(AdjX <> O)and(AdjY = Ollor 
«AdjY < PartitionRarge)and(AdjY <> O)and(AdjX = oll then 

begin storeStatePair em 

else 

if «AdjX = O)and(AdjY = Oll then 

begin 

stateA := stateX; stateB := stateY; 
ConditionalPairTernp := CorrlitionalPair; 

statez := stateA; 
lDokForOverlapp:in:J; storeStatePair; 

if ReachedAdjacencies[stateA) < PartitionRarge then 
begin 

stateX := stateA; stateY := stateB; 
Con::litionalPair := CorrlitionalPaiI:'I'enp; 
storeStatePair; 

em 

else 
begin 

else 

statez := stateB; 
LookForOverlapp:in:J; storeStatePair; 

em; 

if «AdjX = PartitionRarge)and(AdjY = 0) lor 
«AdjY = PartitionRarge)and(Adjx = 0» then 

begin 

else 

stateA := stateX; stateB := stateY; 
if AdjX = PartitionRarge then statez := stateB 
else statez := stateA; 
LookForOverlapp:in:J; StoreStatePair; 

if (AdjX <> O)and(AdjY <> 0) then {do noth:in:J } 
else 

begin 
writeln (' logic error ... ') ; 
writeln( I AdjX : I ,AdjX, I AdjY: I ,AdjY) ; 
while true do; 

em; 

em; { make link } 

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,statey] <= BlockA}or([StateX,statey] <= BlockB) then 

Matchin;J := Matching +1; 

if Matching = (PartitionRange -1) then Adjacentstates := true; 

end; { detect } 

I:::::::::::::::::::::::::::::::::::::::::::::::::::::} 

procedure FUllInVectorAuxiliaxWithConditionalPairs; 
{ following ReferencePosition } 

{ ................................ } 

var WaitingListAdj, WaitingList.Pos: stackPointer; 

var lteml\dj, ltemPos: NonNegInteger; 

Sequencer: NonNeglnteger; 
ReferenceWeight: NonNeglnteger; 
MaxWeight, Weight: real; 

var VectorCorrlAdjAux: VectorCounterMNSC; 
VectorIocusAux: vectorStatePairPosMNSC; 

var Counter: 1. .MNSC; 
Conditiona1Pair: 1.. StatePairPositionRange; 

{ ................................ } 

begin {protocol} 

( sort priorities ..••••.........•••••...••••...••••..•••...••••.... ) 

for Counter := 1 to MNSC do 
begin 

VectorLocusAux[Counter] := Counter; 
VectorCorrlAdjAUX[Co\ll1ter] := 0; 

end; 

waitin;JListAdj := nil; Waitin;JList.Pos := nil; 
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while ConditionalTable[ReferencePosition] <> nil do 
begin 

Pop (ItemlIdj ,ConditionalAdjacencies(ReferencePosition]); 
Pop(ItemPos,ConditionalTable[ReferencePosition]); 
Push(ItemlIdj,WaitingListAdj); Push(ItemPos,WaitingListPos); 

end; 

sequencer : = 0; 
repeat 

sequencer := sequencer +1; 
Counter := sequencer; 
Pop(ItemlIdj,WaitingListAdj); Pop(ItemPos,WaitingListPos); 
Push(ItemlIdj,ConditionalAdjaoencies[ReferencePosition]); 
Push(ItemPos,ConditionalTable[ReferencePosition]); 
ConditionalPair := ltemPos; 
Vectorr=usAux(CoW1ter] := ConditionalPair; 
VectorCondAdjAux(counter] := (PartitionRange -1) *ItemlIdj + 

vectorUnconditional[ConditionalPair] 
W1til WaitingListFOs = nil; 

ShortQuickSort (VectorCondAdjAUX, vectorr=usAux) ; 

program 

{ choose reference weight ...••••••••...•••••.•..••••••••.•••••••.•. } 

MaxWeight := VectorCondAdjAux[l]; { cord pair with greatest cord adj } 

weight := Cost*MaxWeight; ReferenceWeight := trW1c(Weight); 

{ full in Vec:torAllx ............................................................................................... } 

for Counter:= 1 to MNSC do vectorI.ocus(counter] :=0; 

for counter := 1 to MNSC do 
begin 

ltemlIdj := trW1c(VectorCondAdjAux[CounterJ); 
if ltemlIdj > ReferenceWeight then 

VectorI.ocus[counter] := Vectorr=usAux[Counter] 
end; 

end; { full in vector aux } 

{:::::::::::::::::::::::::::::::::::::::::::::::::::::} 

procedure PlaceCorditionalPairsFromVectorAuxiliar; 

var CoW1ter: o •• MNSC; 

