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CHAPTER I 

-Î ~*l'- f IMjmMKW«1. - -* .- «i 

INTRODUCTION 

Sequential machine Identification la a challenging and complex 

procedure. As machine size Increases, the difficulty of this pro¬ 

cedure increases very rapidly. This makes solutions to practical 

problems totally unfeasible. However, with the speed and accuracy 

that computers allow, practical machine identification problems are 

solvable. 

Up until the present day, very little work has been done on the 

machine identification problem. Booth[l] proposed a method where an 

upper bound b on the number of states in the machine is known. Then 

all possible b-state machines or less are constructed. Input se¬ 

quences are then chosen in a manner which eliminates machines possi¬ 

bilities. The process of designing and applying input sequences con¬ 

tinues until only one machine remains which must be the machine in 

question. It is clearly seen that if the upper bound b is large, this 

solution is not practical. 

The topic of this thesis is to present an algorithm to be used as 

a practical solution to the machine identification problem. Chapter 

II provides a general description of the operation of the algorithm. 

Chapter III lists the algorithm along with an example to help the 

reader understand Its operation. A computer program was written to 

implement the algorithm and Chapter IV discusses in detail the limita¬ 

tions imposed by the program, how to operate the program, and how the 

program functions. Chapter V is a summary which discusses the major 

1 
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features of this thesis and some possible areas of further 

investigation. The computer programs described in Chapter IV 

and other examples are listed in Appendix 1. 



CHAPTFR II 

RATIONALE AND GENERAL DESCRIPTION 

2.1. Introductioa 

The problem of identifying an unknown machine can be stated as 

follows: Suppose that a machine M whose behavior is to be determined 

is given to the experimenter as a "black box." The experimenter's 

objective is to find from the input-output sequences a state table 

of the given machine. 

The following definitions will be helpful in understanding the 

following sections; * 

Definition 2.1.1: A "sequential machine" S (Moore model) is repre¬ 

sented by a 5-tuple <X, Q, Z, 6, <i» where 

X » {xlt x2, . . . xn} is the set of input 

symbols, Q « {q-,^ q2, . . . q^) Is the set of 

states, Z •» (zj, z2, . . . z^} is the set of 

output symbols, 6 Is a mapping X x Q into Q 

and is termed the next state mapping, and tu 

is a mapping of Q onto Z and is termed the 

output mapping. 

Definition 2.1.2: A machine with a state set Q is said to be 

"strongly connected" if for any pair of states 

The notation and definitions used throughout thl paper conform as 

closely as possible to that of Booth [1]. 



A 

Hj• qke Q there exists at least one input sequence 

J such that <5(J, q^) * q^ where S(J, q^) is under¬ 

stood to be the state in which the machine ends 

when started in state q^ and input sequence J is 

applied. 

Definition 2.1.3: A "synchronizing sequence'' of a machine M is a 

sequence which takes M to a particular final 

state, regardless of the output or the initial 

state. (Note: Some machines possess such 

sequences; others do not.) 

Definition 2.1.4: An input sequence XQ is said to be a "distinguish¬ 

ing sequence" if the output sequence produced by M 

in response to is different for each initial 

state. 

The identification problem as stated above has a solution only if 

the machine M being tested is strongly connected and the input set X 

is defined. 

Machines which are not strongly connected have a state such 

that an input sequence does not exist which takes M from q. to q . 
1 j 

Thus, it is possible that q^ will not appear in the derived state 

table since it could be missed. 

The input set X must be defined or we cannot completely define 

the two mappings 6(X x Q) and t»(Q) . For example, suppose that we 

were working with the machine shown in Figure 2.1.1a. The true 

input set is X - {a, b, c}. However, assume that we are only told 

that the input set contained the two elements b and c. Then any 

it ¡iritiliHitit! ¡ ,'i ..... ,i 
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a 

c c 

(a) 

b c 

(b) 

Figure 2.1.1. Results of a measurement with an incompletely specified 
Input set. 
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experiment we perform on the machine would only allow us to determine 

at most the representation shown in Figure 2.1.lu. 4s we see from 

this figure, the lack of knowledge that the symbol a is also an input 

prevents us from obtaining a complete description of the machine. 

In the following sections a general description of and justifica¬ 

tion for the algorithm introduced in this thesis will be discussed. 
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2.2. Algorithm Description 

The algorithm presented in this paper is designed to derive a 

state table representation of an unknown Moore machine. However, a 

Moore to Mealy transformation is a relatively simple, well defined 

procedure should the experimenter desire a Mealy representation [2]. 

The algorithm begins by finding a lower bound on the number of 

states in the unknown machine M. This can be done by observing the 

following: Let the input to an n-state machine be an arbitrarily 

long sequence of x^’s. Now, if we let the sequence be long enough 

so that it is longer than n, the machine must eventually arrive at a 

state it has previously been in. And, consequently, from this point 

on, and because the input remains the same, the machine must con¬ 

tinue in a periodically repeating fashion. Clearly, for an n-state 

machine, the period cannot exceed n, and could be smaller. 

First, an input sequence of x^'s is applied to M until a period¬ 

ically repeating output sequence is observed. This procedure is re¬ 

peated until all input symbols have been used. One cycle of each 

output sequence corresponding to each of the different input sequences 

is observed. Let i|>0 be the largest number of appearances of a single 

output symbol in one cycle of any of the different output sequences 

produced by the different input sequences of x *s. 

For example, suppose the set X - {0, 1Ï is the input of an unknown 

machine. 

Suppose the output sequence produced by a sequence of 0's is 
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101010 I O .... 

One cycle would be 1 0. 

Now, suppose the output sequence produced by a sequence of 1's Is 

1011101110 11 .... 

One cycle would be 1 0 1 1. 

