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ABSTRACT 

In this paper we introduce a program package which is a 

tool for decompositions and analysis of sequential 

1IllIchines. A sequential machine is a mathematical 

model for discrete, deterministic information 

processing devices and systems, such as digital 

computers, digital control units, electronic 

circuits with sychronized delay elements, as well as 

other fields like biology, psychology and 

biochemst:ry. The package can handle most of 

functions and topics in research and applications of 

sequential machines. 

Hell Yibin 
DASH: A tool for decomposition and analysis of sequential machines. 
Department of Electrical Engineering, Eindhoven University of Technology, 1987. 
EUT Report 87'E-170 
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DASH 

A TOOL FOR DECOMPOSITION: AND ANALYSIS 

OF SEQUENTIAL MACHINES 

O. INTRODUCTION 

A sequential machine is a mathematical model for discrete, 

deterministic information processing devices and systems, such as 

digital computers, digital control units, electronic circuits with 

synchronized delay elements, and so on. The term, sequential machine, 

machine, finite-state maChine, finite-state automaton, and automaton 

are synonyms. Nowadays, sequential machine also plays an important 

role in designing complex systems by using VLSI devices [3]. 

In this paper, we introduce a program package - DASM which is a 

tool for decompositions and analysis of sequential machines. It can 

deal with most of functions and topics in the research and 

applications of machines. The emphasizes for discussing each function 

of DASM are on three aspects: principle, algorithm and example. 

Therefore, it is a useful tool for teaching, researching and industry 

applications related to machine theory. Due to the facts that DASM 

works on the abstract mathematical level and that the theory of 

machines has a considerable influence, not only on the development of 

computer systems and their associated languages and software, but 

also in biology, psychology, biochemistry [19], etc., DASM can 

naturally be also used in any other area where machine theory serves as 

a mathematical model. 
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I. SYSTEM: STRUCl'ORE AND OPERATIONS 

1.1 DASH Organization 

DASM runs on the following system enviroment: 

Hardware 

Operating system 

Source file language 

IBM XT/AT; 

DOS; 

Pascal. 

With the latest version DASM offers the following functions: 

a) SP partitions; 

b) Partition pairs; 

c) Partition trinity; 

d) Equivalence States; 

e) Minimize a machine; 

f) Decompositions on states; 

g) Parallel full-decompositions. 

In addition to those, some functions are also available for file 

or data managements: 

h) List directories; 

i) Specify a data file; 

j) Edit a text file. 

In the following diagram we list all commands in DASM with 

different levels. A notation is used there as 

A 

c 
B 

to denote that DASM goes to menu or function B from menu A under the 

command c. 
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assignment of states * 

equivalence states 

decompositions on states 
p 

parallel decomposition 
s 

serial decomposition 
Q 

x 
quit current level 

specify a new data 

full-decompositions 
p 

s 

o 

Q 

x 

parallel decomposition 

S-type serial decomposition * 

o-type serial decomposition * 

qui t current level. 

specify a new data 

minimize machines 

decompositions and analysis on ISSH's 
p 

D 

Q 

x 

weak pairs 

decompositions * 

quit current level 

specify a new data 

O.C.S.P. partitions 

Edit a tert file 
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partition pairs 
A 

S-S pairs 
8 

S-o pairs 
C 

I-S pairs 
D 

I-o pairs 
Q 

------- quit current level 
X 

------- specify a new data 

-------- partition trinities 

S 

L 

A 

------- all partition trinities 
8 

------- basic partition trinities 
Q 

------- quit current level 
X 

specify a new data 

S.P. partitions 

-------- list a directory 
Q 

-------- quit to DOS 
X 

specify a new data 

* The function is on development. 

1.2 Menu Driver and Help 

DASH runs with different functions by the menu driver. The top 

menu is like 

*DASH(1986): D(ecomp. S(P's p(airs T(rinities -->[RYB V.2.l] 

The sign "-->" indicates there are other commands with this level and 

they can be seen by typing "-->" key. This mechanism is in loop. A 

submenu can be called by typing a correspondent letter and the menu 

display is changed to the function. For example, in DASH level, typing 

"P" we get "Pair function" and the menu shows: 

Pair> A(S-s 8(s-0 C(i-s D(i-o Q(uit [RYB V.2.l] 
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NOw, we can calculate the pairs by the four commands. 

A help routine is in DASH which can be called in DASH level. Typing 

"H" DASH displays the help menu and some explainations about DASM. 

Typing a command in help menu some further explaination' is given for 

some functions. 

In DASH there is a program to list a directory. Any subdirectories 

or files can be listed by this command. It displays each file name in 

three parts: 

name. extension filesize 

where name could be a file name or a SUbdirectory name and filesize is 

given in byte. When a directory is larger than one page it just lists a 

full screen and remains a user to see next parts by typing "space-bar". 

A nice pull down menu editor is embeded in DASM. It can be called by 

typing 'W' in DASH level. with the editor a machine table can be 

entered or updated very easily. In fact we can use the editor to do any 

editorial affairs which are related or not related to DASH. 
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II. Machine Functions 

By the defini tion of machines in [18], generally speaking, we shall 

present the machine M = (I, S, 0, 3, A ) with an input symbol x EI while it 

is in some state, say SES. The machine then outputs A(S,x) while it 

moves to state 3 (s,x) • This notion is somewhat cumbersome and we shall 

introduce the idea of mappings (or functions) induced by the input. 

From the viewpoint of inputs, the machine functions, 3 and A, can be 

considered as sets of functions induced by all inputs 

a = {axl ax: S ~ Sand XEI} and A = {Axl Ax: S ~ 0 and xEI} 

where ax and Ax are defined by 

VSES VXEI: axes) = 6(s,x) and Ax(s) = A(s,x). 

The 3x and Ax are called the next-state function and output 

function, respectively, with respect to input x. 

Finally, we make notation as follows: 

sax = axes) = 3(s,x) 

sAx = Ax(s) = A(s,x) 

for all SES and xEI. 

(2.1) 

(2.2) 

Based on (2.1) and (2.2) we can derive some other functions. 

Let A be a set. The power set of A is defined as set {alaIOA} and is 

denoted by 2~ because it has an interesting property: 12AI =21 AI. 

Therefore, in other words, 2~ is the set of all subsets of A. Let Sand 0 

be sets of states and outputs of a machine. For power sets 2 sand 2 0 , we 

have the following block functions: 

ax : 2' ~ 2' and Ax . 2' ~ 2° . 

are defined by Q3 x = {qaxlqEQ 10 S} (2.3) 

QAx = {qAxlqEQ 10 S} (2.4) 

where XEI. 
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If x Ii I, then ax and ~x are defined by 

Q~x '" {qix Iq(Q 
I 

A x I EX} (2.5) 

Q~x '" {qAx IqEQ 
I 

A X I EX} (2.6) 

A block function maps a subset of 8 into a subset of 8 or O. 

Let A be a collection of n-arrangements of the state set [26], and 

let B be a collection of n-arrangements of the output set, and x(I. 

Then vector functions, 

are defined for any arrangement a in A 

a = (a l a 2•• .a n) 

a~x = (a I 6x} (a 26x)··· (a n6x) (2.7) 

a1x = (a l ~x) (a2~X)··· (an~x) (2.8) 

It is obvious that ~ keeps n endpoints of n tracks of a machine 

under input x. When n=l and XEI* it keeps the endpoint under the 

input sequence 

Let X = x l x 2 .•• Xk (I*, sE8. Then, track functions 

and 

are defined by 

(2.9) 

and 

=(S~x)(s~x~x ) .•• (S~x x ~x)· 
I I 2 I·· k-I k 

(2.10) 

Obviously, sax and s~x record the tracks of a machine under input 

sequence x. 

From the definition we can derive many interesting properties of 

the functions. The detailed proofs can be found in [20]. 
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PROPERTIES: 

S8 xy = (S6 x )8 y = s8 x 6 y ; 

SA xy = (S6
X

)A y = S6 x Ay; 

2) V x = x 1x 2 •• .x t i I", xi iI, 1~i~k, 

3) if X = tEI", then VSES: sax = S and SAx 

4) V QI,Q2 
'" 

S and V xI'x 2 '" 
I: 

i) Q
I '" Q

2 => Q
I

6
x '" Q2 6 x " QIAX '" I I I 

ii) XI '" x
2 => Q

I
6

x '" 
Q

I
6

x " QIAX '" 
I 2 I 

iii) XI '" x 2 " Q1 '" 
Q 2 

=> Q I 6 x '" Q2 6 X " QIAX '" Q 2 Ax 
I 2 I 2 

5) V QI'Q 2 '" S, V xfI: 

Q 1 ax u Q2 6 x =(Ql U Q2) ax 
-

Q I Ax U Q2 Ax =(QI U Q2)A X 

6) V Q '" S V X I ,X 2 '" 
I: 

Q6 x U Q6 = Q6 I x U x )' 
I x 2 I 2 

QAx U Q6 = QA IX UX ). 
I x 2 I 2 

= CiO" 

Q 2 Ax 
I 

Q I Ax 
2 

(2.11) 

(2. 12) 

(2.13) 

(2 • 14) 

(2.15) 

(2.16 ) 

(2.17) 

(2.18 ) 

(2.19) 

(2.20) 

(2.21) 

(2.22) 

(2.23) 

(2.24) 

(2.25 ) 

(2.26) 
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8) V Ql,Q2 SO S,V X lI X 2 so I: 

(Q1 UQ 2)&'X uX ) = U Qlax.' 
1 2 1,j=l,2 1 

(2.27) 

(Q1 UQ 2)A ex ux ) = u Q I Ax j 1 2 i,j=l,2 

(2.28) 

(2.29) 

(2.30) 

(2.31) 

. . 
sAx x = (SAx) (sax Ax ) 

1 2 1 1 2 
(2.32) 

11) V x,YEI and aEA : 

a~XY = (a~x)~y, (2.33) 

a1XY = (a~x)1y. (2.34) 

12) V x = x l ···Xn EI* and aEA: 

(2.35) 

= a~ x ~ x ••• ~ x 
1 2 n 

a1 = a~ " • x xl' "X n _ 1 xn 
(2.36) 

If x=tEI*, then a~x = a (2.37) 
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III. DATA STRUCTURE 

In DASM, data structure is quite simple. The data we need for DASM 

is from two aspects: declairation of a machine, and representation of 

partitions. Here we explain them in details. 

3.1 Description of a Machine 

Considering two types of machines, Mealy and Moore Machines, we 

apply arrays for the storages of them because an array exactly 

corresponds to a machine table. 

We take 

Numstates, NumInputs and NumOutputs 

as global variables to represent the number of states, number of 

inputs and number of outputs of a machine, respectively. The variables 

are used throughout all of the programs in the package. That is, 

Numstates = Number of states, 

NumInputs = Number of Inputs, 

NumOutputs = Number of outputs. 

with above global variables, we have 

type Machtable 

= array[l .• Numstates, O •• NumInputs] of integer 

(3.1) 

(3.2) 

where the two upbounds of the array vary with the size of a machine. In 

the array, a column just is an input column in the machine table and a 

row a state row. 

The definition of a machine table array is suitable to both Mealy 

and Moore machines. In case of Mealy machines, we need two arrays, one 

for transition table and one for output table. And in the case of Moore 

machine one array is enough both for state transition and outputs 

where outputs column is the column 0 of machine table array. The 
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entries of the arrays are integers which represent states and outputs. 

Considering the situation of incompletely specified machines, we use 

integer 0 to indicate a don't care entry. 

SUMMARY: 

We have made 

NumStates 

NumInputs 

NumOutputs 

Input set 

state set 

output set 

don't care 

= 
= 
= 
= 
= 
= 
= 

number of states 

number of inputs 

number of outputs 

{I,2, ••• , NumInputsj 

{O,l, •.. , NumStatesj 

{O,l, .•. , Numoutputsj 

0 

Moore outputs = Machtable[-,O] 

3.2 Enter a Machine Table 

A machine table array is the internal form of a machine in DASM. 