ErdCYCle: boolean; 

begin 

CoW1ter := 0; ErdCyc1e := false; 
repeat 

CoW1ter : = CoW1ter +1; 
if VectorI.ocus[CoW1ter] = 0 then ErdCycle := true 
else 

begin 
ConditionalPair := VectorI.ocus[CoW1ter] ; 



program 

MakeLinkForStatePair ; 
end; 

until EndCycle or (Counter = MNSC) or 
(NurobexOfStateMembers = stateRange) ; 

end; { place =00 pairs } 

( .................................. ) 

begin { protocol } 

{ Pri=ityHead := VectorPriority[I=ation] } 

( initial ooooitians) 

FF'PStateMembership : = []; N1.JrnbmOfStateMernbers : =0 ; 

for Item :=1 to PartitionRange do with FFP[Item] do 
begin BlockA := []; BlockB := [] end; 

f= Item : = 1 to stateRange do 
begin 

SetoflldjStates[Item] := [Item]; 
Reachedl\djacencies[Item] := 0; 

end; 

{ place PriorityHead } 

Decode (PriorityHead, stateX,statey) ; 

with FFP[l] do 
begin BlockA := [stateX]; BlockB := [stateY] end; 

f= Item :=2 to PartitionRange do with FFP[Item] do 
begin BlockA :=[stateX]; BlockA := BlockA +[statey] end; 

FFPStateMelllbership := FF'PStateMelllbership + [stateX]; 
FF'PStateMembership := FF'PStateMelllbership + [statey]; 
NumbeJ:OfStateMembers :=2; 
SetofAdjstates[stateX] := SetofAdjstates(stateX]+[statey]; 
SetofAdjstates[statey] := SetofAdjstates[Statey]+[stateX]; 
Reachedl\djacencies [stateX] :=1; Reachedl\djacencies [statey] : =1; 

{ place OonditionalPairs related to PriorityHead } 

ReferencePosition : = PriorityHead; 
F\.lllInvectorAuxiliarWithcoOOitionalPairs; 
PlaceOonditionalPairsFramVectorAuxiliar; 

{ StoreOtherPairsFollowingPriorities } 

if NumbeJ:OfstateMernbers <> StateRange then 
begin 

I=ationAux := 0; 
repeat 

I=ationAux := I=ationAux +1; 
PriorityHeadAux := VectorPriority[I=ationAux]; 
if PriorityHeadAux <> PriorityHead then 

begin 
COrrlitionalPair := PriorityHeadAux; 
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MakeLinkForStatePair; 
if NumbeJ:OfstateMembers <> stateRange then 

begin 
Decode (PriorityHeaclAux,stateX,statey) ; 
DetectNeighbouriIxJ; 
if Mjacentstates then 

begin 

ReferencePosition := PriorityHeadAux; 
FUlIInVectorAuXiliarWithCorrlitionalPairs ; 
PlaceConditionalPairsFromVectorAuXiliar; 

end; 

end; 
end; 

until NumbeJ:OfstateMembers = stateRange; 
end; 

end; { arlIt FFP } 

{ I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I } 

procedure ShapeFinalFamil yOfPartitions; 

var BlockT: Block; 
state: states; NextState: NextStates; 
InputPattern: InputSeries; 
Partition: 1 •• PartitionRange; 

var SumEntriesA, SUmEntriesB: NonNegInteger; 
stateZ: states; 

var Entry: array [states] of NonNegInteger; 

{ .................................. } 

begin { protocol } 

program 

{ compute state entries in next-state table •••.•••••.••....•....... } 

{ initial =nditions } 
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 

begin stateZ :: NextState; Increment(Entry[stateZ]} end; 
end; 

{ shape partition blocks .••.••••.•.•••..••••......••..•••....•..... } 

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



program 

begin 

SUrnEntriesA := 0; 
for state := 1 to StateRange do if State in Bl=kA then 

SUrnEntriesA := SUrnEntriesA + Entry[state); 
SUrnEntriesB := 0; 
for state := 1 to stateRange do if state in Bloc:kB then 

SUrnEntriesB := SUrnEntriesB + Entry[state); 

if SUrnEntriesB > SUrnEntriesA then 
begin 

en:i; 

BlockT := Bl=kA; Bl=kA := Bloc:kB; Bloc:kB := BlockT; 
en:i; 

en:i; { shape } 

{ I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I } 

procedure RecordFinalFamilyOfFartitions; 

var state,Presentstate: states; 
NextState: Nextstates; 
Partition: l •. PartitiahRange; 
Isit: 1. . InputBitRange; 
oBit: 1.. outputBitRange; 
Item: NonNegInteger; 

var DefinitionMatrix: array[states,PartitionSeries] of boolean; 

var Key: char; 

begin 

{ assign code to states ••••......••••••••....•••...•••.•....•....... } 

for state := 1 to stateRange do 
begin 

for Partition ~=l to PartitiahRange do with FFP[Partition) do 
if state in SlockA then 