The output symbol "1" appears three times in the cycle 1011 

produced by an input sequence of 1's. Thus ^-3. Initially, a 

state table containing iJ^Zq-states, ^Zj-states, .... and 

states is made available. Consequently, £i(»q is an upper bound on 

the number of states in the Initial state table. This decreases the 

number of iterations required when deriving the state table as will 

be shown later. 

The algorithm then develops an input sequence which will fill 

any unspecified entries in the state table. An input sequence is 

applied to M and to the state table and entries are made in the state 

table when required. M's output sequence is compared to the state 

table's output sequence to detect any errors in the state table. 

Mhen an error is detected, an entry in the state table is changed 

and the experiment continued. Corrections are made in a manner so 

that all machines which have £i|/q states or less are tried. If none 

of these machines are found to be correct, then M must be larger 
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than an ¿»„-aft« »achine. Thun, a abatate, a z^tat.. 

and a z^-state ar*s added to the state table and all (£^g + -state 

machines or less are tried. This procedure is continued until a 

completely specified state table is derived. 

Once a completely specified state table is derived, it becomes 

necessary to check this table to verify that it is Indeed an equiva¬ 

lent state table representation of the unknown machine. This is done 

by designing a fault-detection experiment using the state table and 

then applying the fault detection experiment to both M and the state 

table. If an error is found, the algorithm returns to its search for 

an equivalent state table.2* 

In the procedure we shall use, each fault-detection experiment 

consists of two parts: 

1. The first part is an "adaptive" experiment whose aim is to 

transfer the machine into a particular state, which is the 

initial state for the second part of the experiment. 

2. The second part is a "preset" experiment in which the machine 

is taken through all possible transitions. 

In designing the adaptive part of the experiment, we must first 

verify that the initial state is Indeed the state it is supposed to 

be. This can be accomplished by displaying the response of each state 

to the same distinguishing sequence. 

2*The Ideas used here are discussed In depth by Kohavl [2]. 



For example, consider the machine M-j, whose state table is given 

in Figure 2.2.1. and whose response to the sequences 00 and 01 are 

summarized in Figure 2.2.2. Suppose that the preset part of the ex¬ 

periment is designed so that state A Is the initial state, to which 

it is therefore necessary to transfer the machine. 

First, we apply the sequence 10 and observe the response. 

1. If the response is 00, the machine is in state A; 

2. If it is 10, apply the transfer sequence T(B, A) » 0;-** 

3. If it is 11, apply T0>, A) - 00. 

Now that we have supposedly put the machine in state A, we must 

verify this. Wa now apply the distinguishing sequence Xq ■ 00. If 

the machine has operated correctly up to this point, its output is 

11, and it is now in state D. Again apply 00, and as a result the 

machine returns to state A with a response of 00. Now apply 

T(A, B) » 1. The machine should now be in state B with a response 

of 0. Now apply the distinguishing sequence 00. This leaves the 

machine In state C. Again apply 00 and the machine is now in state 

B, as shown below: 

Input: 000010000 

State: A D A B C B 

Output: 0110000110 

3*Note that a transfer sequence T(q1# q^) is the shortest input 

sequence that takes C machine from state qA to state qj. 
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Figure 2.2.1. Machine Mj. 
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State 
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(a) 

Figure 2.2.2. Responses of machine Hy 
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Response 
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A 
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00 

00 
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A 

A 
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(b) 
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From the preceding sequences, we note four different responses to the 

input sequence 00. This verifies that the machine has at least four 

distinct states. 

To complete the experiment, it is now necessary to verify every 

state transition. The procedure followed here is to apply the input 

symbol which causes the desired transition and to identify it by 

applying the distinguishing sequence. Since the machine is in state 

B, we shall start by applying an input 0, followed by the distinguish¬ 

ing sequence 00. This input sequence takes the machine to state D. 

Again apply 000 and the machine should now be in state C. This is 

repeated until all transitions have been verified. 

Notice also that the input sequence 100101 is a synchronizing 

sequence for machine Mj. Thus another fault-detection experiment 

would be to apply the synchronizing sequence followed by a particular 

sequence which transfers the machine to a state from which a transi¬ 

tion Is to be verified. Then the proper input to cause the desired 

transition is applied. Then the above steps of synchronizing se¬ 

quence, transfer sequence, end a proper input to cause the desired 

transition, is repeated until all possible transitions have been veri¬ 

fied. In this method the Inputs are not dependent upon the preceding 

outputs as in the adaptive part of the preceding fault-detection 

experiment. This method lends easily to computer programming. 
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2.3. Summary 

In the previous sections a general discussion was given of the 

algorithm defined in this thesis. The algorithm searches for a state 

table which duplicates the input-output sequences of the unknown 

machine. Fault-detection experiments are used to determine the 

correctness of a state table once it is derived. 

It was also shown that a solution to the machine identification 

problem exists only if the unknown machine is strongly connected and 

the input set X is defined. 



... 

CHAPTER III 

AN ALGORITHM 

3.1. Introduction 

The algorithm of this chapter presents a detailed procedure for 

deriving an equivalent state table representation of an unknown Moore 

machine. The restrictions which apply In this solution have been 

outlined in Chapter II. 

The following definitions are helpful in understanding the 

mechanics of the algorithm: 

Definition 3.1.1: x is a sequence of input symbols. 

X ■ Xj . . . x4 i x4 e X 
^ ! ‘‘3 

Definition 3.1.2: xt is ar> input sequence in which the only input 

symbol is j xi e X . 

Definition 3.1.3: Ç is a sequence of output symbols, ç 
il Í2 

Si¿ ' ZlJ 
a se< 

duced by x 

e Z 

Definition 3.1.4: Ci is a sequence of output symbols which are pro- 

Definition 3.1.5: In the application of Xj^t the output sequence ç± 

will start to repeat periodically. One cycle in 

this periodically repeating output sequence will 

be called . 