We have to enter a practical machine table into an array. The way DASM 

applied is to use an DOS Edit program to edit a machine table in text 

form. The reason for this way is that one can easily enter or update a 

machine table by a familiar edit routine. DASM will read this text file 

and transform it into a machine table array. There are some parameters 

we should tell DASM, such as machine type, Mealy or Moore machine, and 

the size of a machine. They are put in the first two lines of a machine 

table text. The first one is I or o. Digital 1 indicates the Mealy 

machine and 0 the Moore machine. The second line consists of three 

numbers which represent the numbers of state, input and output in 

order. The rest of text are the entries: next state, and/or outputs 

which are in the exactly same form as a machine table. The state rows 

and input columns are implicitely recognized by DASM. 
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EXAMPLE: 

A machine table: data form of the machine: 

state input 
1 2 3 4 

.................................................. 
1 1/2 3/3 2/2 4/3 
2 2/1 2/2 3/1 0/0 
3 4/3 % 3/2 1/3 
4 3/1 3/1 2/2 2/2 

* entry = next-state/output 
* entry a = don't care 

SUMMARY: 

==> 

Mealy machine data structure: 

1 
4 

1 
2 
4 
3 

4 3 

2 3 3 2 
1 2 2 3 
3 a 0 3 
1 3 1 2 

1 

NumStates Numlnputs 

next-state/output 

Numoutputs 

next-state/output 

next-state/output ........ next-state/output 

Moore machine data structure: 

o 

NumStates Numlnputs NumOutputs 

next-state next-state output 

next-state ... next-state output 

2 4 3 
1 0 0 
2 1 3 
2 2 2 
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3.3 Representation of Partitions. 

A basic data involved in DASM running is a partition. Some other 

forms of data can be generated by partitions easily. For example, a 

partition pair consists of two partitions and a trinity of three 

partitions. Thus, we make a definition of data representation of a 

partition to cover all data structures in DASM. As we know, a partition 

is constructed by blocks. So, we can use an array for a partition like 

type partition = array [1 •• Num] of block (3.3) 

where Num could be one of NumStates, NumInputs or NumOutputs depending 

on the partition type. Furthermore, a block just is a set of elements. 

In particular, a block is a set of some states, of some inputs or of 

some outputs. In case of a state partition, 

type block = set of state. (3.4) 

and state is an integer type bounbed in 

type state = O .• NumStates. (3.5) 

DASM uses an array for the storage of partitions to meet the different 

purposes in the package, 

PIarray = array [ O •• MaxPartition ] of partition (3.6) 

where MaxPartition is depended on the memory size of a system. The 

array can be used not only for partitions, but also for pairs and 

trinities. 

SUMMARY: 

state = O •• NumStates 

block = set of state 

partition = array [1 .• Num] of block 

PIarray = array [O •• Maxpartition] of partition. 
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IV. THE SUBSTITUTION PROPERTY PARTITIONS 

In this chapter we discuss an important concept that will be used 

throughout this paper, which is the sUbstitution property (SP) 

partition. 

4.1 Principle 

First of all, we should explain what is a partition. 

Let Q be any set with n finite elements, 

... , 

Furthermore, let rr be a set of some subsets of Q, that is, 

Set rr is a partition on Q iff 

and 

k 

U B j = Q 
j • 1 

(4.1) 

In other words, a partition is a set of some disjointive subsets 

which cover all elements of Q. Subset B j is called a block of partition 

rr on Q. 

Usually, we use [qllf to denote the block of rr which contains the 

element q without explicitly indicating the name of a block. For any 

two partitions rr, r on Q, there are two operations defined by, 

rr = (Bl' B 2 , 

r = (81' 8 2 , 

... , 
••• I 
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7f • r = {A (4.2) 

7f + r = {A I VAO,A 1 ,· •• ,Am£7fUr AinAi+l~': 

A=U {AO ,AI' ••• ,Am} O~i<m} (4.3) 

(4.2) means that the meet of a block in 7f and a block in r forms one 

block of 7f·r, if it is not an empty set; (4.3) says that continually 

joint any two blocks in 7f U r which have at least one element in common, 

finally get a block of 7f + r. 

EXAMPLE: 

Let S = ( 1, 2, 3, 4, 5, 6, 7), 

7f = ( 1,3, 2,5, 4,6,7) 

r = ( 1,2, 3,5, 4,6, 7) 

7f • r = { 1,3 n 1,2 = 1, 2,5 n 1,2 = 2, 1,3 n 3,5 = 3, 

2,5 n 3,5 = 5, 4,6,7 n 4,6 = 4,6, 4,6,7 n 7 = 7 } 

= { 1,2,3,4,6,5,7} 

7f + r = ( 1,2,3,5, 4,6,7) 

where, 1,2,3,5 = U (1,2, 1,3, 3,5, 2,5) 

4,6,7 = U (4,6, 4,6,7, 7) 

In (20) a calculation way of 7f + r by hand was introduced which gave a 

strightforward method and guarantees the correct result obtained. For 

the above example, it is illustrated as follows: 



')[ { 

r { 

1,3 
2,5 

4,6,7 

1,2 
3,5 
4,6 

7 
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1 1 1 4 144 

1 2 3 4 567 

-x- -
I --*--~-
I 
I 

I 

I 
I 
I 
I -X- - - --X-

I I I 
-X

I 

')[ + r = { 1,2,3,5, 4,6,7} 

For a machine M= ( I, S, 0, a, ).), there are three different types of 

partitions, respectively on input set, state set or output set. 

A sUbstitution property (SP) partition is a partiton ')[ on S of M such 

that 

(4.3) 

Thus, a partition ')[ has SP iff for each x the next-state function maps 

all blocks of ')[ into blocks of ')[. On the set of all SP partitions of a 

machine, partition operations, + and·, are closed. That is, the sum 

(or product) of any two SP partitions is a SP partition. SP partition 

plays an important role in the algebraic theory of machines. It is the 

hard-core of most topics on machines which will be shown in the 

following sections. 

4.2 Algorithm 

There are several ways to calculate SP partitions of a machine. In 

DASM we applied the following steps: 

step 1. For all pair of s,t in S, calculate the smallest SP 

partitions ')[.,t. 

step 2. Do partition additions on set of ')[., t. Any partition sum 

of two or more partitions is an SP partition. 
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4.2.1 The S~allest SP's 

To calculate a smallest SP we take several procedures: 

Function EXIST is used to reduce the calculations of same pairs of 

states. For any s, t, if EXIST (s, t) is true, this means that s, t are in 

the same block of an n, and n.,t has been already done. 

Procedure SMALLSP is a recursive procedure which calculates the 

smallest SP partitions for a pair of states. Statement 

PI1 := Pl1 + Pl1 

order Pl1 to meet the definition of a partition because it is not in 

partition form during the calls of SMALLSP. 

FUNCTION EXIST(SI,S2: integer): boolean; 

inpu~: two states, 51 and s2; 

ou~pu~: if 51 and s2 are in a block of Pl1[I], EXISTS := true; 

procedure: 

begin ~ i: integer; 

glovar NumStates: integer; 

extvar PI1: partition; 

i :=1; EXIST := false; 

do i ~ NumStates ~ 

if SIEPl1[i] h s2EPl1[i] ~ 

EXIST := true; i:=NumStates+1 

not(sIEPl1[i] h s2EPl1[i]) ~ 

i:=i+1 
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PROCEDURE SMALLSP(Sl,S2: integer, var PI1: partition) 

input: two states, Sl and s2' machine table array; 

output: the smallest SP partition PI1 of Sl and s2 

procedure: 

begin var i: integer; glovar NumInputs: integer; 

i := 1; 

do i ~ NumInprts ~ 

if not(EXIST(3[sl,i),3[S2,i)) ~ 

PI1[3[Sl,i)):=PI1[3[sl,i))+[3[s2,i)); 

SMALLSP(3[sl,i),3[s2,i),PI1); i=i+1 

EXIST(3[sl,i),3[S2,i) ~ i:=i+1 

.Qs;l 

PI1:=PI1+PI1 

Algorithm SP 

input: machine table array; 

output: SP set PIarray; 

procedure: 

begin var i,j,p = integer; PIW 

{ smallest sp set } 

i:=l; p:=O 

do i ~ NumStates-1 ~ 

j:=i+1; 

partition; 

do j ~ NumStates ~ 

SMALLSP(i,j,PIW); 

od 

{ SP set } 

ALLP(l,P,P); 

if PIW not exists in PI array ~ 

p:=p+1; PIarray[p):=PIW; j:=j+1 

PIW exists in PI array ~ j:=j+1 
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In above routins as well as follows, a[] means the transition 

array and ). [] the output array of the machine in question. Procedure 

ALLP (1, P, P) is a universal procedure to do partition additions on the 

basic partition set PIarray[l •• P] and gives the results in PIarray 

again by variable P which indicates the last partition position in the 

array. ALLP is recursive and terminates when there is no new partition 

arised by addition of any two partitions in the array. 

4.3 Example 

Machine table: a:M0124.dat shown in Fig. 

from ir. v. d. Eynden; 

Procedure: 

4.1; 

Machine , 3lmo124.dat 

---------------------------------
~TA'l'E INPUT OUTPUT 

2 3 
, step 1. Run DASM by typing DASH 

under DOS prompt; ................................. 
step 2. Specify the data file by 

typing a:M0124.DAT; 

step 3. Select the function of SP 

partitions by typing s; 

step 4. specify the output file 

by typing a:H0124.SP; 

The result is in file a:M0124.sp 

and shown in Fig. 4.2. 

12 , 
, , 2 3 

J , 5 3 3 

'. 4 3 

5 5 5 6 3 

(. 0 " " 
7 6 3 

B • B 9 " 9 10 II 9 9 

III !O III Y " 
II 11 IJ 9 

12 12 12 

,', E'lltry-U for don't care 

II 

" 
0 

0 

0 

" 0 

0 

0 

II 

0 

0 

Fig. 4.1 Machine a:M0124.dat 

SF PARTITION OF atmo124.dat 

Partition L «l,3,6,9);(4,7,lO,12ll(Z,5,8,ll)} 

PAl'titian 2. {(7,'1) I (I) I (3) I (5) 1(6) 1(7) I (8) J(9) I (10) I (IJ), (12). 

P~I'1 Jtjnn 3. (0,4,5.7,8, )O,l1, 12)1 (l,3,6.Q)) 

Partit'ioll , . {(5.7) I ( 1) ; (2) I (3) I (") T (6) ; (8) I (9) ; (10) I ( 11) I ( 12)} 

Partitioll 5. f (8, 10) I ( J ) I (2) ; (3) I (4)1 (5) I (6) I (7) I (9) I ( 11) I ( 12)} 

Partition 6. { ( 2, ") I ( 1) I (3) I (5 I 7) I (6) r< 8); (9) I ( 10) I ( 11) r< 12)} 

Partition 7. I (2,4) , (J ) t (3) t (5) t (6) t (1) ~ (8, 10) ,( 9) \ (Iih ( l1.)} 

Pflrt"!t1('!1 8. { ('i, 7) I ( 1) I (:n r (3) I (4) I (It) I (S, 10) ; (9) I ( 11 ) I ( 12) } 

Partition 9. {(2.4)1(1)1(3),(S.7)1(6)ICS,10)r(9)1(11)rCI2)} 

Fig. 4.2 The SP partitions of a:M0124.dat 
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In the result file a partition is represented in a little 

different way. The elements in the same block are bounded by a pair of 

parentheses and separated by commas. Blocks in a partition are bounded 

by a pair of braces and separated by semicolons. For example, 

partition 

-- -- -=----:c....,,. 
{1,2,3,4,5,6,7} 

is written as 

{(1,2); (3,4); (5,6,7» 

in the result file. 
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V. PARTITION PAIRS 

5.1 Principle 

A partition pair is a pair of partitions with some restrictions. 

Due to the three sets, input, state and output, there are four 

different types of pairs in machine theory. 

An s-s pair consists of two state partitions. One is related to 

present states and another to nest-states. The two state partitions 

satisfy the follwing condition: 

Let n,T be two partition on set S of M. 

n = {A 1 ,A 2 ,····, Am} 

T = {Bl'B 2 ,····, Bn} 

(n,T) is an s-s pair 

<==> y AE1f Y xfI 3 BfT: A4 x6B (5.1) 

Thus, if every block of n can be mapped into a block of T by every 

input of the machine, 1£ and T form an s-s pair. That (n, T) is an s-s pair 

indicates that for the states in the same block of n, their next-states 

still in the same block of T. An s-s pair gives the information 

dependence between present states and next states of a machine. 

By the same way we can have the definitions of other three pairs. 

Let 1£ be a partition on state set S, and T on input set I, n on output set 

O. 

Then, 

(1£,fI) is an s-o 

<==> Y Afn Y xf1 

pair 

3 efn 

(T,1£) is an 1-S pair 

<==> Y BfT Y SfS 3 Afn 

(T,n) is an 1-0 pair 

<==> Y BfT Y SfS 3 efn 

A~ I lie (5.2) 

(5.3) 

(5.4) 
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Again, the three pairs depict the information flow dependences 

between two of inputs, states and outputs. Pairs are important 

concepts in state assignment, simplification etc. which will be 

discussed later. There are two operations on the set of some pairs. One 

is pair addition and another pair multiplication with following 

definitions. 