DefinitionMatrix[State,Partition) := false 
else 

DefinitiOnMatrix[state,Partition) := true; 
en:i; 

record results in file .......•••••••....•.•••..•.••..••.•........ } 

open(Register,RecordFile, 'UNKNOON' ,statrec.all) ; 

if statrec.all = status $ok then rewrite (Register) 
else ERROR $PRINT(statr6c); 
writeln(Register); 

reset(PrimitiVeData) ; 

while not eof(PrimitiveData) do 

begin 
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for Ibit :=1 to InputBit.R;mJe do 
begin 

read(PrimitiveData,Bit); 
case Bit of 

0: write (Register, '0 '); 

1: write (Register, 'I '); 
2: write (Register, 'X '); 

en:i; 
en:i; 

read (PrimitiveData, Presentstate) ; 
for Partition :=1 to PartitionRange do 

begin 
case DefinitionMatrix(Presentstate,Partition] of 

false : write (Register, I 0 '); 
tnle : write (Register, '1 '); 

en:i; 

en:i; 

write(Register,', '); 

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

for Partition :=1 to PartitionRange do 
begin 

case DefinitionMatrix(Nextstate, Partition] of 
false : write (Register, I. '); 

true : write (Register, 'A '); 
en:i; 

en:i 

else 
for Partition := 1 to PartitionRange do 

write (Register, ,- '); 

for oBit :=1 to OUtputBit.R;mJe do 
begin 

read(PrimitiveData,Bit); 
case Bit of 

0: write (Register, '. '); 
1: write(Register, 'A '); 
2: write (Register, '- '); 

en:i; 

en:i; 

writeln(Register); readln(PrimitiVeData); 

en:i; { eof data } 

close(Register); 

( pass message 

writeln; 
writeln ( 'After M:M the process should =ntinue •• '); 

en:i; { Re=rd } 

( I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I ) 

program 



program 

procedure MinimizeMachineStructure; 

( ................................. ) 
procedure MBX_client]riori( Step: integer); 

label done; 

canst rnbx name =' rooox' ; 
rnbx -namelen = sizeof(rnbx name); 
burIen = rnbx $msg nWci 
msg -buf len = rnbx - $msg-!laX; 

- - --

type msg_t = arraY[l •• rnbx_$msg_!laX] of char; 

msgJ>1:r_t = Amsg_ti 

var mbx handle univJ>1:r; 
status status $t; 
data buf msg ti-
msg buf msg-t; 

msg=retptr : msgp_ti 
msg_ retlen : integer32; 

var Letter3,Letter4,Letter5 : char; 
Digit3,Digit4,Digits: integer; 

procedure CheckStatus; 
begin 

if( status.all <> status $ok)an:l. 
( status.all <> mbx $pan:ial record) then 
begin error $print(status) ;p:jm $exit end; 

end: - ~ 

begin 

mbx $open ( rnbx name, 
- mbx-namelen, 

nil-;-
0, 
mbx_ handle, 
status) ; 

CheckStatus ; 

( send message an:l. step ) 

DigitJ := (Step)div(100); 
Digit4 := ( step - Digit3*100)div(10) ; 
Digits := step - Digit3*100 - Digit4*10; 

Letter3 := chr(DigitJ + 48); 
Letter4 := chr(Digit4 + 48) ; (ascii ) 
Letter5 := chr(Digits + 48) ; 

data buf[l] := 'A'; ( MINAS sign ) 
datclbuf[2] := '!'; ( exec. finished ) 
data=buf[3] := Letter3; 
data buf[4] := Letter4; 
data-buf[5] := Letter5; 
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mbx $put ree( mbx han::lle, 
- - acicir(data _ but) , 

but len, 
status) ; 

mbx $get ree( mbx han::lle, 
- - acicir(msg buf) , 

msg buf Ten, 
msg - retPtr, 
msg retlen, 
status) ; 

CheckStatus ; 

done: 

mbx $close( mbx han::lle, status); 
CheCkstatus; -

end; { priori communication} 

{ ..................................................................... } 

procedure MBX_ClientJ'Osteriori( step integer); 

label done; 

=nst mbx nane = I rooox I ; 

mbx-nanelen = sizeof(mbx narre) ; 
burIen = mbx $msg max; 
msg=but_len = mbx=$msg=max; 

type msg_t = array[l. .mbx_$msg_max] of char; 
msgJ'tr _ t = Amsg_ t; 

var mbx han::lle 
status 
data buf 
msg_but 
msg_retptr 
msg_retlen 

: univJ'tr; 
status_$t; 
msg_t; 
msg t; 
msgytr _ t; 
integer32; 

var msg array: array[l. .5] of char; 
i: Integer; 
Letter3 , Letter4, Letter5 : char; 
Digit3,Digit4,Digit5: integer; 

procedure CheckStatus: 
begin 

if( status.all <> status $ok)and 
( status.all <> mbx_$partial_re=rd) then 
begin error_$print(status) ;pgm_$exit end; 

end; 

begin { proto=l } 

mbx $open ( mbx name, 
- mbx-narrelen, 

nil-;-
0, 
mbx_ han::lle, 

program 



program 

status) ; 