Definition 3.1.6: The unknown machine will be referred to as M^. 

14 
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Definition 3.1.7: The state table constructed by the algorithm will 

be referred to as Mj. 

Definition 3.1.8: The number of states whose corresponding output is 

in machine M-, at the jth Iteration of the al¬ 

gorithm will be called . Recall from the 

discussion in Section 2.2 that the number of in¬ 

states equals the number of (^-states for i # k. 

Therefore for i # k and therefore we 

will denote as . 

Definition 3.1.9: An indicated error is an incorrect output from the 

state table M„ which conflicts with the actual 

output from the unknown machine . 

Definition 3.1.10: The input sequence developed by the algorithm 

below and the corresponding output sequence from 

will be called a "test sequence". The test 

sequence consists of Xq * Xn followed by 

a sequence of fault-detection experimenta plus 

any particular inputs requested by the algorithm, 

along with the corresponding outputs Cq * 

Ca followed by the corresponding outputs of the 

fault-detection experiments and other inputs 

requested by the algorithm. 

Note: At the beginning of the algorithm, there is no test sequence. 

As the algorithm progresses, the test sequence Is developed. A test 

sequence for the example of Section 3.3 is developed In Figure 3.3.2. 

iilliliiS 
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3.2. The Algorithm 

Based on the discussion of Chapter II and the definitions of 

Section 3.1 the following algorithm is presented. In the algorithm, 

the final machine M2 is derived using all of the applied inputs. 

1. Apply x0 to ^ until the output sequence begins to repeat 

periodically. Apply t0 % until the output sequence begins to 

repeat periodically. Continue to apply input sequences x¿ until all 

input symbols have been used. Let ifig be the Largest number of appear¬ 

ances of any single output symbol la one cycle of any of the different 

output sequences that is the (Section 2.2 provided an example of 

this idea). Let the longest ^ which contains ^ appearances of the 

A1 
single output symbol be ^ . The first symbol of ^ will be taken 

as the starting point of the test sequence and the index PIO will 

have the value 0 at this point. PIO will represent the position in 

the test sequence during execution of the algorithm. Let L be the 

A 
length of ¡^ . Construct a table as shown in Figure 3.2,2. Note: 

initially the output set Z is not Unown. However, as the output se¬ 

quence of Is observed, the elements of Z become known. Construct 

a table of entries as shown in Figure 3.2.3. Let the present state 

of Mg be q| or q2 or . . . or depending on whether z(PIO) is 

or Z2 or . . . or respectively. Increment PIO. Let P - 0 where 

P is an Index which indicates the order in which entries are made in 

the state table, that is q^P) . Apply the next L - 1 inputs to M2 

from the test sequence, incrementing P10 after each input. Enter 

the next state entries, q^O) , in M2, where qA is a previously unused 
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PIO Input Output 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

• 
• 
* 
• 

0 

0 

0 

0 

0 

1 

1 

1 

1 

1 

1 

• 
• 
• 
• 

1 

1 

0 

0 

0 

0 

1 

0 

1 

0 

1 

0 

• 
• 
• 
• 

Figure 3.2.1. Ar. example of a test sequence 
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Present State Next State Output 

X x " X1 x - x2 • • X « x„ n 

■u 

q2 

• 
• 

qi 

^i+i 

« 
• 
* 
• 

qj 

• 
• 
• 
• 
• 
• 

qk 

qk+i 

• 
• 
• 
• 

Z1 

x2 

# 
• 

*■1 

*1 

* 
« 
• 
• 

z£ 

• 
« 
« 
• 
« 
• 

*1 

a2 

• 
• 
• 
• 

* A table used In deriving a state table M,. Figure 3.2*2 
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P 
Next State 

PIO 
qiiP) 

1 

2 

3 

• 
• 
• 
• 
• 

Figure 3.2.3. A table of ea-ries 
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state. This causes M2 to contain the output cycle ti*. After the 

preceding instructions have been completed, let P - 1 and go to 

Step 2. 

2. Continue to apply the test sequence to M2. Each time an 

entry is to be made in M,,, enter q^P) or q2(P) or . . . or q£(P) in 

the state table, (Figure 3.2.2), if the corresponding output is 

or z2 or . . . or z^, respectively. Also enter the state qi(P) and 

the corresponding PIO value in the table of entries, Figure 3.2.3., 

and increment P. If an indicated error is encountered, go to Step 4, 

otherwise go to Step 3. 

3. First look at all the rows of M2 except the PS. If all these 

rows are either completely filled or completely empty and the PS is 

completely filled go to Step 7. Otherwise, if the PS is completely 

filled, by looking at M2 obtain an input sequence which will cause 

M2 to transition to a state which contains at least one entry but not 

completely filled. Apply this Input sequence to and M2. If the 

PS contains a blank entry or after transitioning M2 to a state which 

has a blank entry, apply the proper input, to fill the blank entry, 

to and M2. Again enter the proper q1(P) as explained in Step 2 

in the state table, Figure 3.2.2, and in the table of entries Figure 

3.2.3 along with the corresponding PIO value. Increment P. If an 

indicated error is encountered, go to Step 4. Otherwise repeat Step 3. 

4. Let P « P - 1. Let the present state of M2 he that which 

contains q1(P) corresponding to the present P value as an entry. Let 

PIO be that which is listed In the table of entries Figure 3.2.3 
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corresponding to «^(P) . Using i corresponding to the sane qjfP), if 

i + £ > where t is the number of output symbols in Z, go to Step 5. 

Otherwise change q^P) to qi+^(P) in and in the table of entries. 

Let the present state of be q1+£* Increment P and PIO and go to 

Step 2. 