Let (n 1 ,T 1 ) and (n 2 ,T 2 ) be pairs with same attribution 

(n U T 1 ) + (n 2 ,T 2 ) 

(nU T1) * (n 2 ,T 2) 

"" (n 1+n 2 , T1+T 2 ) 

"" (n 1 ·n U T1 ·T 2 ) 

(5,5) 

(5,6) 

The operations are closed on the set of pairs. That is, the pair sum and 

pair procuct of any two pairs are pairs. We should mention it that the 

conclusion is hold only fo the pairs with same attibution. For 

example, the pair sum or product of two S-S pairs is an S-S, and so on. 

For the two components of a pair we have special names for them. 

The first one is M-partition and the second m-partition. Let (n, T) be a 

pair. Then, n is partition of T and T is m-partition of n. Pair en, T) 

can be called an MID pair. 

5.2 Algorithm 

In DASM, a pair set was found by the algorithm below. 

Algorithm PAIR (PairType: CHAR) : 

input: pairType = A for S-S pair 

= B for S-O pair 

= C for I-S pair 

= D for 1-0 pair: 

Machine table arrays; 

output: pair set of pairType 

procedure: 

begin ~ i: integer; gloyar CurrentPI: integer; 

BmPIS2(PairType, 1, CurrentPI): 

ALLP2(PairType, 1, CurrentPI, CurrentPI); 

9£ i ~ CurrntPI ~ 
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MPI(PairType, PIarray[i], PIW) 1 

writepair( PIW, PIarray[i]); 

i := i+l 

In the algorithm, procedure BmPIS2 calculates all basic m-partitions; 

ALLP2 does partition additions on the m-partions to get more m

partitions, and MPI gives a M-partition for one m-partition in the 

set. writepair writes the pair on a file, a disk or a printer. 

5.3 Example 

Machine table: a:me69fo.dat; 

shown in Fig. 5.1 

Procedure: 

step 1. Run DASM by typing DASH 

under DOS prompt; 

step 2. Select the function of 

partition pairs by 

typing P; 

step 3. Specify the data file 

by typing a:me69fo.dat; 

step 4. Select the function of 

pairs by typing A,B,C,D; 

step 5. specify the output file 

by typing a:me69fo.pp; 

type blme69fo.pio 

MRchinel alme69fo.dBt 

STATE iNPIJT 

2 ) 5 6 

.................................... 
2/) 3/2 5/8 'I' 1/ , 3/ , 

, 3/ ] 1/2 '/7 5/B 3/' 2/6 

1/3 2/2 6/9 6/7 2/' 1/5 

, 2/B 1/. 1/' 3/' 5/3 6/2 

, 1/7 7./8 ] /1, 2/6 6/3 I, /2 

6 3/. 3/7 2/1, 1/5 ,/3 5/2 

i, E'!ntrY-(I!ltate/ourput) 

,', elltr.v~U for don't care 

Fig.5.l Machine me69fo.dat 

The result is in file a:me69fo.pp and shown in Figs. 5.2-5.5. 



t1m S-S partition pa1t·: 

Pair 1. I {( 1.1) I (1) I (4) I (5) I (6) I. 

I( l,2,3) ,(4,5); (b)}] 

Pl'tl ,. I. ,~ {{(1,2,3)1(4,.5,6)}, 

I( 1,2,3) I (4,5.6») 

I'ail:" 3. (I( 1,4) 1 (2) I (3) I (5) I (6)}, 

{( 1,3.4,5.61 t (2» J 

Pl'tl.r 4. {I( I,G} I (2); (1) I (4) I (5)}, 

I( 1,4) I (2,3,5) ,(6)}) 

Pdr 5. r {( 1,6) I (2,4) I (3,5)}, 

{( 1./1) I (2,3,5.6)} 1 

1'air 6. t I (1,2,6) 1(3) I (4)1 (5», 

(II,Z,3,4.5);(6»] 

Pair 7 • ({( I) 1(2); (3,4) I (5) ;(6)}, 

{( I ,2,3,5,6); (4)}] 

Pair O. r t(U 1(2)1 (3,5H (11) 1 (6», 

{(1,4);12,J,bl,(5)}J 

( .. ,~" I pair with SP ) 

I Thh machine totally has 1 SP partitions 

----------END----------

Fig. 5.2 8-8 pairs 

Mm 5-0 partition pair= 

Pair 1. l{( 1,2); (3); (4,5) 1 (6)}, 
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Pair 2. 

(II) I (2) ;(3) I (4,6) I (5); (7,8,9)}] 

(I I 1,3);(1); (4,6); (5) I, 

Pail- 3. 

Pair I,. 

Pair 5. 

Pait· 6. 

Pall' 7. 

Pnir 9. 

Pair 10. 

Pair 11. 

Patr 12. 

Pair 13. 

Pair 14. 

{(1J I (2); (3) ;(1,,5) I (6) 1(7 .8.9)} J 

I {lI,411 121 I (3); ('j); (o)}, 

I( I) ;(2,3,4,8.9) 1(5) I (6); (7)}) 

{{( 1,5); (2) 10) ;(4) I (6)}, 

(11,(2,3,4,7,8)1(511(6,9») 

({( 1,3,4,6) I (2) I (5)} I 

{(I)I(2 I J,4.5,1,8,9';(6)}1 

I ( 1) I (Z,3) ,(4); (5.6)} I 

I( 111 (2); (3); (II) I (5,6) 1 (7,8,9)}) 

(I( 1) ,(2,4) I (3); (5), (6», 

I( 1) I (2.6,9,; (3,4,7,8); (5» J 

{{( '" (2,5); (3) ;(4) I (6)), 

({ll,(Z,6,8),(3,4,7),{5),(9l)] 

[{( I), (2,611 0) 1(4) 1(3», 

{( I); (2,3.4,6. 7 ,9), (5,8)} J 

I u 1) 1 (2); 0.5) 1 (4) 1 (6)), 

{(I)I(2.5.8),(3,4,6.7.9)}] 

[( (1) 1 (2) 1 0,6) 1 (II) 1 (5)}, 

{(1,,(1,5,7);13,4,9)1(6);(S)}] 

{{(I,Z,3) I (4,5,6)}, 

«1);(2);(3),(4,5.6);(7,8,9») 

[{( 1,2,4,5) 1 (3) ,(6», 

{(I);(Z.3,4,6,7,8,9)1(5») 

[{ (1,4); (2,3) I (5,6)), 

{(I)I(2,J,4,7,8,9);{5,6»] 

Fig. 5.4 8-0 pairs 

Hm J-5 pRrtition pairl 

PaIr 1. 

Pair 2. 

PAir 3. 

Pair I,. 

PRl.t: 5. 

Pair 6. 

Pah' 1. 

Pair 8. 

Pair 9. 

Pair 10. 

[{( 1,2) I (3) I (4) I (5)1 (61), 

{( 1,2,3) I (4H (5) 1(6» J 

[{( 115) I (2) 10) 1(4), (6)}, 

{( 1,2,5,6}1 (3,4» J 

[I( 1,6); (2,3) I (4,5», 

{(1,4),(2,3,5 16H] 

[(O) I (2,4.5) ;(3) I (6». 

{( 1,3,/,,5) H2,6» J 

[{( I); (2,6) I (3,; (4,5)), 

{(I.2,4,6);(3,5») 

[I (l,2); (3,4) I (5) I (6)}, 

«( 1,2,3), (4,.5)1 (6))) 

II (1) I 12l; (3,5); (4, I (6», 

{( 1 ,5) ;(2,J,4,6») 

[((1) I (2), (3,6), (4) ,(5», 

{(l,6);(2,3,4,5»] 

{{(1) I (2)1 (3) ,(4,5) ,(6», 

{(l,4)1(2,6);(3,5»)) 

{{( 1,2) 10.'" 1(5."», 

{( 1,2,3) 1 (4.5,6») 

----------END----------

Fig. 5.3 1-8 pairs 

Hm 1-0 partition pairl 

Pair I. 

Pair 2. 

PAie 3. 

Pair 4. 

PAir 5. 

Pair 6. 

Pair 7. 

Pair 8. 

Pair 9. 

Pair 10. 

Pair 11. 

Pair 12. 

Pair 13. 

[{(l,2) ;(3) ;(4); (5); (6)}, 

(O) I (2,3) 1(4) I (5) 1 (6) I (7.8,9)} 

[{( 1.1,5) I (2); (4) I (6» I 

U 1) I (2) 1(3,4, 7 .8,9) I (5) I (6)1 J 

tl( 1,3,4,51; (2) I (6», 

{(1);(2);(3,4,5,6,1,8.9»] 

I {( 1,6) I (2) ;(3,/l) ;(5)., 

{(111(2,7,8,9),(3,4,5,6)}] 

[{( 1); (Z,3); (4) ;(5) ;(6)}. 

{( 1) I (Z,4. 7,8,9) 1 (3); (5) 1 (6)}} 

[{(1);(2,1,4,6'1(5)}, 

«1),(2,4.5,6,7.8.9)1(3») 

(( l); (2,.')) 1 (3); (4) J (6)), 

« I); (2,") I (J,7,8,9) I (5) 1(6» 1 

I (tl) ,(2), (3,4), (5) 0(6», 

{(111(2)1(3),(4,5,6)1(7,8,9)}] 

r « 1) 1(2) 1 (3,6) 1 (411 (5)), 

( 111 (2.4,8) 1(3) ;<5,9); (6, 71t) 

{( (1); (2); (3}f (4), (5,6)), 

{(1)I(Z,3)1(4,5,6';(1),(8),(9») 

I « 1,2.3,5), (4) I (6)), 

({I),(2,3.4,7,8,9),(5,,(6»} 

r {( 1,2) 1 (3,4), (5,6H, 

1(1)I(Z,3),(4,5.6)1(7,8,9)}] 

f {(1) ;(2,5) I (3,/1) ;(6)), 

{(l); (2,4 ,5,6) I (3, 7 ,8,9)} I 

----------END------~---

Fig. 5.5 1-0 pairs 
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VI. PARTITION TRINITIES 

6.1 Principle 

A partition trinity (PT) is a triple of three partitions on input 

set, state set and ouprt set respectively. The three partitions are 

restricted by some conditions defined as follows. 

Let 7f be a partition on S, T on input set I and n on output set 0 of a 

machine M. Then, 

(T,7f,n) is a partition trinity 

<==> V AE7f V BET 3 A'E7f 3 CEn: 

Aa B ~ A' A A~B ~ C. (6.1) 

(6.1) is a general definition on any machines, completely or 

incompletely specified machines. For a completely specified machine, 

we can prove that (6.2) is equivalence to (6.1). 

(T ,7f,n) is an PT 

<==> (T, 7f) is an I-S pair 

A (T, n) is an 1-0 pair 

A (7f, 7f) is an s-s pair 

A (7f, .0.) is an s-o pair (6.2) 

Therefore, (6.2) also provides another way to determine an PT 

based on the calculations of pairs. The proof of (6.2) is omitted and 

can be found the details in [20J 

On the set of partition trinities there exist two operations, 

partition addition (!l and partition multiplication 0. Let (T l' 7f 1'.0.1) 

and (T 2 ,7f 2 ,n2) be any two PT's on a machine M. Then, 

(Tl'7fl'.o.d (!l (T 2,7f2,.o.2) 

= (T 1+T 2 , 7f 1+7f 2, .o.1+n 2) 

(Tl'7fl'.o.d 0 (T 2,7f zr .o. 2) 

= (T 1 *T 2 , 7f 1*T 2 , .0. 1 *.0. 2 ) (6.3) 



- 26 -

It was proved that two operations are closed on the set of all PT' s of M 

(20). And there are some interesting properties on the set of all PT' s. 

Let T be the set of all PT's of M. Then, 

<T; e, 0, TI ,To> 

is an algebraic system called trinity algebra. The two elements, T j 

and To, are identity and zero trinities defined by 

and 

T1=(T(I), 11'(1), n(I» 

To=(T(O), 11'(0), nco»~ (6.4) 

respectively. It says if the three partitions of an PT are identity (or 

zero) partitions, the PT is an identity (or zero) trinity. An PT gives 

the information flow dependence between inputs, states and outputs 

simultaneously. The concept of partition trinities is core of full

decompositions to be disscused late. 

6.2 Algorithm 

The caculation for PT's can be done by (6.1) or (6.2). We noted 

that in (6.2) an S-S pair (11', 11') means that 11' has SP. Then, that 

calculate SP partition first and further get other partitions is an 

easy way for the purpose. A complete description of this way is in the 

following algorithm. 