CheckStatus ; 

( wait loop until good answer ) 

Digit3 := (step)div(lOO); 
Digit4 := ( step - Digit3*lOO)div(lO) ; 
Digits := step - Digit3*lOO - Digit4*lO; 

Letter3 := chr(Digit3 + 48); 
Letter4 := chr(Digit4 + 48) ; 
Letter5 := chr(Digits + 48); 

repeat 

data buf[l] := 'A'; ( MINAS sign ) 
data-buf[2] := '?'; ( request ) 
data=buf[3] := Letter3; 
data buf[4] := Letter4; 
data=buf[5] := Letters; 

rnbx $put rec( rnbx han:Ue, 
- - addJ:(data buf), 

buf len, -
status) ; 

rnbx $get rec( rnbx han:Ue, 
- - adcJi=(msg buf) , 

msg buf len, 

~retPtr, 
msg-retien, 
status) ; 

CheckStatus ; 

for i := 1 to 5 do 
msg_array[i] := msg_retptrA[i]; 

until msg_array[l] = 'G'; 

done: 

rnbx $closet rnbx han:ile, status); 
CheCkstatus; -

end; { posteriori oarnnrunication } 

( ..................................... ) 

begin ( protocol ) 

( go to the mailbox ) 

cal $get local time (clock) ; ( get departure time ) 
dep=sec := cal=$clock_to_sec(clock); 

MBX_Client_Priori(Step); 
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{ wait until JIm is finished } 

MBX_Client_Posteriori(Step) ; 

cal $get local time (clock) ; { get arrival time } 
arr-sec := cal-$clock to sec(clock) ; 
JIm-sec := JIm-sec + T aLT_sec - dep_sec); 

end; { m:in:imization } 

{ I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I I } 

procedure AnalyzeMiniInizedStnlcture; 

var ProductTenns: NonNegInteger; 
Dontcares: NonNeglnteger; 
Actives: NonNegInteger; 
Logid3ates: NonNeglnteger; 

begin 

{ get data from JIm } 

open (Mini,MomFile, 'OW' ,statrec.all) ; 
if statrec.all = 0 then reset(Mini) 
else writeln( 'Difficulty openirq ',MomFile); 

repeat readln(Mini) ;get(Mini) until Mini" = 'M'; 

program 

repeat get (Mini) until ( Mini" in ['1' .. '9'] ) ; read(Mini,ProductTenns) ; 

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 rnininal solutuion } 

Logid3ates := (InputBitRange + PartitionRange) *ProductTenns 
- Dontcares + Actives; 

writeln;writeln( 'state Assigrnnent: ',Location:Field(Location) , , : '); 
write ( 'ProductTenns : ',ProductTenns:Field(ProductTenns»; 
writeln(' lDgicGates: ',Logid3ates:Field(lDgid3ates»; 
writeln;write(' ... '); 
writeln;writeln;writeln; 

if ProductTenns < MinProductTenns then 
begin 

MinProductTenns : = ProductTenns; 
MinStep : = step; 
FFPKey : = FFP; 

end; 

end; { analyze } 



program 

{ , , , , , , , " , , , , , " , , , , , , , , , , , , , , , , , , , , , , , , \ \ \ \ \ \ \ \ \ \ \ \ I } 

procedure GenerateFinalFamiliesOfFartitionsBasedOnPriorities; 

begin 

MinProduct:Tems := maxint; 

step := 0; 

repeat 

step := step + 1; Location := step; 

PriorityHead := VectorPriority[Location); 

BuiltFinalFamilyofFartitions; 

ShapeFinalFamilyofFartitions ; 

RecordFinalFamilyofFartitions; 

MinimizeMachineStructure; 

AnalyzeMinimizedStructure; 

until (Location - MinLccation = 5)or 
(step = StatePairIbsitionRan:Je); 

end; { generate } 

{#########################################################################} 

procedure RecordBestFinalFamilyofFartitions; 

var state,Presentstate: states; 
Nextstate: Nextstates; 
Partition: 1 .. PartitionRange; 
IBit: 1 .• InputBitRange; 
oBit: 1. .00tputBitRange; 
Item: NonNegInteger; 

var DefinitionMatrix: array[States,Partition8eries) of boolean; 

var Key: char; 

begin 

writeln;writeln; 
writeln( 'Best State Assigmnent : '); writeln; 
FFP := FFPKey; Location := MinStep ; step := Minstep ; 
PriorityHead := VectorPriority[Location); 

writeln( 'Final Family of Partitions for step' , step: 3) ; 
writeln( 'estimated adjacencies : 