5. If P - 1 go to Step 6. If not, delete q^P) from M2 and de¬ 

lete the corresponding entry from the table of entries. Go to Step 4. 

6. Let >* + 1. Make appropriate modifications to the 

state table and to the table of entries. Delete q^(P) from and the 

corresponding entry from the table of entries and go co beep 2. 

7. Derive a fault-detection experiment using M2. Apply the 

experiment one input at a time to and If an indicated error 

is encountered, terminate the fault-detection experiment and go to 

Step 4. If not and the end of the experiment is reached, the state 

table la an equivalent state table representation of the unknown 

machine M^. 

Recall from the discussion in Section 2.2 that in searching for 

a state table representation of the unknown machines, the algorithm 

generates all state tables of states or less. After each itera¬ 

tion the value <K is increased by one, that is , - ¢. + 1, where 
J j+l J 

J » 0, 1, 2, . . . , and the search is continued.^* The algorithm does 

not impose an upper bound on i(y Therefore the algorithm must converge 

on an equivalent state table representation of the unknown machine. 

•Aa Iteration 1. mdamtood to aean each tlae th. value ^ 1. cheaged. 

p—rrrr— 
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3.3. An Example 

At first glance the algorithm will seem very long and complex. 

The following example will help clarify the procedure: 

Example 1: Find a state table M„, which is an equivalent state table 

representation of the machine shown in Figure 3,3.1. It 

is given that X - {0, 1}, and assume that the machine is 

in state A. 

Step 1. This step corresponds to Step 1 of the algorithm. A 

record of the test sequence, the present states of M. and and PIO 

will be maintained in Figure 3.3.2. Apply a sequence of zeros Xq to 

until the output appears to be repeating periodically. The first 

four inputs yield * 0000. The output appears to be a sequence of 

repeating zeros. Thus Cq » 0. Here we terminate the input sequence 

X,,. Now apply a a.quenc of o„aa Xl to until the output appear. 

to be repeating periodically. After .1« input, of Xl the output 8.- 

quence yielded is ç * 101010. The output appears to be a sequence 

A 
where the subsequence 10 is repeating. Thus - 10. Now terminate 

the input sequence At this point the test sequence is: 

Test Sequence 

X 
0 

X 
1 

Input 

Output 

0 0 0 0 

0 0 0 0 

I 1111 
I 
I 10 10 
i ''"-nc-1** 

„ * 

1 1 

1 0 
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Figure 3.3.1. A machine 
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PIO 

0 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

input 

0 

0 

0 

0 

1 

1 

1 

1 

1 

1 

0 

1 

0 

1 

0 

0 

1 

0 

PS of M, 

A 

A 

A 

A 

A 

B 

A 

B 

A 

B 

A 

A 

B 

C 

B 

C 

B 

A 

A 

B 

Output 

0 

0 

0 

0 

0 

1 

0 

1 

0 

1 

0 

0 

1 

1 

1 

1 

1 

0 

0 

1 

PS of M. 

^2 

qi 

q2 

^1 

% 

q4 

9, 

Figure 3.3.2. A test sequence derived in Example 1 as it appears 

at the end of this example. (Continued) 
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Figure 3.3.2. (Continued) 

PIO Input PS Jf M, Output PS of M, 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

0 

1 

0 

1 

1 

1 

0 

1 

1 

0 

1 

0 

1 

1 

1 

1 

0 

1 

0 

c 

B 

c 

B 

A 

B 

C 

B 

A 

A 

B 

C 

B 

A 

B 

A 

A 

B 

C 

1 

1 

1 

1 

0 

1 

1 

1 

0 

0 

1 

1 

1 

0 

1 

0 

0 

1 

1 

q2 

q4 

q2 

ql 

q2 

q4 

q2 

*1 

ql 

q2 

q4 

q2 

ql 

q2 

ql 

q2 

q4 



.
.
 
-
 

—
 

npp 



Consider, now one cycle of ç0 and Cr The output symbol 0 appears 

at most one time in one cycle of each sequence. The output symbol 1 ap¬ 

pears at most one time in one cycle of each sequence. Let if>0 be the 

largest number of appearances of any single output symbol in one cycle 

of any of the different output sequences, that is the C^'s. Thus 

*0 * 1* Let the lon(?e®t which contains appearances of the single 

output symbol be q*. Thus q* - ^. Let L be the length of q\ 

Thus L - 2. The input symbol which corresponds to the first output sym- 

* 
bol q will be taken as the starting point of the test sequence and the 

index FIO will have the value 0 at this point. 

Construct a table as shown in Figure 3.2.2. See Figure 3.3.3. 

Note: At this point the only output symbols known are the set {0, 1}. 

Construct a table of entries as shown in Figure 3.2.3. See Figure 

3.3.4. 

Let the present state of M2 be q2 as z(PIO) - z(0) - 1. Increment 

PIO. Thus P10 » 1. Let P « 0 where P is an index which indicates the 

order in which entries are made in the state table, that is q.(P). 

Apply the next L > 1 - 1 input to M2 from the test sequence. That 

is the input corresponding to PIO - 1. Enter q^O) in the x - 1 column 

of row q2 in M2 as x - 1 for PIO - 1 and z - 0 for PIO - 1. Increment 

PIO. At this point M2 Is as shown in Figure 3.3.5. 

The present state of M2 now is Let P - 1 and go to Step 2. 

Step 2. This step corresponds to Step 2 of the algorithm. 

Continue to apply the test sequence to M2. Each time an entry is to 

be made in iq, enter qjfP) » q2(P), . . . , or q¿(P) in W2 if the 
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PS 
NS 

z 
X - 0 X * 1 

ql 

q2 

0 

1 

Figure 3.3.3. A table used to derive a state table. 