Algorithm PT; 

input: machine table arrays; 

output: PT set; 

procedure: 

begin var i: integer; 

get all N SP partitions; 

do i~N .. 

MPI(3, Plarray(i), PIS01); 

MPI(2, Plarray(i), Pli); 

RMPI(4,Pli,PI0 2); 
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if PI01=PI02 ~ 

(Pli, Plarray[i], PI01) is an PT; 

i := i+1 

PI01~PI02 ~ i := i+1 

In above algorithm, 

get all N SP partitions; 

is a procdure discussed before, which produce all SP partitions kept 

in Plarray [1 .. N]. After getting the SP partitions, we search them one 

by one with the following step: 

RMPI(3, Plarray[i], PI01); 

finds the m-partition of Plarray[i]. First parameter instructs the 

procedure to work on the I-S pair. 

RMPI(4,Pli,PI02); 

produce the m-partition for Pli and first parameter means this is an 1-

o pair. Finally, we have to test whether PI01 and PI02 are the same 

partition. If they are identical it means (Pli, Plarray[i], PI01) is 

an PT. Otherwize not. 

An alternative way for last procedure call to find the m-partition 

PI02 of Pli is to judge if (Pli, PIOl) is an I-S pair which can be easily 

implemented by making a new procedure. 

In the algorithm, in order to simplify the description, we ignore 

parameters which are used to speed up the calculation and can be easily 

understood from source programs. 
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6.3 Example 

Machine table: a:me8886.dat shown in Fig. 6.1. 

Procedure: 

step 1. Run DASM by typing DASH 

uunder DOS prompt; 

step 2. Select the function of 

trinity by typing T; 

step 3. specify the data file 

by typing a:me8886.dat; 

step 4. Select the function of 

basic PT's by typing B; 

step 5. specify the output file 

by typing a:me8886.bpt. 

type blme8886.bpt 

Hn"h' "PI n :m1'88R6 .rlilt 

STATE InPUT 

2 3 4 5 • 8 

.............................................. 
./1 5/2 8/1 7/2 215 1/. 4/5 3/. 

2 ."> 12 6/2 7/2 8/2 1/6 2/6 3/6 4/6 

J 8/1 7/2 ./3 5/4 415 3/. 2/1 1/8 

7/2 8/2 5/4 6/4 3/. 4/. 1/8 2/8 

, '7./5 1/(, 4/5 3/6 6/5 5/. 8/5 7/6 

" 1/. 2/6 3/. 4/. 5/. ./. 7/. 8/. 

4/5 3/6 217 1/8 8/5 7/. ./7 5/8 

• 3/. 4/. 1/8 2/8 7/. 8/. 5/8 ./8 

----------------------------------------------
,', l'Intry-(statP!/olltp"t) 

,'t (,llt-l'Y-O fOl' don't care 

Fig. 6.1 Machine a:me8886.dat 

THE BASIC NONTRIVIAL PARTITION TRINITY OF MACHINE HI 

----------------------------------------------------
PT l. HI 1,2); (5,6); (7,8); (3,.4)}. 

( 1,2); (1, I!) I (5.6) 1 (7 ,8)}. 

{( 1,2); (3,4) I (5,6), (7,8»] 

PT 2. (I (1,311(6,8) c(5,n l(2,4)'. 

I (1,311 (2,4) 1(5,7) 1(6,8). 

(1.3'J(2.4},(5.7,,(6,8)}J 

PT 3. [{I 1,4); (6,7)1 (5,8) I 12,3)}, 

{(1,4);(Z,3);(5,8);(6,7)', 

I (I,Z,3, ,., 1 (5 ,6, 7 ,B,. I 

P'T 4. ({( I, 'i) ;(2,6) 1 (4,8), (:1, 7)}, 

« t ,5H (Z,6) 1 (3,7) 1 (l1,8U. 

If J .5), (2,6),0,7), (4,8» J 

PT 5. I I (1,6) I(Z,5}f(3,8) ;(4, 7)}, 

I( t,6) 1 12,5) 1(3,8) 1(4, 7)' I 

I( t,Z,5,6) ,(3,4,1 ,8» J 

P'T •• I {(1, 7), (1',6) I (3,5) r (2,8)}, 

{(l,1';(Z,8),(3,5),(4,6)}, 

f(l,3,5,1,,(Z,4,6,8)}) 

PT ]. [« 1,2,3,4) 1 (5,6, I,8)}, 

((1,Z,J,4)1(5,6,7,8)', 

{(I,Z,J,4),(S,6,1.8)}) 

PT 8. 1(l,Z,5.6);(J,4,1,8)}, 

« 1,2,5.6) 1<3,4,' ,8)}, 

ffl,7..j,6),13,4,7,8)}) 

PT 9. ({(1,3,5,7';(Z,4,6,8)}, 

{(1.3,5,7)I(Z,4,6.8)}, 

« I,) ,5, 7) 1 (2,4 ,6,8»] 

Fig.6.2 PT's of a:me8886.dat 

The result is in file a:me8886.bpt and shown in Fig. 6.2. 
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VII. EQUIVALENT STATES 

7.1 Principle 

Equivalent states are states that for any input sequence applied 

to the machine, the output sequences are identical. Therefore, 

equivalent states are undistinguishable states in the behaviour of 

machines. 

Symbolically, we have 

s:t <==> V xEI*: sAx = tAx (7.1) 

The determination of two states, of course, can be carried out by 

(7.1). But, to search for all input sequence is time-consuming and, 

sometimes, probably impossible. We should try other way for this. We 

noted that there is the concept of output consistent SP (O.C.S.P) 

partitions defined as follows. 

Let T( be an SP partition. If for all x in I and all pair of sand t in 

s, 

[S] = [t] (7.2) 

then T( is an O.C.S.P. In other words, an O.C.S.P partition is an SP 

partition in which all elements in the same block have identical 

outputs. 

In (7.1), from the definition of A, we know, for any input sequence 

and s,t E S 

sA =s' x AXI X2 ... Xn 

=(SAXI)(S~XIAx2 ) ••• (s~X! ... xn_IAxn ) 

t~x =(tAXI)(t~xIAx2 ) ••• (t~xI ... xn_IAxn ) 
(7.3) 

Since T( has SP, for any input sequence X in I* 

(7.4) 

and from (7. 2) , 
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(7.5) 

Repeatedly applying (7.4) and (7.5) to (7.3) we obtain 

which means that sand t are equivalent states from (7.1). 

conclusively, we have proved that 

If IT is an O.C.S.P, then the blocks of IT are 

sets of states which are equivalent to each other. (7.6) 

The conclusion shows a way to us for finding equivalent states: find an 

S.P partition and check if it is output consistent. If it is then the 

partition gives the equivalent state classes. 

7.2 Algorithm. 

An algorithm based on (7.6) is shown as follows. 

Algorithm EQStates; 

input: machine table arrays; 

output: O.C.S.P partition set and equivalent state classes; 

procedure: 

begin var i,j: integer; 

get all N SP partitions; 

(check O.C. property) 

i: =1; j : == 0; 

do i < N -+ 

if PIarraay[i] has O.C.S.P -+ 

od 

j:=j+l; PIarray[j] := Plarray[i]. 

PIarray[i] has no O.C.S.P -+ skip 

fi 

i:=i+l 

11 j~l -+ PIarray[l] gives equivalent state classes. 

I j=O -+ no equivalent states • 

.ti 
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In the above algorithm, "get all N SP partitions" is realized by 

the early procedure of SP partitions. The partitions ara put in 

PIarray in the order of increasing block numbers of partitions. This 

lets us get the largest class of equivalent states. 

The step "PIarray[i] has O.C.S.P" is done by a small procedure by 

which the outputs of states in every block for all inputs are checked 

to see if they are identical. Once failure for some block, the 

procedure stops and returns false of O.C.S.P for the SP partition. 

7.3 Example 

Machine table: a:me1242.dat shown in Fig. 7.1. 

Procedure: 

step 1. Run DASM by typing DASH 

under DOS prompt; 

step 2. specify the data file 

by typing a:me1242.dat; 

step 3. Select the function of 

O.C.S.P by typing 0; 

step 4. Specify the output file 

by typing a:me1242.osp. 

step 5. Select the function of 

equivalent states by 

typing E; 

step 6. Specify the output file 

by typing a:me1242.eqs. 

H~c1d.lle : a!rnO!12 /12.f.1at 

----------------p---------
STATE INPUT 

2 3 4 

.......................... 
3/1 4/1 2/1 4/1 

2 7/1 5/1 8/1 5/1 

J 7/1 5/1 V/1 5/1 

4 j /1 5/1 5/1 5/1 

5 (, /1 ('/1 6/1 ()' I 

6 1/1 1/1 1/1 1/1 

9/1 6/1 10/1 6/1 

8 rIll 6/1 12/1 6/1 

Y In 1/1 1/2 1/1 

HI 1/2 1/1 1/2 1/1 

11 1/2 1/1 1/2 1/1 

12 1/2 III 1/2 1/1 

,~ E'nt l'y~ ("'tate loutpllt ) 

,', entry .. O for don't care 

Fig. 7.1 a:me1242.dat 

The result is in file a:me1242. osp and a:me1242. eqs shown in Figs. 7.2 

and 7.3. 

This example was from [21]. 
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U(:SP PART1TTON OF a:me1242.dl'lt 

PArtition !. {( 1..3) I ( 1) ; (It) I (5) I (6) 1 (7) I (8) I (9) ; ( lO) I ( 11 ) I ( 12)} 

Pard_tion 2. {( 1 ,8) I (9,11) I (10,(2) I (1) I (2); (3); (4) I (5) ;(6)} 

Partition 3. {{9, 10) I ( I ) I (2) I () I (4) ; (5) ; (6) 1 (7) I (8) I ( 11) ; ( 12» 

ParLition ,. {(9, (1) I (1); (2); (3) I (4) 1 (5) I (6); (7); (8) I (10); (I2l) 

Part.f.tion 5. {(9, 12); (1); (2); (3) ;(1+); (5) I (6) I (7) 1 (8); (lO); (1I)} 

Porti.tion 6. 1 (10, 11) II 1) I (2l; (3H (Ill I (5) ;(6) I (7) I (8) I (9) I (12l) 

Partition 7. {( 10, 12) I ( 1) I (2) I (3) I (4) I (5) I (6) I (7) I (8) I (9) I ( II)} 

Part! tlotl B. {( 11, 12) II I) ;(2); (3)1 (4) I (.')) r(6); (7) I (8); (9); (10)} 

Partition 9. { (2,3) I ( 1) I (4) I (5) I (6) I (7,8) I (9.11) I ( 10, 12)} 

Partition 10. {(1.,3)1(1);(4);(S);(6);(7)1(8);{9,lO);(11);(12)} 

Partition 11. {( 2,3) I ( i); (ld I (5) I (6) 1(7) I (8) I (9, Ii) ,( 10) I ( lZ) t 

Partition 12. ((Z,3) I (1); (4) I (5), (6) ,(7) I(SlI (9,IZ) It 10) I (ll)} 

PArtition 13. {(Z,3)1(1);(4);(5)1(6)1(7)ltS),(9);(IU,II);(IZ}) 

Partition l' . {( Z, 3) ; ( 1) 1 (4); (5); (6) ; (7) I CS} I (9) ; ( 10,12) I ( 1 J )} 

Partition 15. {( Z ,3) ;( 1) I (4) I (5)1 (6) I (7) I (8) I (9) ; ( 10) 1 ( 11, lZl) 

Poetition 16. e (7 ,8) ;(9,10, 11, 12) I (I) I (2) I (3) I (4) 1(5); (6)} 

Partition 17. 1(9, )H,ll) I (I) I (2) I (3) I (4) 1(5) I (6); (7) I (8) I (12l) 

Paetition 1". t (9,10, 12) I (1); (2) I (3), (4) ;(5); (6); (7) ;(8), (11» 

Part:l.tton 19. {(9,1O); (1)1 (2); (3); (I.); (5) ,(6); (7) ;(8); (11,12» 

Partition 20. t (9.11.12) f{ I) I (2) I (3) I (4) ,(5) , (6) I (7) I (8) I ( 10» 

ParTition 21- {( 9, ll) ; ( 1 ) I (2) I (3) ; (4) I (5) I (6) I (7) ; (8) I ( 10, 1 Z» 

Partition 22. ( (9,12) I ( 1) I (2) I ()) I (4) I (5) I (6) I (7) I (8) I ( 10,1 i)} 

PRrt:ltioli 23. {( 1O,ll,IZ); (1); (Z); (3); (4) ;{5}; (6) I (7) ;(8); (9» 

Partition 21,. I (2,3) I ( 1) ; (4) I (5) I {6} I (7 ,8) 1 (9,10,11, IZl) 

Partit.ion Z5. {(2,3); (1) I (4) I (5), (6) I (7) I (8) 1 (9, 10, 11); (12» 

Pal"1 II lon 26. {(2,1); (I) I (4) 1 (5); (6); (7), (8) 1 (9,10,12) 1 (ll)} 

Partition 27. {( 2,3); ( 1) ; (4) ; (5) I (6) ; (7) ; (8) I (9, 10) ; ( 11. IZl) 

Parl.it:iuH 2B. «Z,3); (1) ;(4) I (5); (6) 1 (7); (8); (9,11, 12) I (IO)} 

Portition 29. {(Z,3) I (1); (11); (5); (6) ,,7); (8); (9,11) I (10,12). 