95 



96 

',VectorEstirnationITbtal[PriorityHead):1:0); 
writeln; 

for Partition :=1 to PartitionRange do with FFP[Partition) do 
begin 

write(' ([ '); 
for state :=1 to stateRan:j"e do if state in Bl=kA then 

write (state: Field (State) , , '); 
write(') ; [ '); 
for state :=1 to stateRan:j"e do if state in Bloc:kB then 

write (state: Field(State) , , '); 
write(') }');writeln; 

errl; 

for state : = 1 to stateRan:j"e do 
begin 

program 

for Partition :=1 to PartitionRange do with FFP[Partition) do 
if State in Bl=kA then 

DefinitiOhMatrix[state,Partition] := false 
else 

DefinitiohMatrix[state,Partition) := true; 
errl; 

record results in file ••...•.....•••...••...•...•••...••...•.•... ) 

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

writeln(Register) ;writeln(Register); 
writeln(Register, "'state Assignment ',Location:Field(Location»; 

for state :=1 to StateRan:j"e 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 '); 

errl; 
errl; 

writeln(Register); 
errl; 

writeln(Register, '" '); 
write (Register, '$IN I'); 
for IBit := 1 to InputBitRange -1 do 

write(Register,IBit:Field(IBit), ',I'); 
write(Register,InputBitRange:Field(InputBitRange»; 
for Item := PartitionRange -1 downto 0 do 

write {Register, ',PS' , Item: Field (Item) ); 
writeln(Register); 
write (Register, '$OUT NS'); 
for Item := PartitionRange -1 downto 1 do 

write(Register,Item:Field(Item),',NS'); 
write (Register, '0');· 
for OBit :=1 to outputBitRange do 



program 

write(Register,',O',OBit:Field(OBit»; 
writeln(Register) ;writeln(Register, ,n '); 

reset(PrimitiVeData) ; 

while not eof(PrimitiVeData) do 

begin 

for !bit :=1 to InputBitRan;Je do 
begin 

read(PrimitiveData,Bit); 
case Bit of 

0: write (Register, '0 '); 
1: write (Register, 'I '); 
2: write(Register, 'X '); 

errl; 
errl; 

read (PrimitiVeData, Presentstate) ; 
for Partition :=1 to PartitionRange do 

begin 
case DefinitiOnMatrix[Presentstate,Partition] of 

false: write (Register, '0 '); 
true : write (Register, 'I '); 

end; 
errl; 

write (Register, 'I ' ) ; 

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 '); 

errl; 
errl 

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, 'A '); 
2: write (Register, '- '); 

errl; 
errl; 

writeln(Register); readln(PrimitiveData); 

errl; { eof data } 

close (Register) ; 

{ echo state assigrnnent 
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writeln;writeln( 'state Assigrnrent: ',Step:Field(Step»; 
write ( 'MinProductTenns : ',MinProductTenns:Field(MinProductTenns»; 
writeln(' LogicGates: ',MinLogicGates:Field(MinLogicGates»; 

writeln; 
for state : = 1 to stateRange do 

begin 
write ( 'State' ,State: Field (state) " : '); 
for Partition :=1 to PartitionRan9'e do with FFP[Partition] do 

if state in BlockA then write ( '0 ') else write ( '1 '); 
writeln; 

end; 

writeln; 

end; {record best FFP } 

{#########################################################################} 

procedure RecordI.ooPI'ime; 

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

begin 

cal $get local time(clcx::k) ; 
looP_seC:= caI_$clcx::k_ to_ sec(clcx::k); 

writeln( 'Execution time :'); 
write ( , - global : ') ; 
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(60); 
writeln(hour:3,' h :',min:3,' rn :',sec:3,' s.'); 

write ( , - without M:M :'); 

abs sec := loop sec - ref sec - M:M 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 : ',rnin:3, , rn :',sec:3,' s.'); 

end; {record loop time } 



program 

{#########################################################################} 

{ MAIN PR(X;RAM } 

{#########################################################################} 

begin 

GetReferenceTime; 

GetFrimitiveData; . 

CorrpIteInputstateAdjacencyCon:iitions ; 

ConputeOutputstateAdjacencyCon:iitions ; 

ConpltePresentstateNextstateAdjacencyCon:iitions ; 

sortPriorities; 

GenerateFinalFamiliesOfPartitionsBaseclOnPriorities ; 

RecordBestFinalFamilyQfPartitions; 

Recordl.ooftl'ime ; 

end 

{#######################################################################}. 
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VI. RESULTS 

MINAS has been tested on a set of industrial finite state 
machines (Table VI.l). 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.2. 

Table VI.l 

** Parameters of some Finite State Machines ** 

FSM ni ns no pti pts nbm 

01 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.2 

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

FSM Encoding Minimal Gain in Execution 
Length Boolean Cover Silicon Time 

Cardinality Area (seconds) 

KISS I MINAS KISS I MINAS mtx I fb KISS I 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 
pt : minimal Boolean cover cardinality 

Execution time : 

for MINAS: on an APOLLO computer 
for KISS : on a VAX-UNIX computer 

Logic Minimiser : 

for MINAS: MOM 
for KISS : ESPRESSO-II 
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VII. CONCLUSIONS 

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

Preliminary experiments have sha.m that we are aware with an useful 
approac..:h. 