P Next State q^P) PIO 

1 

2 

3 

4 

Figure 3.3.4 A table of entries used to record entry data 
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PS 
NS 

z 

X * 0 X - 1 

ql 

q2 ql(0) 

0 

1 

Figure 3,3.5. M,, at completion of Step 1. 

PS 
NS 

z 

X
 i o
 

X * 1 

ql 

q2 

0 

1 

Figure 3.3.6. M at completion of Step 2. 



1 » 1 lv UM—I mi] >' 

30 

corresponding output is z^, * * * * » or zl re8Pect:*-ve^y* UPon 

applying the next input from the teat sequence corresponding to PIO - 2 

to M2 an entry is required in M2. Enter q2(l) in the x - 1 coluwi of 

row v M, 1= now an .howo ln Figur. 3.3.6. 

Enter q (1) and PIO » 2 in the table of entries. The table of 
2 

entries is now as shown in Figure 3.3.7. Increment P and P10. Thus 

p * 2 and PIO » 3. The present state of M2 is now q2. Continue to 

apply the test sequence to Mj. Application of the presently remaining 

three inputs in the test sequence does not Indicate an error and re¬ 

quires no more entries in Mr Thus PIO - 4 » 5, 6 and the present state 

of M2 PS « qj, q2. qj- No errors were indicated therefore go to Step 

3. 

Step 3. This step corresponds to Step 3 of the algorithm. The 

present state q2 of M2 has a blank entry as seen in Figure 3.3.6, and 

applying a "O'1 input will fill this entry. Thus apply a "0" input to 

and record the results in the test sequence. The corresponding out¬ 

put from Mx was a "0". Therefore, the proper entry in the x » 0 column 

of row qx of M2 would be q^) . Enter this in M2 and in the table of 

entries. The state table ^ is represented by Figure 3.3.8. The table 

of entries is now represented by Figure 3.3.9. Increment P. Thus, 

p « 3. Go to Step 4. 

Step 4. This step corresponds to Step 3 of the algorithm. Step 

3 of the algorithm is repeated as no errors have been encountered with 

M2 in in present form and all the information provided by the test 

sequence in Its present form has been used. The present state of M2 
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p Next State q¿(P) PIO 

1 

2 

3 

4 

12U) 

1,,,, ..— —1 

2 

i- 

Figure 3.3.7. The table of entries at completion of Step 2 



PS 
NS 

z 
X - 0 X ■ 1 

ql 

q2 

q1(2) q2(l) 

qj(0) 

0 

1 

Figure 3.3.8. at completion of Step 3. 

F Next State q¿(P) PIO 

1 

2 

3 

4 

q2(l) 

qi(2) 

2 

6 

Figure 3.3.9. The table of entries at completion of '"‘•^p 
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ia q^. From (Figure 3.3.8) we see that the row q2 has a blank entry. 

An input "l" will put M2 in state q2> and then an input "0" will cause 

the blank entry in state q2 to be filled. Thus apply the sequence {10} 

t° and record the results in the test sequence. The test sequence 

now is represented by Figure 3.3.2 from the top of the figure to the 

first dotted line. Apply the sequence {10} to The output produce! 

by the "1" input corresponds to the output produced by Mj. For the "0" 

input produced a "1" output. Thus enter q2(3) in the x - 0 column 

of «2 and in the table of entries corresponding to P - 3. 

M2 is now represented by Figure 3.3.10. The table of entries is 

now represented by Figure 3.3.11. Increment P. Thus P - 4. The pre¬ 

sent state of »2 is q2> No Indicated errors were encountered during 

execution of this step. Go to Step 5. 

Step 5. This step corresponds to Step 3 of the algorithm. By 

looking at Figure 3.3.10, we see that M2 is now completely specified. 

That is, there are no blank entriea in M2. Thus, we have reached the 

point where a state table has been derived. Now, we must ascertain 

whether or not thia table is an equivalent representation of the 

machine being tested. Go to Step 6. 

Step 6. This step corresponds to Step 7 of the algorithm. Derive 

a fault-detection experiment using Using the procedures outlined 

in Section 2.2 we see that a fault-detection experiment for IL ia 

sequence {11011101}. Begin applying this sequence to and M2. If 
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PS 
NS 

z 

X « f* X ■ 1 

ql 

q2 

^(2) 

q2(3} 

q2(1> 

-^(0) 

0 

1 

Figure 3.3.10. M at completion of Step 4. 

P Next State q¿(P) P ï 0 

1 

2 

3 

4 

<4(1) 
4b 

ql(2) 

2 

6 

8 

Figure 3.3.11. The table of entrlea at completion of St*p 4. 
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an indicated error is encountered, terminate the fault-detection 

experiment. On applying the first element of the experiment, the 

output produced by is "1" while the output indicated by is 

’'O". Thus, M2 must contain *in error. Go to Step 7. Note: The test 

sequence is now represented by Figure 3.3.2 down to the second dotted 

line. 

Step 7. This step corresponds to Step 4 of the algorithm. Let 

P - P - 1. Thus P » 3. Let the present state of M2 be that which 

contains qjO) as an entry. Thus, let the present state of M2 be q2- 

Let PIO be that which is listed in the table of entries corresponding 

to q1(3). See Figure 3.3.11. Thus, let PIO - 8. Using i correspond¬ 

ing to the same q^P) , i + £ > that is 2 + 2 > 2(1), thus go to 

Step 8. Note: Recall that l is the number of output symbols in the 

output set Z. 

Step 8. This step corresponds to Step 5 of the algorithm. 

P * 3, therefore delete q^S) from Hj and delete the corresponding 

entry from the table of entries. Thus and the table of entries 

are now represented by Figures 3.3.8 and 3.3.9 respectively. Go to 

Step 9. 