I'Rl"tirJou 30. «1'.,3) II III (4) I (5); (6); (7) 1 (8); (9,12); (lO,I!)} 

PRrt.ition 31. ((2,) I( 1) I (4); (5)1 (6) ;0); (8); (9); (10, 11,12)} 

Partition 32. {(9, 10.11.11'.); (1) ;(Z) I (3); (4) ;(5) 1 (6) I (7); (a)} 

Partition 33. {(2,)}; (I); (4); (5); (6); (7) ;(8) ;(9, 10, 1I,12)} 
________ =_m~_ENDB ______ ~ ____ _ 

Fig. 7.2 o.c.s.P partitions of a:me1242.dat 

Til ... ('qllivalence st.ates of IlIme1242.dat 

S I ~'I '" ('(luI.V;} ll:'l1l'E' (' tass 1, (I} 

Slnl p ""IIIIvf'llo:!ure ~"lAS3 2, (2,3) 

Slate equivalence class 3, ('I 

HtrHf> eqlli-JRieuce class " 
(51 

St'l1t-P e'lu-Lvfllence class 5, (o) 

~I-nl'p p(P,IVIl)I"IWE' clAss ", (7,8) 

51 ute i''I"IVIl 1"'11<.:e class 7. (9,10,11,12) 

"" -- --- ---"- ~- - ---- .. F.NLJ-"-"--~--"---"-""'''' 

Fig. 7.3 The equivalent state classes of a:me1242.dat 
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VIII. MINIMIZING MACHINES 

8.1 Principle 

For a completely specified machine, to minimize it is easily done 

by an o.c.s.P partition. Firstly, find the maximal equivalent state 

classes. secondly, take each equivalent state class as a new state for 

the reduced machine. Finally, the output of a new state comes from one 

state in the correspondent block. 

Let 1£ = {A 1 , Ap •.• Am} be the maximal o.c.s.P partition of machine M 

and M' be the reduced machine of M. So, 

and 

where 

M = (I, S, 0, a, ~) 

M'= (I',S',o',a',~') 

1'=1; 0'=0; S'=1£; 

VAE7f VXEI lSEA: Aa'x = [Aax]~ 

and A~'x = s~x. 

8.2 Algorithm 

Algorithm MinMach; 

input: machine table arrays; 

output: minimized machine M; 

procedure: 

begin var i,j, next state , output: integer; PIW: partition; 

get a maximal O.C.S.P partition PIW; 

write inputs; 

i := 1; 

do i ~ IPIWI -+ 

get a new line; 

j : = 1; 

do jSNumlnputs -+ 

write(i); 

Findastate(PIW[i], s); 

(8. l) 

(8.2) 
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FindaBlock(~[s,j], PIW, B); 

nextstate := B; 

output := ~[s,j]; 

write (nextstate, "/" , output); 

The procedure "get a maximal O.C.S.P partition" is basicly like 

the algorithm EQStates; "write inputs" makes the headers of all 

inputs; FindaState takes a state s from PIW[i]; FindaBlock puts the 

block B in PIW, which contains state s; the reduced machine is put on a 

printer or on a disk file. 

8.3 Example 

Machine table: a:me1222.dat shown in Fig. 8.1. 

Procedure: 

step 1. Run DASM by typing DASH 

under DOS prompt; 

step 2. Select the function of 

minilizing machines by 

typing H; 

step 3. specify the data file 

by typing a:me1222.DAT; 

step 4. specify the output file 

by typing a:me1222.min 

MRl'hlll"': Alm"'IZZZ.d:lt_ 

STATE INPUT 

2 

2/1 3/1 

2 ,/I 5/1 

) (j 11 7/1 , 8/1 9/1 

5 W/1 11/1 

(, 

'" 17/ 1 

7 1011 lI/l 

8 8/' III 

9 10/2 III 

'" '/I 1/' 

II 2/1 1/1 

12 2/1 1/1 

'l entrY-(.!Itate/output.) 

,~ f>1I11"Y-O [or dtlll'l care 

Fig. 8.1 a:me1222.dat 

The result is in file a:me1222.min and shown in Figs. 8.2 - 8.4. 

This example was from [25]. 
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DCSP PARTITION OF alme1222.dat 

parI '-tion I. 

Pan J t lou 2. 

Pnrtition 3. 

Partition 4. 

«( 1,3,5,7 ,11. I?)! (7.,6,101 ~(4) ,(8}t(9)! 

{(.'l,n; (1) ;(2) I (3) I (4) I (6) I (8) ;(9); (10) J (11); (12)} 

{ ( II, 12) I ( 1) I (2) I (J) I (4) I (.5) I (6); (7) 1 (8) ; (9) 1 ( 10)} 

((5,7) f( 1) J (2) I (3) I (4) I (6h (8) t (9) I (10); (11, 12)} 

_~---_a_------END----_~ ______ _ 

Fig. 8.2 D.C.S.P partitions of a:me1222.dat 

STATE INPUT 

2 

The equIvalence states of aunelZ22.dat 

State equivalence class h {l,J •. J,l,ll.12} 

StntE! equi.valence class 2. {Z.6.1O} 

State equivalence class 3. {'I 
State equivnlence class 4. {S} 

SLAt.e equivalence ('l~ss 5, {9} 
--~m-~ __ -__ --_a_-END----_____________ 

Fig. 8.3 The equivalent 

state classes 

2/1 1/1 

2 3/1 1/1 

3 4/1 5/l 

4 4/1 1/1 

5 2/2 1/1 

.,. entry-(atate/output) 

.,. entry"'O for don' t care 

Fig. 8.4 Minimized a:me1222.dat 
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IX. DECOMPOSITIONS ON STATES 

9.1 Principle 

Decompositions of a machine were proposed in 1960's. During that 

time to reduce the internal components was mainly reason due to the 

techniques of integrated circuits. A reduction of internal component 

largely depends on the reduction of states of a machine. Decomposition 

theory was such a theory by which we could make two or more machines 

each of them has fewer states and works togerther to realize the 

behaviour of the original machine. 

Decompositions on states can be classed in two types. One is 

parallel decomposition. That is, the two component machines work 

independently with common inputs and outputs. Another is serial 

decomposition. On the connection of two component machines, one of 

them takes inputs from another one's states or outputs. Thus, the 

second machine (we call it a tail machine) works not only on the common 

inputs but also on the results of the first machine. 

Decomposition theory shows that for a parallel decomposition, we 

must find two orthogonal SP partitions. The SP partitions can be used 

for forming the component machines of the paralle decomposition. If 

there do not exist such two SP partitions, the machine is said not to be 

parallely decomposable. Similarly, for a serial decomposition we need 

an SP partition and a partition that they are orthogonal. 

SUMMARY: 

Let M be a machine, MI and M2 be two component machins. 

M ~ MI " M2 <==> 3 I, r on M: 

(I and r have SP) A I· r = 1(0) (9.1) 

where MI = (I, I, ~ , ) ; M2 = (I, r, ~ ") ; 

V All V XlI: A~' = [M x J,r (9.2) 
x 

V Blr V XlI: B~II = [B~xJ,r (9.3) x 

M <I MI -+ M2 <==> 3 I, r on M: 
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(1£ has SP) " (1£ 0 T = 1£(0» (9.4) 

where MI = (I, 1£, a I ) ; M2 = (1£ x I, T, a") ; 

V AE1£ V xEI: Aa I = 
x [M x] 11 (906) 

V BET V xEI V AE1£: 

B3
1i ~ , x ) = [ (AnB) a x] 11 (9.7) 

and V SIE1£, S2ET: AI (SI,S2,X) = (s l ns 2)A x (9.8) 

where AI is the mapping for the output of connections. 

9.2 Algorithms 

The algorithms for decompositions on states largely rely on SP 

partitions. Once getting some SP partitions, we need find two SP 

partitions their product is zero-partition. In the case of serial 

decomposition we should calculate a partition from one SP partitions. 

We take the largest one to get an optimum decomposition, that is, the 

component machines have the fewest states. 

Algorithm PDECOM; 

input: machine table; 

output: two component machines MI and M2; 

procedure: 

begin var, i, j, iI, jl: integer; find: boolean; 

get all N SP partitions; 

if N=O ~ no paralled decomposition; exit 

N;tO ~ 

find := false; i := 0; 

do (not find) or i s N ~ 

i := i+l; j:=i+2; 

do (not find) or jSN ~ 

if PIarray[i]oPIarray[j] = 1£(0) ~ 

find :=true; 

I PIarray[i]oPIarray[j] ;t 1£(0) ~ 

j=j+l; 
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if not find ~ not parallel decomposable; exit 

I find ~ (build the component machines) 

Algorithm SDECOMP; 

il : = I; 

do il ~ iPlarray[i]i ~ 

jl:=l; 

od 

do j1 ~ Numlnputs ~ 

findastate(Plarray[i,i1], s); 

findablock(Plarray[i],a[s,j],B); 

MI [il,j1] :=B; 

j 1:=j 1+1 

od; 

i1=i1+1 

i1 := 1 

do i1: ~ iPlarray[j]i ~ 

j1:=1; 

do j1 S Numlnputs ~ 

findastate(Plarray[jl,i1],s) ; 

findablock(Plarray[i], a[s,j], B); 

MI [i1,j1] :=B; 

j 1: =j 1+1 

QQ.; 

il=i1+1 

input: machine table arrays; 

output: component machines MI and M2 of a serial decomposition; 

procedure: 

begin var i1,j1,j2 : integer; 

get alII N SP partition; 

if N=O ~ no serial decomposition; exit 

i N10 ~ il := 1; 
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do il ~ Iplarray[l]I ~ 

j 1: =1; 

od 

do jl~Numlnputs ~ 

findastate(Plarray[l,il],s); 

findablock(Plarray[I], a[s,jl],B); 

Ml [il,jl] :=B; 

j 1 :=j 1+1 

od; 

il=il+l 

ORTHPART(Plarray[I], PIW); 

il : = 1; 

do il ~ I PIW I ~ 

jl:=I; j2:=1 

do jl~IPlarray[I]1 ~ 

do j2~Numlnputs ~ 

od; 

sl := PIW[il]-Plarray[l,il]; 

findablock(PIW, a[sl,j2], B); 

M2 [il, (jl,j2)] :=B; 

j2:=j2+l 

j l=j 1+1 

Ql! 

il:=il+1 

The procedure ORTHPART calculates a partition PIW which is 

orthogonal to PlarraY[I]. Findastate and FindaBlock are the same as 

used before. Ml and M2 are two machine table arrays that keep the 

entries for component machines in the decompositions. 
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9.3 Example 

Machine tables: a:me622.dat shown in Fig. 9.I.from [21), 

a:me722.dat shown in Fig. 9.2.from [3), 

Procedure: 

step 1. 

step 2. 

step 3. 

step 4. 

step 5. 

step 6. 

step 7. 

step 8. 

Run DASM by typing DASH under DOS prompt; 

Select the function of decompositions on states 

by typing D, 

Specify the data file by typing a:me622.DAT; 

Select the function of parallel decomposition 

by typing p, 

Specify the output file by typing a:me622.pde; 

Specify the data file by typing a:me722.DAT; 

Select the function of serial decomposition 

by typing s, 

Specify the output file by typing a:me722.sde. 

The result is in file a:me622.pde and a:me722.sde and shown in Figs. 