Further inprovement on the program which imPlements our strategy can be 
achieved. For instance, it is possible to change the imPlementation of MINAS to 
make it run Imlch faster. 

'Ihe ~rtant point is that the algoritlnn is =nceptually =nceived to 
explore big finite state machines. 

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

< i> encoding the states with a not miminal number of bits; 
< ii> exploring the trade-off between the parameters ''MNSC", 

t'MNP" and "Cost"; 
<iii> exploring other strategies to shape a final family 

of partitions. 

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

< iv> applications to unminimal machines; 
< v> conditions for connnon tenns; 
< vi> dynamic ordering of adjacency conditions. 

Those possibilities will be investigated and reported in a near future. 
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Annexe1: input and output files format definitions 

Consider the following sequential machine FSM06 

(al Next state - output table 

input present next output 
state state 

10 state1 state6 00 
10 state2 state5 00 
10 state3 state5 00 
10 state4 state6 00 
10 state5 state 1 10 
10 state6 state 1 01 
10 state7 state5 00 

01 state 1 state4 00 
01 state2 state3 00 
01 state3 state7 00 
01 state4 state6 10 
01 state5 state2 10 
01 state6 state2 01 
01 state7 state6 10 
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(b) Input file format definition for MINAS : FSM06.DAT 

1 0 1 6 0 0 
1 0 2 5 0 0 

1 0 3 5 0 0 
1 0 4 6 0 0 

1 0 5 1 1 0 
1 0 6 1 0 1 
1 0 7 5 0 0 
0 1 1 4 0 0 
0 1 2 3 0 0 
0 1 3 7 0 0 
0 1 4 6 1 0 
0 1 5 2 1 0 
0 1 6 2 0 1 
0 1 7 6 1 0 
0 0 1 0 2 2 
0 0 2 0 2 2 
0 0 3 0 2 2 
0 0 4 0 2 2 
0 0 5 0 2 2 
0 0 6 0 2 2 
0 0 7 0 2 2 
1 1 1 0 2 2 
1 1 2 0 2 2 
1 1 3 0 2 2 
1 1 4 0 2 2 
1 1 5 0 2 2 
1 1 6 0 2 2 
1 1 7 0 2 2 
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( c) Input file format definition for MOM FSM06.DEF 

"state Assignment 
"Statel 0 1 0 
"State2 1 1 0 
"State3 1 1 1 
"State4 0 1 1 
"State5 ! 0 0 0 
"State6 1 0 0 
"State7 0 0 1 

" 
$IN Il,I2,PS2,PS1,PSO 
$OUT NS2,NS1,NSO,Ol,02 

" 
1 0 0 1 0 A 
1 0 1 1 0 
1 0 1 1 1 
1 0 0 1 1 A 
1 0 0 0 0 A A 
1 0 1 0 0 A A 
1 0 0 0 1 
0 1 0 1 0 A A 
0 1 1 1 0 A A A 
0 1 1 1 1 A 
0 1 0 1 1 A A 
0 1 0 0 0 A A A 
0 1 1 0 0 AA A 
0 1 0 0 1 A A 
0 0 0 1 0 - - - - -
0 0 1 1 0 - - -
0 0 1 1 1 - - - - -
0 0 0 1 1 - - -
0 0 0 0 0 - - -
0 0 1 0 0 - - -
0 0 0 0 1 - - -
1 1 0 1 0 - - -
1 1 1 1 0 - - -
1 1 1 1 1 - - -
1 1 0 1 1 - - -
1 1 0 0 0 - - - - -
1 1 1 0 0 - - -
1 1 0 0 1 - - - - -
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Cd) output file from MOM 

"state Assignment 
"Statel 0 1 0 
"State2 1 1 0 
"State3 1 1 1 
"State4 0 1 1 
"State5 0 0 0 
"State6 1 0 0 
"State7 0 0 1 

" 
$IN Il,I2,PS2,PS1,PSO 
$OUT NS2,NS1,NSO,Ol,02 

" 

FSM06.MIN 

Min-cover, found 8 essential product terms 

" The function contains 16 don't cares and 

" P P P N N N 
"I I S S S S S S 0 0 
"1 2 2 1 0 2 1 0 1 2 
" 

x 1 1 x 0 a 
x 1 x 0 0 a 
x 1 0 x 1 a a 
1 x 0 1 x a 
x x 0 0 0 a a 
0 x 1 1 x a 
x 1 x 1 0 a a 
x x 1 0 0 a a 