Step 9. This step corresponds to Step 4 of the algorithm. Let 

P - P - 1 - 2. Let the present state of M2 be that which contains 

q^(2) as an entry, that is q^. Let PIO be that which Is listed in the 

table of entries corresponding to q^(2), that is P10 * 6. Using i 

corresponding to q^Z) » 1 + 1 > that is 1 + 2 > 2(1). Go to 
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Step 10. This step corresponds to Step 5 of the algorithm. 

P « 2, therefore delete qi(2) from and delete the corresponding 

entry from the table of entries. Thus M2 and the table of entries 

are now represented by Figures 3.3.6 and 3.3.7, respectively. Go to 

Step 11. 

Step 11. This step corresponds to Step 4 of the algorithm. Let 

P ■ p _ 1 » i, Let the present state of M2 be that which contains 

,^1) as an entry, that 1. V Let PIO be Chet -hlch in lieted in the 

table of entries corresponding to q^U) , that is PIO - 2. Using 1 

corresponding to q^l) , Í + l > that is 2 + 2 > 2(1). Go to 

Step 12. 

Step 12. This step corresponds to Step 5 of the algorithm. P « 1. 

Go to Step 13. 

Step 13. This step corresponds to Step 6 of the algorithm. Let 

tj»g + 1 - 2. Make appropriate modifications to and to the table 

of entries and delete q^(l) from M2 and the corresponding entry from 

the table of entrien. and the table of entries .re no. represented 

by Figures 3.3.12 and 3.3.13, respectively. Go to Step 14. 

Step 14. This step corresponds to Step 2 of the algorithm. Re- 

ell thet the pr„..„t nt.te of i. V PIO - 2, and P - 1. Apply rh. 

test sequence one input at a time to M2. For the input corresponding 

to PIO » 2, enter q2(l) in the x » 1 column of row q1 of M^. Also, 

enter q2(l) and PIO * 2 in the table of entries. and the table of 

entries are now represented by Figures 3.3.14 and 3.3.15, respectively. 
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Figure 3.3.12. M2 at the of SceP 

p Next State q^p) P I 0 

1 

2 

3 

4 

5 

6 

7 

8 

Figure 3.3.13. The table of entries at completion of Step 13. 
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PS 
NS 

z 
a - 0 X » 1 

^1 

q2 

q3 

q4 

q2(l) 

q^o) 

0 

1 

Ü 

1 

F-»¿ re 3.3.14. M2 as It appears in part of Step 14. 

p Next State q^P) PIO 

1 

2 

3 

4 

5 

6 

7 

8 

qjCD 2 

Figure 3.3.15. The table of entries as It appears In 
part of Step 14. 
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Increment PIO and P thus, PIO - 3 and P - 2. The present state of M2 

is now q2. In applying the next three inputs from the test sequence, 

those corresponding to PIO - 3, 4, and 5, no entries are needed and 

no errors encountered. So we have reached the point where the present 

state of M2 is P - 2, and now we apply the Input from the test se¬ 

quence corresponding to PIO ■ 6 to Here we enter q^(2) in the 

X ** 0 column of row in Mj. Also enter q^(2) and PIO - 6 in the 

table of entries corresponding to P = 2. M2 and the table of entries 

are now represented by Figures 3.3.16 and 3.3.17, respectively. The 

present state of M2 now is q^ P * 3, and we apply the input corre¬ 

sponding to PIO - 7 to Mj. No entry Is required and no error is en¬ 

countered. How the present state of M2 is q2 and we apply the input 

corresponding to PIO ** 8 to M2. Here we enter q2(3) In the x ■ 0 

column of row q2 In M2. Also enter q2(3) and PIO * 8 in the table of 

entries corresponding to P - 2. and the table of entries are now 

represented by Figures 3.3.18 and 3.3.19, respectively. Now the 

present state of M2 is q2, P » 4, and we apply the input corresponding 

to PIO - 9 to M,. An indicated error occurs. Go to Step 15. 

Step 15, This step corresponds to Step 4 of the algorithm. Let 

P ■ P - 1 » 3. Let the present state of M2 be that which contains 

qjp) as an entry, that is qr Let PIO be that which is listed in 

the table of entries corresponding to q^S), that is let PIO - 8. 

Using 1 corresponding to q^(3) , Í + t f that Is 2 + 2 / 2(2). 

Thus, change q2(3) to q^O) in M2 and in the table of entries. Incre¬ 

ment P and PIO. Thus, P - 4 and PIO - 9. Let the present state of M2 
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PS 
MS 

2 
X - 0 X ■ 1 

ql 

q3 

q4 

q.(2) 
1 q2^1^ 

qj^io) 

0 

1 

0 

1 

Figure 3.3.16. M2 as it appears in part of Step 

p Next State q^P) PIO 

1 

2 

3 

4 

5 

6 

7 

8 

<t2 ^ 

q1(2) 

2 

6 

Figure 3.3.17. The table of entries as it appears in part 
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PS 
NS 

z 
X » 0 X ■ 1 

ql 

q2 

q3 

q4 

9^2) 

q2<3) 

q2(l) 

qi(0) 

0 

1 

0 

1 

Figure 3.3.16. M~ as it appears in part of Stop 14. 

1 

2 

3 

4 

5 

6 

7 

8 

Next State qi(F) 

q2(l) 

ql(2) 

q2(3) 

PIO 

2 

6 

8 

3.19. The table of entries as it appears in part of Step 14. 



be q . M and the table of entries are now represented by Figures 
*▼ 4m 

3.3.20 and 3.3.21» respectively. So to Step 16. 

Step 16. This step corresponds to Step 2 of the algorithm. The 

present state of M, is qP - A, and we apply the input corresponding 

to PIO « 9 to M2. Enter q2W in the » « 1 column of roí# q^ in Mj. 