9.3 and 9.4 

'h',,',,',,', HACIlINE ":me722.dat ,'c':,,',,',,', 

----------------
STATE lNPUT 

S'l'i\TI\ lNPIJT OUTPUT 
2 

2 ................ 
211 3/1 

2 3 0 , lJ/ 1 5/1 
2 J 4 (I , 5/1 4/1 

4 ') 0 I, 6/1 7/1 

4 5 6 0 5 7/1 6/1 

5 6 1 0 6 III 1/1 
620 1/2 1/2 

,~ entl'y"(stlltefulItJ-ltlt) 

it entry-O fot' don't care 

Fig. 9.1 Machine a:me622.dat Fig. 9.2 Machine a:me722.dat 



TilE PARALLEL DECOMPOSITION OF alUle622.dat 

STATE 

, 

INPUT OUTPUT 

2 

2 

2 

o 

o 

Partition 2 - {(1,4);(Z.5),(3,6)} 

STATE 

, 
J 

INPUT OUTPUT 

2 

2 J 

J 1 

2 

o 
o 

o 

THF. HAPPIN!;:( M .. -> MIIIH2 ) 

(STI\TE,UU'l'PUT) ... ,. «(SlxS2). (01'"'02» 

(J ,0) --> « I, 1). (0'·'0») 

(2,0) --> «2.2),(O'~U» 

(:1,0) --> «I,3),(W'fI» 

(11,0) '-> «2,1). (0"'0» 

(.'i,O) --> « 1.2). (0,"0» 

(6,U) -~> «2,3). (0'·'0» 

- 41 

Fig. 9.3 Parallel decomposition 

of a:me622.dat 

TilE SERIAL DECOMPOSITION OF MAClurm 8ulls122.dat 

Partition I - ((l,4,5);(2,3,6,7» 

STATE INPUT 

2 

2/1 2/1 

2 III 1/1 

,~ entry-(stat.e/out_putl 

* entry-O for don't care 

***** MACHINE H2 .. ,**"'* 

PartLtion 2 - {(l,Z);(3,4);(5,6);{7)} 

STATE INPUT(Shl) 

(1,1) (1,2) (2, 1) (2,7.) 

2 

J 

4 

2 

J 

o 

2 

" 
J 

o 

J 

2 

J 

2 

OUTPUT 

o 

o 
o 

o 

f'The next stat:e 0 I Dou't care. 

THE MAPPiNG I ( M "'~> {Ml-->M2} ) 

STATE m_> (SlxS2) 

--> (1,1) 

2 --> (2.1) 

J --> (2,2) 

4 --> (J ,n 
5 ._> (I,]) 

6 --> (2,J) 

= .. > (2.4) 

Fig. 9.4 Serial decompOSition 

of a:me722.dat 
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x. FULL-DECOMPOSITION OF MACHINES 

10.1 Principle 

In last chapter we have known how a machine can be decomposed on 

its states. That is, the component machines have few states. Usually, 

the component machines keep the same sizes of input set and output set 

as the original machine. The decomposition results in a partition only 

on the internal elements of a circuit. In this chapter, we deal with 

the decomposition both on state set and on input and output sets. This 

is so-called full-decomposition of sequential machines. An important 

charateristic of a full-decomposition is that we can make 

decomposition on the pins and connections of systems. 

A full-decomposition is defined as follows. 

Let M= (I, S, 0, a, ~) be a Mealy machine. From the study in [20], it is 

proved that if there are two partition trinities which are orthogonal, 

then M can be realized by the parallel connection of two smaller 

machines which are formed by the two partition trinities. That is, 

Tl 0 T2 = T(O) 

==> M <I Ml II M2 (10.1) 

where Tl and T2 are two orthogonal PT's and 

T 1 =(Tl,7fl,I'l.l) 

and T 2=(T2,7f2,n2) 

M1= (Tl, 7l'l,nl, ~', ~') 

M2= (T2,7f2,n2,a",~") 

The transition functions and output functions are defined by 

(10.2) 

(10.3) 



and 
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v A2£rr 2 V B2£T 2 : 

A23~2 = [A23B2]~2 

A2~" B2 

(10.4) 

(10.5) 

The partition trinities keep that for any A1 and B1 , A13 B1 is 

certainly contained in and only in a block of rr1, and that Al~Bl is 

certainly contained in and only in a block of Sl.1. It is the same for 

(10.4) and (10.5). Also, the orthogonal property of two PT' s 

guarantees each element in original machine sets of state, input and 

output is mapped into one element in Ml and one element in M2, e.g. 

v S £ S: 

V x £ I: 

V y £ 0: 

10.2 Algorithm 

s ~ ([Shl' [Sh2) 

x~ ([x]Tl ,[X]T2) 

y ~ ([Y].n.l' [y].n.2) 

(10.6) 

(10.7) 

(10.8) 

using the algorithm for PT's in chapter 6 we can find the 

orthogonal PT's. If there exist no such PT's, the given machine is not 

full-decomposable. For the orthogonal PT's, using (10.2) through 

(10.5) , the component machines Ml and M2 can be formed. The mapping can 

be easily obtained based on (10.6), (10.7) and (10.8). 

Algorithm PFdecomp; 

input: machine table arrays; 

output: two component machine tables; 

procedure: 

begin var N: integer; MSl,MOl,MS2,M02: MachType; 

get all N PT's; 

if N<6 ~ "it is not full-decomposible", exit; 

N~6 ~ 

do there are two largest orthogonal trinites: 

PTI and PT2 ~ 

SETSUBM(PTl, MS1, MOl); 

SETSUBM(PT2, MS2, M02); 

set mappings; 
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od 

write machine tables; 

In the algorithm, we judge N>6 because an PT is located in three 

partitions. If N<6, it means there are no two PT' s which implies there 

is no parallel full-decomposition. The do loop finds all pairs of 

orthogonal partition trinities and set up the corrospondent component 

machines based on the PT's. SETSUBM is a procedure which calculates 

the transition and output table. The results of SETSUBM are two 

machine table arrays. "Write machine tables" writes the component 

machine table arrays on a file or on a printer. 

10. J Example 

Machine table: a:me8886.dat shown in Fig. 6.1; 

Procedure: 

step 1. 

step 2. 

step 3. 

step 4. 

step 5. 

Run DASM by typing DASH under DOS prompt; 

Select the function of full-decompositions 

by typing F; 

Specify the data file by typing a:me8886.dat; 

Select the function of parallel full-decomposition 

by typing P; 

Specify the output file by typing a:me8886.pfd. 

The result is in file a:me8886.pfd and shown in Figs. 10.1-10.9. 
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'1'[m I'tI],J.··IJRCOMrOSl'rION 1 OF MACHINE HI 

TRINITY 1. ({(1 1 2)1(5,6);C7,81;(3,4)}, 

( 1,2) I (3,4) I (5,6); (7,8)). 

I (1,2); (3,4); (5,6); (7 ,8) J J 

Th!! Submacldne HI Based on Trinity 1: 

S1'A'J'E INPUT 

2 3 4 

..................................... 
2/1 3/1 1/3 4/3 

2 1/3 (1/3 2/3 3/3 

:I 4/3 1/4 3/3 2/4 

3/1 2/2 4/3 1/4 

TRUHTY 2. [{(1,3)1(6,8);(5,n;(2,4)}, 

{( 1,3) J (2,'.) ;(5, 7); (6 , B)}. 

{( 1,3) ;(2,4) I (5, 7) I (6,B)} I 

Th", Suhml'lt'hille H2 Bflsed on Trinity 21 

STATF. INPUT 

2 3 4 

..................................... 
2/1 3/2 4/3 1/4 

2 1/4 4/4 3/4 2/4 

3 4/3 1/4 2/3 3/4 

4 3/2 2/2 1/4 4/4 

,~ enll:y-(state/output) 

HAPPING: ( M --> Mll/M2 ) 

STATE: It~PU'f: OUTPUT: 

(S~(SlxS7.) (l"(llxI2» (O-(Olx02» 

,~( I, I) ]-( 1,1) 1- ( I , I) 

7._( 1,4) 2-( t. Z) 2" ( 1 , Z) 

)= (1,,1) 3-(2, U 3-(2,1) 

I,,.., (I" II) 4~(2,2) 4-(2,Z) 

'1 ~ (') , "l) 5-(],3) 5-(3,3) 

(,~ (I., '}) 1l=(J,'<) 6-(3,4) 

1-(:1,)) 7-(4,3) 7-(4,3) 

8~(),2) 8-(1.,4) 8-(4,4) 

Fig. 10.1 Full-decomposition 1 

TIlE FUI,L-DF.COMPOSITJON 2 OF MACHINE HI 

TRINITY], [{(1,2)1(5,6);(7,R);O,4)}, 

({ 1,2) ;(3,4) I (5,6) I (7,8)}. 

I( 1,2); (3,4) I (5,6) I (7 ,8)} I 

Tlte Submachine HI Based on Trinity 11 

STATE INPUT 

2 3 4 

..................................... 
2/1 3/1 1/3 4/3 

2 1/3 4/J 2/3 3/3 

J 4/3 1/4 3/3 2/4 

4 3/1 2/2 4/3 1/4 

,'r entry"'(stateloutput) 

TRINITY 2. {{(I,5);(2.6);(4,8);(3,7)}, 

{( 1,5)1 (2,6) I (3.7) I (4,B)}. 

"( 1,5) I (2,6) I (),7); (4,8» J 

The Submachine HZ Based on Trinity 21 

STATE INPUT , 3 4 

. .................................... 
2/1 1/2 3/1 4/2 

2 1/2 2/2 4/Z 3/2 

3 4/2 3/2 1/4 2/4 

4 3/1 4/2 2/3 1/4 

,~ elltry-(stnte/output) 

MAPPING: ( 11 .. -> HI/1M2 ) 

STATE: INPUT: OUTPUT I 

(::;"(8 IxS2» (I-n Ix12» (O"'(UlxQ2) ) 

1-(1,1) 1-(1,1) 1-(1,1) 

2-(1,2) Z .. (1,Z) 2-0,2) 

3~(/"/d 3=(2,3) 3-(2,3) 

4~ (4, "') 4-f2,4) 4-(Z,4) 

5-(2, () 5-0,1) 5-(3,1) 

6-(Z,Z) 6 .. (3, Z) 6-(3,2) 

7-(3,'11 7-(4,3) 7 .. (1.,3) 

8-(3,3) B-(4,4) 8 ... (4,4) 

Fig. 10.2 Full-decomposition 2 



TUI': FULL-DECOMPOSITION 3 OF HACHINE H; 

TIUNITV I. [{(I,7.);(S,6);(7,8);(3,4)}, 

{( I,Z) ;(J,4); (5,6) I (7 ,B», 

I( 1,2); (3,'l); (5,6); (7,B)} J 

'1'11,-. Suhmnddne HI Hnserl 011 'I'd.nity I: 

-------------------------------------
51'hTI~ WPUT 

I 2 3 4 

..................................... 
2/1 3/\ 1/3 4/3 

2 113 4/3 2/3 3/3 

3 4/3 1/4 3/3 2/4 

" 3/1 2/2 4/3 1/4 

,', f'lltt'Y"(·Qrflte/olltput) 

TRINITY 2. {{(l,7)1(4,611(3,511(Z,8)}, 

{( If 7); (Z,S); (3,5); (4,6», 

{( 1,3,5,7); (1,4,6 ,S)}) 

The Submachlne H2 Based on Trinity 21 

STA'rE INPUT 

2 3 4 

..................................... 
2/1 3/2 4/1 1/2 

2 112 4/2 3/2 2/2 

3 4/1 1/2 2/1 3/2 

" 3/2 2/2 1/2 4/2 

,', ol1try"(stata/output) 

STATE: INPUT: OUTPUT, 

(S-(S L~S2») 1l-0lx12» (O-(Ol~O2» 

1-( 1,1) 1'"'0,1) 1 .. 0,1) 

2-( I ,'.) 2"( 1,2) 2-( 1,2) 

:1 .. ( 4,:1) 3-(2,3) )-(2,1) 

1,-(4,2) 4-(2.4) 4 .. (2,2) 

5-(2.3) 5 .. (3,3) 5-(3,1) 

6-(2,2) 6-(3,'d 6-(3,2) 

7-0,1) 7-(4,1) 7"'(4,1) 

8"(J,41 8"{4,2} 8-{4,2) 

----- ---

- 46 -

TilE FULL-DECOI1POSITIQN 4 OF MACliiNE 11: 

TRINITY I. f{(l,Z);(.';,6);(7,8);<3,4)}, 

« 1,2); (3,4); (5,6); (7 ,B)}, 

If 1,2); 0,4); (5,6);(7 ,B»} 

Th~ StlhmflchiuE' HI Based on TrInity I: 

STATE INPUT 

I 2 3 4 

. .................................... 
2/1 3/1 1/3 4/3 

2 1/3 4/3 2/3 3/3 

3 4/3 1/4 3/3 2/4 

4 3/1 2/2 4/3 1/4 

,', entry-fatate/output) 