"FILE: FSM06.def, 

Annexe 1 

12 actives 

"minimized by MOM version 4.32, Multiple Output Mode 

1 



111 

Annexe2 set of industrial sequential machines 
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" FSM 01 

input present next output 
state state 

1000 state1 state1 1 
0100 state1 state1 1 
0010 state1 state2 1 
0001 state1 state2 1 

1000 state2 state2 1 
0100 state2 state3 1 
0010 state2 state2 1 
0001 state2 state1 1 

1000 state3 state3 1 
0100 state3 state5 1 
0010 state3 state3 1 
0001 state3 state5 1 

1000 state4 state4 1 
0100 state4 state2 1 
0010 state4 state3 1 
0001 state4 state3 1 

1000 state5 state5 1 
0100 state5 state5 1 
0010 state5 state1 1 
0001 state5 state4 1 
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"FSM 02 

input present next output 
state state 

10000000 state1 state3 00010 
10000000 state2 state1 01001 
10000000 state3 state3 10010 
10000000 state4 state3 00010 
10000000 state5 state1 01001 
10000000 state6 state1 01001 
10000000 state7 state3 10010 

01000000 state2 state2 01001 
01000000 state5 state2 01001 
01000000 state6 state2 01001 
01000000 state1 state4 00010 
01000000 state3 state4 10010 
01000000 state4 state4 00010 
01000000 state7 state4 10010 

00100000 state5 state1 10001 
00100000 state6 state1 10001 
00100000 state7 state1 10001 
00100000 state1 state3 01010 
00100000 state2 state3 00100 
00100000 state3 state3 01010 
00100000 state4 state3 00100 

00010000 state5 state1 10101 
00010000 state6 state1 10101 
00010000 state7 state1 10101 
00010000 state1 state4 01010 
00010000 state3 state4 01010 
00010000 state2 state5 00100 
00010000 state4 state5 00100 

00001000 state2 state2 00101 
00001000 state5 state2 00101 
00001000 state1 state3 01000 
00001000 state3 state3 01000 
00001000 state4 state3 10100 
00001000 state6 state3 10100 
00001000 state7 state3 10100 

00000100 state2 state1 00101 
00000100 state5 state1 00101 
00000100 state1 state5 00010 
00000100 state3 state5 10010 
00000100 state4 state5 00010 
00000100 state6 state5 10100 
00000100 state7 state5 10010 
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00000010 state2 state1 00001 
00000010 state5 state2 10001 
00000010 state6 state2 10001 
00000010 state7 state2 10001 
00000010 state1 state5 01010 
00000010 state3 state5 01010 
00000010 state4 state5 10100 

00000001 state2 state2 00001 
00000001 state5 state2 10101 
00000001 state6 state2 10101 
00000001 state7 state2 10101 
00000001 state1 state6 01000 
00000001 state3 state6 01000 
00000001 state4 state7 10000 
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"FSM 03 : 

input present next output 
state state 

10000000 state 1 state 1 00101 
10000000 state2 state2 10010 
10000000 state3 state 1 00101 
10000000 state4 state2 10010 

01000000 state 1 state2 00010 
01000000 state2 state2 10100 
01000000 state3 state2 00010 
01000000 state4 state2 10100 

00100000 state 1 state3 00010 
00100000 state2 state3 10010 
00100000 state3 state3 00010 
00100000 state4 state3 10010 

00010000 state3 state1 00100 
00010000 state4 state 1 00100 
00010000 state1 state2 10001 
00010000 state2 state2 10001 

00001000 state3 state 1 00100 
00001000 state4 state1 00100 
00001000 state 1 state3 10101 
00001000 state2 state3 10101 

00000100 state 1 state 1 01001 
00000100 state3 state 1 10100 
00000100 state4 state1 01001 
00000100 state2 state3 01001 

00000010 state1 state2 01010 
00000010 state2 state2 01010 
00000010 state3 state2 01000 
00000010 state4 state2 01010 

00000001 state 1 state3 01010 
00000001 state2 state3 01010 
00000001 state4 state3 10000 
00000001 state3 state4 01010 
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"FSM04 : 

input present next output 
state state 

1000 state1 state3 001 
1000 state2 state1 001 
1000 state3 state4 001 
1000 state4 state4 010 
1000 state5 state1 010 
1000 state6 state3 010 
1000 state7 state9 010 
1000 state8 state15 010 
1000 state9 state1 000 
1000 state10 state14 000 
1000 state11 state3 000 
1000 state12 state20 000 
1000 state13 state3 101 
1000 state14 state1 101 
1000 state15 state4 101 
1000 state16 state20 000 
1000 state17 state15 010 
1000 state18 state4 100 
1000 state19 state18 100 
1000 state20 state19 100 
1000 state21 state2 100 
1000 state22 state3 000 
1000 state23 state2 100 
1000 state24 state14 000 
1000 state25 state15 010 
1000 state26 state20 000 
1000 state27 state15 010 