Also enter q2(4) and PIO - 9 In the table of •ill»*«* corresponding to 

P • A. M2 and the table of entries are now represented by Figures 

3.3.22 and 3.3.23» respectively. At this point all the information 

contained so far in the test sequence has been used. The present state 

of is q2 and P - 5. Go to Step 17. 

Step 17. This step corresponds to Step 3 of the algorithm. 

Notice that all the rows of are either completely filled or com¬ 

pletely empty except row q^. If we can fill the blank entry in row 

q^ of the state table will be completely specified, provided that 

state q-j does not appear as a next state entry. From state q2* ihe 

present state of a "0” input will transition M2 to state q^. Then 

a "0" input will fill the blank entry In row q^,. Thus apply the se¬ 

quence {00} to Mx and W2 and record the results in the test sequence. 

The first input causes no error. On applying the second input from 

the above sequence, produces an output of "1". Thus enter q2(5) 

in the X - b column of row q4 in M2 and enter q2(5) and PIO • 11 in 

the table of entries. The present state of now is q2> P * 6, and 

PIO - 12. The test sequence le now represented by Figure 3.3.2 from 

the top to the third dotted line. M2 and the table of entries are now 

represented by Figures 3.3.24 and 3.3.25, respectively. Go to Step 18. 
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Figure 3.3.20. M- as it appears at completion of Step 15. 

1 

2 

3 

4 

5 

6 

7 

8 

Next State q^(P) 

q2(l) 

V2) 
V» 

gure 3.3.21. The table of entries as it appears at completion of 

Step 15. 
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Figur« 3.3.22. M2 as it appears at completion of Step 16. 

3.3.23. The table of entriea as it appears at completion of 

Step 16. 
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Figure 3.3.24. M2 a» it appears at completion of Step 17. 

p Next State PiiP) PIO 

1 

2 

3 

4 

5 

6 

7 

8 

q2(i) 

qitZ) 

q4(3) 

q2<4) 

q2(5) 

2 

6 

8 

9 

11 

Figure 3.3.25. The table of entries as it appears 
at completion of Step 17, 
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Step 18. This step corresponds to Step 3 of the algorithm. All 

the rows of M2 are now either completely filled or completely empty 

and the row corresponding to the present state of M2 is completely 

filled. Go to Step 19. 

Step 19. This step corresponds to Step 7 of the algorithm. 

Derive a fault-detection experiment using M^. Using the procedures 

outlined in Section 2.2 it is easily found that a fault-detection ex¬ 

periment for «2 is the sequence 

{ 1010101110110101111010010101 } . 

Apply this sequence to M and M one element at a time and record the 
1 — 

results in the test sequence. After applying the entire sequence to 

and M2 no errors were encountered. Thus M2 is a three state machine 

and is an equivalent representation of the machine being tested. The 

row q3 in M2 Is not used, so M2 as it appears at the end of the 

algorithm is represented by Figure 3.3.26. A comparison of the follow¬ 

ing derived table and the actual table being tested (Figure 3.3.1) 

reveals that the tables are equivalent. 
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FS 

NS 
z 

X - 0 X * 1 

qi 

q2 

% 

qi 

q2 

q2 

ql 

q2 

0 

1 

1 

Figure 3.3.26. The final state table as derived by the algorithm 
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3.4. Computer Example 

This section presents a solution to the same example shown In 

Section 3.3. The program of Appendix 1 was used in the solution of 

this example. 

The data provided at the end of the example is in octal notation. 

Incorrect entries refers to those entries made in M2 which were subse¬ 

quently changed or deleted by Step 7 of the algorithm. Additional 

notation on the listing is provided to help understand the information. 



4<> 

00.The first column consists of the 
00 input sequence applied to M.. 
00 
00.The second column consists of the 
11 corresponding outputs from 
10 
11 
10 
11 
10 
00 
11 
0].The combined sequences are referred to 

in the algorithm as a test sequence. 

PS NS 
0 1 

SI S 1( 2) S 2( 1) 
S 2 S 2( 3) SI 

Z 

0 
1 

The first state table de¬ 
rived by the algorithm. 

PS 

S 1 
S 2 

S 3 
S 4 

NS Z 
0 1 

S 1( 2) S 2( 1) 0 
S 2( 3) SI 1 

0 

1 

The second state table de¬ 

rived by the algorithm. 

01 
01 
11 

PS 

S 1 

S 2 
S 3 

S 4 

NS 
0 1 

S 1( 2) S 2( 1) 

S 4( 3) SI 

S 2( 5) 

Z 

0 . . . 

1 
0 

1 s 2( 4) 

The last state table de¬ 

rived by the algorithm. 
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10 
00 
11 
10 
00 
11 
01 
11 
10 
11 
10 
00 
11 
01 
11.A fault detection experiment for checking 
01 the preceding table. 

11 
10 
11 
01 
11 
01 
01 
10 
00 
11 
01 
ll 

PS NS 
0 1 

SI S 1( 2) S 2( 1) 
S 2 S 4( 3) SI 
S 4 S 2( 4) S 2( 5) 

Z 

0 
1 
1 

if OF INPUTS 000054 
# OF INCORRECT ENTRIES 000004 
if OF INPUTS/# OF INCORRECT ENTRIES - 000013 + 000000/000004 

END 



CHAPTER IV 

COMPUTER IMPLEMENTATION 

4.1. Introduction 

Clearly to implement the preceding algorithm which is designed for 

a general case, as a computer program certain limitations must be put 

on the machine to be tested. In the case of the program listed in 

Appendix I, these limitations are: 

1. The input set X is restricted to X - {0, 1). 

2. The output set Z is restricted to Z » {0, 1}. 

3. The maximum number of states is limited to ten 0-states and ten 

1-states for a total of twenty states. 