TRINITY 2. ({(I,3,5,7);(2,4,6,8», 

« 1,1,5, 7); (2,4,6,8», 

« 1,3,5,7) ;(2,4,6,8» I 

TIle Suhmachine H2 Based on Trinity 2: 

STATE INPUT 

2 

2/1 1/2 

2 1/2 2/2 

,~ ent:ry-(state/outputl 

HAPPING: ( H --> HI/1M2 ) 

STATE: INPUT 1 OUTPUT: 

(5-(81x52» 1l-(llxI2» (O-(Oix02» 

1-(1,1) l-{l.l) 1-0,1) 

2-( I, Z) Z .. t t.ZI 7 .. ( I, Z) 

3-(11,1) 3-(2, I) 3-(2,1) 

4-(4,2) 4-{2.2) 4"{Z,2) 

5-(2.1) 5-(3,1 ) 5-(3,1) 

6-{2.2) 6-0,2) 6"'0,2) 

7-(3,1) 7- (4,1) 7-(4,1) 

8-(3,2) 8"'(4,2) 8 .. (4,2) 

Fig. 10.3 Full-decomposition 3 Fig. 10.4 Full-decomposition 4 



- 47 -

'1'1i1'; ll!)LI.-IH:emll'OSlTlON '.i OF MACHINE ~fJ 

'l'R1NlTY L. ((t,:1J1(6,811(S,7);(2,ld. , 

~ (1,3); (2,['); (5,7); (6,S)), 

{( 1,3) I (2,4); (5, 7) I (6 , B)} J 

The SubmAchille HI Based on Trinity 1 = 

STATF: INPUT 

2 3 4 

..................................... 
2/1 3/2 4/3 1/4 

2 1/4 4/4 3/. 2/4 

3 4/3 1/4 2/3 3/4 

" 3/2 2/2 1/4 4/4 

,', entrY"(I'lt"ate/ol1tputl 

TRINITY 2. [{(l,5)I(l,6'1(4,8)1(3,7)', 

{I 1.5'; (2,6) I (3, 7), (",8)}, 

«1,Sll(2,6)I(J,7';(4,B)}] 

The Submachille HZ Based on Trinity 21 

STATK JNPUT 

1 2 3 4 

..................................... 
2/1 1/2 3/1 4/2 

2 liz 2/2 4/2 3/2 

1 4/7. "' /2 
1/4 Z//o 

3/1 ',/Z 2/3 1/4 

,", olltry=(.<ttatefoutputl 

HAPP1N(;: ( N .... > HII/HZ ) 

STATE I UIl'UT: OUTPUT: 

U;~(SlxS2)) (1 ... ( tlx12») (0-(01x02)) 

1-0,1 ) 1-(1,1) 1"(1,1) 

2=(/,,2) 2-(2,2) 2-(2,2) 

'l~( t, 4) 3-( 1 ,3) 3-( 1,3) 

4"'(11, 'J) 4"(2,4) 4-(2,4) 

~im().l) 5-(3,1) 5-(3,1) 

6~(2,2) 6"(4,2) 6-(1"Z) 

7~{3./d 7-(3,3) 7-0,3 ) 

S .. (2,J) 8""(/0,/0) 8-(4,4) 

Fig. 10.5 Full-decomposition 5 

','Ill': 111J1,r._pI-:CflMl'n~'T'()N h OF !-lACHINE': HI 

TRltHl'Y 1. !«I,:n;«(,.8);(S.7I1(2,4)}, 

{( 1 ,3); (2,4); (5, 7); (6,B)}. 

{( 1,3); (2,[') I (5, 7); (6,B)} J 

Tlte Suhlllachine HI Based 011 Trinity 1: 

STATE INP[JT 

2 3 4 

. .................................... 
2/1 3/2 4/3 1/4 

2 1/4 4/4 3/4 2/4 

3 4/3 1/' 2/1 3/4 

" 3/2 2/2 1//, 4/4 

,', ~ntry-(8tRte/o\ltp\i1-) 

TRINITY 2. ({(I,I1);(Z.51;(3,8);(I,,7)}, 

{( 1,6) I (2,5) t (1,8); (4,7)), 

{( 1,Z,5,6) I (3,4,',8)} J 

The Sttbmachine HZ Based on Trinity 21 

STATE lNPUT 

2 3 4 

. .................................... 
1/1 2/1 3/1 4/1 

2 2/1 1/1 1,/1 3/1 

1 3ft 4/1 1/2 7./Z 

4/1 3/1 2/2 1/2 

~, eutrym(state/output) 

MAPPING: ( H --> Bll/HZ ) 

STATE: INPUT: OUTPUT: 

(S-(SlxSZ) ) (1=( llxI2» (O-(OlxOZ') 

1-( 1,l) 1-(1,1) 1-(1,1) 

Z-(l"Z) Z"(2,Z) Z~(2, 1) 

'I~{ 1,) ] .. ( 1,3) ) .. ( 1,2) 

I,. (1,,4) 4~(Z,/o) 4-(Z,Z) 

5-{3,2) 5-(3,2) 5-0,1) 

6 .. ( 2,1) 6-( 4 ,1) 6-( 4,1) 

7~(3,/d 7 .. (3, II) 7"'{3,2) 

R~{Z,:J) R-{4,3) 8-(4,2) 

Fig. 10.6 Full-decomposition 6 



TifF: FULJ~-DECOHPOSITlON 7 OF MACHINE H: 

'J'IlINITY I. 1{(1,3);(6,U);(5,7);(Z,4}), 

{( 1,3); (2,4); (5, 7) I (6,S)}, 

{( 1,3); (2,'" I (5, 7) I (6,8» ) 

Till' Suhmflehiu!' HI Based un Trinity I: 

STATE INPUT 

2 3 , 
..................................... 

2/1 3/2 '/3 1/' 

2 1/' '"~ 3/' 2/' 

3 11/3 1 /' 2/3 3/' 

I, 3/2 2/2 1/' '" 
,', entLy-(state/output) 

TRINITY Z. ({(I,2,5,6)rO,4,7,S», 

{( 1,2,5,6); (3,4, 7,B», 

{( 1,2,5,6) I (3,4, 7 ,8)} ) 

The Submachine HZ Based on Trinity 2: 

STATE INPUT 

2 

1/1 

2/1 

2 

'1./1 

1/2 

,~ eutry-(atate/output) 

MAPPING I ( H --> HI//H2 ) 

STATE: INPUT: 

(f:~(SlxS2» (l~(1 IxU» 

1-( I, I) 1-(t,1) 

'In(l,,l) 2~(2,ll 

]-( 1,2) 3-( I,Zl 

4"'(4,2} 4-(2,2) 

5-(3,1) 5-(3,1) 

6-(2,1) 6-( 4,1) 

7,,(3,2) 7-(3,2) 

8"'(2,2) 8-(4,2) 

OUTPUT: 

(O-(Olx02» 

1-0,1) 

2-(2,1 ) 

3-(1,2) 

4-(2,2) 

5-(3,1) 

6"(1.,1) 

7-(3,2) 

8-(4,2) 
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Fig. 10.7 Full-decomposition 7 

TIIR FULL-DECOMPOSITION 8 OF MACHINE M: 

TRI111TY I. If(I.4l;(h,7);(S,8)1(2,"11}, 

{( I,'" I (l.,]) I (5,H); ((,," J. 

I( 1,7.,"1,'''1 ('j,C.,7,8)J I 

The Submachille HI Based on Trinity 1: 

s'rATE INPUT 

2 3 , 
..................................... 

211 3/1 '/2 1/2 

2 1/2 '/2 3/2 2/2 

J '/2 1/2 2/2 3/1 

I, 3/1 2/1 1/2 '/2 

~, eutry-(state/output) 

TRTNlTY 2. [{(I,S):(2,6);(4,8l;0,7)}, 

{( l,S) i (2,6) I (3,7) I (4,8)}, 

{(I,51: (2,6); (3, 7); (4,B}) J 

rile Submachine H2 Baaed on Trinity 2: 

STATE INPUT 

2 3 , 
..................................... 

2/1 1/2 3/1 '/2 

2 1/2 2/2 '/2 3/2 

3 '/2 3/2 1/' 2/' , 3/1 4/2 2/3 1/' 

,', entry-estate/output) 

HAI'PlNG: ( M .... > H11/H2 ) 

STATE: INPUT: OUTPUT I 

(S~(SlxS2)) (I ... nlx12» (O-{OlxOZ» 

1- ( I, I) 1-( 1,1) ]"(1.1) 

2-(/1,2) 2-(2,2) 2- ( 1 , 2) 

3-{4,4) 3-(2,3) 3-0,3) 

4-(1,) 4"'( I ,4) 4"(1,'1) 

S-(3, I) S-O, I) S .. ( 2, I) 

6"(2,2) 6 .. (4,2) 6-(2,2) 

7-(2,4) 7-(4,3) 7-(2,3) 

8-(3,3) 8"(3,4) 8-(2,4) 

----_. - -~~~ --

Fig. 10.8 Full-decomposition 8 
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TilE FIlLL-DECOHPOSITlOH 9 OF MACHIIlE 11: 

--~-== '"' ~= -~~ ..... - ... ,. .. ~ .... "",. --.,,"'-- .... = .... = =_ .. ~ 

TRiNITY 1. Il(1,5)~(2,6);(4,B);(3,7)', 

It 1 ,5) ;(2,6) ;0,7) ;t4,8H. 

{( 1,5); (2,6); (3,l); <Ii.a)} J 

The S\lbmflchine HI Based on Trinity Il 

STATE INPUT 

2 3 

..................................... 
2/1 1/2 3/1 '/2 

,. 112 2/1, '/2 3/2 

J '12 3/2 

"' 
2/, 

I, 3/1 

'" 2/3 1" 

,', entry-Cstate/output) 

TRINITY 2. [(1.2,J./ill(5.6,7,A»). 

{(1,Z,3,4);(5,6,7,B)}, 

'tl,2,3,4);(S,6,l,8)}] 

The Suhmachine H2 Based on Trinity 2, 

STATE INPUT 

2 

2/1 1/2 

2 1/2 2/2 

,', E'ntl".v~(atate/output) 

MAPPING: ( M --> MI//f-lZ ) 

STATE~ INPUT: OUTPUT: 

U; ... (fi (xSZ) (l'*OJd7.» W"'{Olx02) ) 

1-(1,11 t-(1,1) l~(l.t) 

2 .. ( 2,1) 2- (2, 1) 2-(2,1) 

] .. ( t"l) 3-(3,1) 3-(3,1) 

1,-(3.11 ',- (I" 11 4-(4, l) 

'I .. ( r • 7.) 5 .. ( 1,7.) 5-( 1,7.) 

6 .. (2,2) 6-(2,2) 6-(2,2) 

7- (~. 2) 7 .. (3~21 7"0,2) 

8~(3.2) 8-(l.,2) 8-(4,2) 

Fig. 10.9 Full-decomposition 9 
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XI. 188M. 

In practical design,there are some machines which contain don't 

care entries. In this case, we have to make some modifications on above 

algorithms to calculate some functions on incompletely specified 

sequential machines (ISSM). In this chapter we explain the 

computation for weak partition pairs (WPP). 

11. 1 principle 

The calculation for WPP is basicly the same as that in Chapter 5 

except we have to make sure that 

H = {AI' A2,····, Am} 

T = {B I , B2 , •••• , Bn} 

(H, T) is an weak S-S pair iff 

V S,tES V XEI: 

[sl~=[tl~ A s~x~O A tax~o 

==> [saXl T = [taxl T (11. 1) 

The difference is only that we have to check if sax and tax are 

don't cares before we go further. It is the same for other weak pairs. 

We omit the discussion here. 

11.2 Algorithm 

Because the transitive property rules out in partition 

operations on an ISSM, we can not use the way that calculates basic 

partition pairs. In DASM, we use a procedure to generate a partition. 

with this partition we obtain a weak m-partition. continuing the 

search for all partitions on the set of first component of the pair, we 

can get all weak partition pairs. 
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Algorithm COMPPW{PT); 

inpu~: machine table arrays; partition type PT; 

output: weak partition pairs; 

procedure: 

begin var BR: boolean; 

P1W1,P1W2: partition; 

L1,J,M1,E,F,NS1: integer; 

NEXTP{L1,J,M1,E,F,BR,P1W); 

do not BR -+ 

NEXTP{L1,J,M1,E,F,BR,P1W1); 

RmPI-W{PT,PIW1,P1W2,J,NS1); 

11 NS1>O and NS1<Num-+ 

PrintP1{P1W,P1W2); 

NS1~O or NS1~Num -+ skip 

Within the algorithm, procedure NEXTP offers a partition P1W1; RmP1-W 

calculate out the weak m-partition P1W2 of P1Wl. Num is NumStates or 

Numoutputs depended on pairtype PT. 