0100 state1 state10 001 
0100 state2 state2 001 
0100 state3 state5 001 
0100 state4 state5 010 
0100 state5 state2 010 
0100 state6 state21 010 
0100 state7 state18 010 
0100 state8 state26 000 
0100 state9 state5 000 
0100 state10 state13 000 
0100 state11 state23 000 
0100 state12 state19 000 
0100 state13 state10 101 
0100 state14 state2 101 
0100 state15 state5 101 
0100 state16 state19 000 
0100 state17 state23 000 
0100 state18 state5 010 
0100 state19 state23 010 
0100 state20 state20 010 
0100 state21 state1 010 
0100 state22 state3 010 
0100 state23 state1 010 
0100 state24 state13 000 
0100 state25 state3 010 
0100 state26 state19 000 
0100 state27 state3 010 
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0010 statel statell 001 
0010 state2 state8 001 
0010 state3 state6 001 
0010 state4 state6 010 
0010 state5 state16 010 
0010 state6 statelO 010 
0010 state7 state19 010 
0010 state8 statel3 010 
0010 state9 state6 000 
0010 statelO statel 000 
0010 statell state24 000 
0010 state12 state18 000 
0010 statel3 statell 101 
0010 state14 state8 101 
0010 state15 state6 101 
0010 state16 statel3 010 
0010 state17 state18 000 
0010 state18 state6 100 
0010 state19 state24 100 
0010 state20 state9 100 
0010 state2l statel3 100 
0010 state22 state15 100 
0010 state23 state13 010 
0010 state24 statel3 100 
0010 state25 state15 000 
0010 state26 state18 000 
0010 state27 statel3 100 

0001 state1 state12 001 
0001 state2 state9 001 
0001 state3 state7 001 
0001 state4 state7 010 
0001 state5 state17 010 
0001 state6 state22 010 
0001 state7 state20 010 
0001 state8 state14 010 
0001 state9 state7 000 
0001 state10 state2 000 
0001 state11 state25 000 
0001 state12 state15 000 
0001 state13 state12 101 
0001 state14 state9 101 
0001 state15 state7 101 
0001 state16 state14 010 
0001 state17 state27 000 
0001 state18 state7 100 
0001 state19 state25 100 
0001 state20 state26 100 
0001 state21 state14 100 
0001 state22 state15 000 
0001 state23 state14 010 
0001 state24 state14 100 
0001 state25 state15 000 
0001 state26 state21 000 
0001 state27 state14 100 



118 Annexe 2 

" FSM 05 

input present next output 
state state 

1000 state 1 state 1 001 
1000 state2 state3 000 
1000 state3 state 1 001 
1000 state4 state4 100 
1000 state5 state3 000 
1000 state6 state7 000 
1000 state7 state4 010 
1000 state8 state4 100 

0100 state3 state 1 101 
0100 state7 state1 101 
0100 state 1 state4 010 
0100 state2 state4 000 
0100 state5 state4 100 
0100 state4 state5 101 
0100 state8 state5 100 
0100 state6 state8 000 

0010 state1 state2 001 
0010 state3 state2 001 
0010 state2 state3 010 
0010 state5 state3 010 
0010 state6 state3 010 
0010 state8 state3 010 
0010 state4 state4 010 
0010 state7 state5 010 

0001 state3 state2 101 
0001 state7 state2 101 
0001 state5 state3 100 
0001 state6 state3 100 
0001 state8 state3 100 
0001 state1 state5 010 
0001 state4 state5 101 
0001 state2 state6 000 



Annexe 2 119 

" FSM06 : 

input present next output 
state state 

10 state1 state6 00 
01 state1 state4 00 

10 state2 state5 00 
01 state2 state3 00 

10 state3 state5 00 
01 state3 state7 00 

10 state4 state6 00 
01 state4 state6 10 

10 state5 state1 10 
01 state5 state2 10 

10 state6 state1 01 
01 state6 state2 01 

10 state7 state5 00 
01 state7 state6 10 



120 Annexe 2 

" FSM 07 : 

input present next output 
state state 

10 state 1 stateS 000 
10 state2 state4 000 
10 state3 state5 000 
10 state4 stateS 000 
10 state5 stateS 000 
10 state6 state13 000 
10 state7 state4 000 
10 state8 state 1 001 
10 state9 state4 000 
10 statelO state 1 010 
10 statell state3 010 
10 state12 state4 100 
10 state13 state5 100 
10 state14 state3 100 
10 state15 state4 000 

01 state 1 state9 000 
01 state2 state3 000 
01 state3 state6 000 
01 state4 statell 000 
01 state5 state12 000 
01 state6 state14 000 
01 state7 state15 000 
01 stateS state2 001 
01 state9 state3 001 
01 state10 state2 010 
01 state 11 state4 010 
01 state12 state3 001 
01 state13 state6 100 
01 state14 state7 100 
01 state15 state6 000 
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