11. 3 Example 

Machine table: a:me654w.dat shown in Fig.11.1; 

Procedure: 

step 1. Run DASM by typing DASH 

under DOS prompt; 

step 2. Select the function of 

1SSM by typing I; 

step 3. Specify the data file 

by typing a:me654w.dat; 

step 4. Select the function of 

weak pairs by typing P; 

step 5. Specify the output file 

by typing a:me654w.wpp. 

H~wht1U": ~!me654w.dat 

STATE INPUT 

Z 3 " 5 

............................... 
2/1 Iii 'I 0/3 5/ , 3/0 , ,/ , 4/3 3/1 0/3 6/3 

3 5/2 012 2/U 3/3 2/2 

4 IIf"! 1/ '1. 6/2 2/1 0/2 , I, II, 0/1 '3/3 1/2 6/1 

6 6/0 5/1 0/'. , /0 3/3 

-------------------~-----------

" e-1I1:ryB (I:Itnte loutput) 

, 
el1l-r.v~O fat" dou't carE' 

Fig. 11.1 a:me654w.dat 

The result is in file a:me654w.wpp and shown in Fig. 11.2. 
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UI~hK !{-S PARTI'l'ION PAIR: 

WPl' II(J,Z,3)1(4,5);(6)} i(I,Z,3,5,6);(4)}1 

WI'I' '1. It(J,2,3);(4);('»;(6)) , {(J,Z,:i,5,6);(4)lJ 

WI'I' '1 1{(I,7.,4);O):('j);(r»} , {(t,2,4,5);(3,6)}) 

wpp I, 1{(I,2,6);O,q);(S») , (l,Z,3,6);(4,S)}] 

Wl'l' 5 1(l,Z};iJ,4);(5,6») , ((1,Z,3,J,,6);(5»)] 

WI'I' .; I I( I,ZI;(3,4);l5);(6)} 

UI'I' t{{I,l);C1);(4,5);(r,)) 

\.Ipp 8 [{(l,Z,6);(3);(4);(5)} 

wpp 9 [{(I,2);(3);(I,,6);(5)} 

1011'1' \0 {«I,2);(3);(4)1(5,6» 

{( I,Z,3,6)! (4); (5»1 

« I,Z) I n,S,fi); (4)} J 

{(I,2, 3,6); (4,S)} J 

{(l,Z,4,S)I(3,6)}] 

i (J ,Z,3,4,6) 1 (S)} J 

WOPi' It 1{{I,Zl;(3);(4);C');(6») , «J,Zl;(3,6)1(4);(5)}] 

1011'1' 1:1 1{(l,3,4)I(Z,5);(6)} , {(I,4);(Z,3,,~,6)}1 

\.11'1' 13 1{(I,3,4);(2);(SI;(6)} , ((I.'tl;(Z,3,S,6»)] 

WPP I'. 1{(I,3)I(Z,',);(S)I(6)} , {(l,4);(Z.3,5,6)}] 

\-11'1' 15 1«I,J);(2,5)1(4,6» , {(l,2,3,',,5);{6I») 

WI'I' 16It(l,J);{Z,.S);(4);(6l1 ((I,4);(Z,3,S);(6»] 

oPP 

\.11'1' 

oPP 

17 I{( 1,:0;(2);(4,.');(6» 

18 r{(l,J,6)l(Z}JUd;(S)I 

19 (((I,J);(2);(lt,6l;(S)} 

{( I ,2,3,5,6); (4)} J 

{( I) 1 (2,3,4,S,6)} 1 

({ I,Z,J,lt,S) ;(li)} J 

wpp ZO ({(I,J);(Z);(4);(5);(6)} , {(I);{Z,3,5);(4l;(6)}] 

wpp 21 1{(I,6);(2,3,4';(5)} t {(1,4,S)~(2,J,6»] 

WPP Z2 {{(I);(Z,3,4);{5),(6)} , {(1,4,5);(2,3,6)}] 

IJPp 23 [{(1.S);(Z,3)1(l.,6) , (O,S);(2.3,',,611] 

WPP 24 1(I,S';(Z,3)I(lt);(6)} i(l,5)I(Z,J,4,6»1 

WI'I' 25I{(O;t:l,J);(4,S)I(6)} 

WPP 7(' {«l,rO);(Z,3);(lt);(5)} 

«1,2,3,5,6);(4»] 

{( 1,4,5); (Z,3,6)} J 

wpp 27 ((I);(Z,l);(I.,6);(5)} {(J.S);(Z,3,',,6)}1 

WP1' 1.8 r ({lI;(Z,3);(I,);(S)I(6)} , «l,S);(Z,3,6);(4))] 

WPP 29 ({{l,lt);(1.,5);(3)~(6») {( 1,4,; (Z,3,S) I (6)l 1 

Wi'P 

OPP 

wrp 
opr 
wpp 

30 (((l,4,6);(Z)I(3);C5)) , «(l,Z,4,.';,6J;(3)}] 

31 [«1,4);(7);(3);(S,6)} , «I,J,I.,6);(Z,5)}) 

32 ({(I,4);t2)1(3)I(S);(6» , (O,4);(Z,S);(3);(6))] 

n {(I,S);(Z,/dlt3)1(6» 

]I, ((1);(2,lt,S)I(3)I(6») 

({l,Z,4,5);(3,6»] 

«1,Z,lt);(J,S,6)}] 

WFF 35 t{(l,6);{2,4)1(3);(5)} {(1,4,S);(2,3,6,)] 

wpp 36 li(l);(Z,/,);(3);(5,6)} {(1,3,4,6);(Z);(5)}] 

wpp 37 {{(l);(Z,4';(3);(S);(6)) , ({l,4);(Z)I(3,6);(S)}) 

WI'P 38 [(l,S);(Z)IO,4}1(6)} 

WI'" :lY It(1);(2,5)IO,'1)1(6) 

WI' I' 411 It(I,r,);(Z);O,4);{,)) 

WFp 't! 1((1);(Z,6);(3,''';(S» 

WPI' lt2I{(I)I(Z);(J,lt);(.5,6)} 

{( 1,5), (2,3,'.,6»} 

{{l,~);(2,3,S,6»1 

{( l) t (2,3,6" (4,5).1 

{(I,Z.3,6)1(~,S)J 

( I,Z.3,4,6) 1 (5)) J 

WPP 1.3 1{(l);(Z);(3,4),(5)1(6)} , {(lll(Z,3,6);(4);(5»] 

WF!' 44 (((1.5);(Z)I(3);(4,fi» , {(I,5);(Z,4);(3,6)}] 

wpp ~5 1{(J,5);(Z);(3)I(lt);(6» , {(l,5)I(Z,4);(3,6}») 

wpp ',6 ({(I,6lt(Z,5);(J);(/,)} ((1,3,1.,5);(2.6)] 

wllP '17 f{(1)I(Z,5,6'1(3);(lt» , (O,3,4,5,6)J(Z)}] 

Wfll' ',8 1{(1)1(Z,SHt3);(lt,6» , ((l,Z,3,4,5);(6)}] 

wpp 4'J {(l);(Z,S);(J);(lt);(6)} , {(1.lt);(Z);(3,5);(6)}] 

wpp SO [({l,6);(Z);(J,5);(4)} 1 {(1,3);(Z,lt,S,6)}] 

\.IP1' 51 l((lH(Zl;(3,5H(4H(6)} , «(1,3);(Z,4,5,6)}] 

WI'P 52 1{(l,6)I(Zl;(3)I(lt,S» , {(l,Z.4,S,6);(3)}] 

WI'P 53 (((l)I(Z);(3,6);(4,5» , (O,Z,J,4);(5,6))] 

W1'I' ')4 «(I);(Z);(J)I(4,5);(6)} 

WPP 55 {{(l,6);(Z)I(3};(4);(5)} 

\.IPP S6 ({(I)I(Z,6)!(3)1(~)1{5» 

\.lPI' ~7 1{(1);(Z);O,6)1(4),(5)} 

WPP 581«1)I(Z'IP,;(4,6);(S)} 

WI'P 59 ({(l,;(Z);(3)J(4);<5,6)} 

---END-----~~=--

« 1,Z); (3) 1(4); (5,6» J 

{( 1) I (2,6); (J) I (4 ,5»] 

{( J ,3,6) 1 {ZlI (4,5)} J 

« l); (2,3,4) 1 (S,6}) J 

{( I,S); (Z,4) 1(3); (6») J 

{( 1,3,lt,6); (2); (S)} J 

WEAK 1-8 PARTl1'lON PAIRI 

WPP {{(l,2);(3,5};(ltl) ( I,Z,4) I (3,5,6»)] 

wpp Z (((l,Z);(3);(~)I(S)} , {(1.2,I')1(31;(.'.i.6)}] 

WPP 3 ({(l,311(Z,4l;(S» , {(l,Z,3,lt,5);(6})] 

WPP 4 ({(l,:n;(2);(4);(S)} , {(1,3);(Z,4,5)1(6)}J 

WPP .5 {{(l';(Z,3,5);(4») , {(I,3,lt,5,6)I(Z)}] 

wPP 6 [{(I);(Z,3);(~,5)} , {(1,6);(Z,3,4,S)}] 

w1'p 7 [(1);(Z,3);(4)I(S» , {(1,6);(Z';t3,4,;(S)}) 

opp 

WI'P 

opp 

8 [{(1,4)I(Z);(J)I(S)} 

9 11«1)I{2,4);(3,'j» , 

10 l{(I);(Z,4);(3);(Sn 

WPP 11 [{(IlI(Z);(3,',J;(5)} 

wpp lZ ({(l);(Z,5);(3)I(lt» 

WPP 13 {((l);(Z);(3,5);(lt)) 

WPP 14 [(I);(Z);0)1(4,5» 

----------END----------

WEAK 5-0 PARTITION PAIRI 

, {(l,4,6);(Z,3,5))] 

«( I,n 1 (],4,'i,6).] 

{O,ZI; (3); (4,5) ;(6») 1 

({1,5l;(Z,3,6);(4)}] 

{(ll;(Z';(3,4,S.6)}] 

{(I'; (Z); (3,'i,6); (4))] 

( 1,6); (Z,3,4,5ll] 

WPP [{(l,2,6);(3);(lt);(S» ({l,3,'tl;(:?»] 

{(l,3,~);(2)}] ioIPP Z [{(l,2);(J);(4)1(5,6}) 

orp 
orr 
wrp 
opp 

wpp 

3 ({(l,Z);(3);(4';(S);(6» , {(l,3,4);(2)}] 

4 ((1);(Z,3,4);(5),(6» , ({l,Z,3)1{4)}] 

5 (((U;(Z,3)1(4)J(5);{6)) , {(1,Z,3)1{4)}] 

6 (((I)I(Z,'tll(3,611(5» , {(l,2,:l);(lt)}) 

[It 1); (2,4) ,(3) I(S) I (6)} It 1,2,3) I (It))] 

WPP 8 (t(I);(2)1(3,4}1(5);(6)} 

wpp 9 (((l,,';);(Z)I(3)1(4);(6)} 

wpp 10 {«I,6);(Z);(3);(lt);(5)} 

wPP 11 l{(ll;(Z,6)1(3);(lt);(.5)} 

WPP lZ 1{(1);(Z);(3,6)I(lt);(5)} 

WI'P 13 (( 1)I(Z)I(3)I(I.,;(S,6)} 

----------END----------

WEAK 1-0 PARTITION PAIR I 

({l,Z,3);(lt»] 

{(l,Z,4);(3»] 

{(I,3,4);(2)}) 

{(1,3,4);(Z)}) 

«I.2,3);(ld}1 

« 1,3,411(Z)H 

{(I,3,411{2)}) 

wpp Z ({(l);(Z,J);(4);(5n , «(1.3,4);(:?))] 

wpp J ((l);(Z,4,5';(3)} , (0,2,3>1(4»)) 

wPP '. 1{(OI(Z,/dl(3)1(5)} 

wpp 5 1(]);(Z,S);(3);(lt» 

\.Ipp 6 lltl);(Z);(3,5)1(4)} 

wpp 7 ({(I);(2);(3)1(~,5)} 

--------__ END __________ a 

A' 

( 1, Z ,3) 1 (4)} J 

(O,3)I(Z)I(lt)}] 

{(I,3,4'I(Z)}] 

{(l,Z,3);(lt)}] 

Fig. 11.2 Weak pairs of a:me654w.dat 
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