4. The machine being tested must also possess a synchronizing 

sequence. This Is because there are different fault-detection 

experiments for different classes of machines. Thus we limit 

our solution to one particular class of machines. 

Throughout the operation of the program, the operator will act 

as the "black box" or machine being tested. After the program is 

loaded and started, an input will be printed on the teletype by the 

computer. The operator will then determine the correct output response 

and type it on the teletype. The computer will echo a line terminator. 

After an input has been printed by the computer, the operator, before 

printing the output response, may request the state table in its im¬ 

mediate form be printed. To do this the operator types a "P". The 

computer will accept this and then wait for the operator to print the 

output for the preceding input. The operator then prints the output 
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symbol and the computer will terminate the line and print the state 

table in its immediate form. After the program has a completely 

specified table constructed, the state table will be printed before 

a fault-detection experiment is Initiated. After finding an equivalent 

state table for the "black box", the program will again print the state 

table leaving out any unused states. This will be followed by a data 

list in octal notation, the total number of Inputs applied, the total 

number of incorrect entries made, and a ratio of these two values. 

The computer used was the PDP-9 of the Department of Electrical 

Engineering, Ohio State University. All programs were assembled and 

loaded under the Digital Equipment Company’s PDP-9 disk operating 

system KM9-15 V5A. 

In the listing of Appendix I, all numbers contained In the program 

instructions are in octal notation while all numbers in the comments 

section are listed in decimal notation. 

4.2. Main Program 

The START routine is the controlling routine for the program. A 

general flow chart for this routine is provided in Appendix I. De¬ 

tailed comments are listed in the program. Below is a block diagram 

which describes the calling sequence of the various routines in the 

program. Blocks call other blocks to their right, while returns are 

performed to the left. See Figure 4.2.1. 
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<- -»• 

Return Junp to Subroutine 

Figure 4.2.1. A block diagram of the program call sequence 
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4.3. APPLY Routine 

APPLY stores the input in the test sequence. Then when a 

character is typed on the teletype, it is decoded. If It is a proper 

output character, that is a ”0" or a "1", it is stored in the test se¬ 

quence and return to calling program is performed. If the character 

is a ' P", a display flag is set and the routine then waits for the 

proper output. If any other character is received, a "?" is printed 

on the teletype and the routine waits for a proper output. 

4.4. ZONE Routine 

Zone applies 0 inputs until three cycles of a repeating output 

sequence are recognized. Then 1 inputs are applied until three cycles 

of a repeating output sequence are again recognized. 

4.5. SERCH Routine 

SERCH looks at the output sequence produced by an input sequence 

of 0's and searches for three cycles of a repeating output sequence. 

When three cycles are observed control is returned to ZONE which begins 

application of an input sequence of I's. The SERCH routine is then 

called to signal when three cycles of a repeating output sequence is 

found which corresponds to an input sequence of I's. 

SERCH Is called by ZONE after each application of an input. 

4.6. COUNT Routine 

COUNT takes one cycle of a repeating output sequence and counts 

the number of 0 outputs and the number of 1 outputs. The larger of 
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these two numbers is & lower bound on the number of states In the state 

table as constructed by the program, 

4.7. INPUT Routine 

The state table is stored using four words of core for each row in 

the state table. The first and second words contain the next state for 

a 0 input and its P value respectively. The third and fourth words 

contain the next state for a 1 input and its P value, respectively. 

The first four words are used for the first state of the state table 

as shown In Figure 3.1.2. The next four words are used for the second 

state of the state table and so on. 

INPUT gets the next input from the test sequence and looks at the 

proper entry in the state table. If a next state is specified, INPUT 

compares the next state's output with the next output from the test 

sequence. If there is an error, an error flag is set and the routine 

is exited. If there is no error, the present state is updated and the 

routine is repeated. If no next state Is specified, INPUT enters a 

next state in the state table, updates the present state and continues. 

If INPUT reaches the end of the test sequence, the routine is exited. 

4.8. FIND Routine 

FITAB is the storage area used to find an input sequence which 

will cause the state table, to transition from qA to q^. The first 

word of FITAB is used to store q,. The next word will contain the 

first input. The third word will contain the state implicated by q£. 



'•it HWiiMi 

56 

The words of FIT AB continue to alternate with an input and a next 

state. All input sequences of length - 1 or less are tried. When 

an input sequence Is found which will cause a transition in the state 

table fro« q to q , the sequence is stored in FITAB2 with eighteen 
i J 

inputs per word. The routine continues to search for a shorter se¬ 

quence. When the shortest sequence has been found, the routine applies 

the input sequence to the "black box" then exits. 

4.9. SSFIND Routine 

This routine is a subsection of FIND and is called only by CHECK. 

CHECK specifies a state qj to which the state table is to transition. 

SSFIND obtains the shortest input sequence to do this, applies It to 

the "black box" and exits. 

4.10. ERROR Routine 

This routine changes the last entry that was made in the state 

table from q^ to qi+2‘ lc than checks to see if q^ is outslde the 

table. If it is, q1+2 is deleted from the table and the next to the 

last entry that was made in the state table is changed from q^ to 

q1+2, and so on. If q1+2 is within the table, the routine is exited. 

After all possible states have been tried in each entry, a 0 output 

state and a 1 output state are added to the table and the routine is 

exited. 
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4.11. FULL Routine 

This routine looks at each row in the state table. If no row 

contains "only” one blank next state entry, the table is considered 

completely specified and a flag is set. A row which has no entries 

is not used by the state table and can be considered nonexistent. 

4.12. CHECK Routine 

This routine generates the fault-detection experiment to check 

the state table. A check flag is set to Indicate that CHECK is the 

controlling routine. If an error in the state table Is found, the 

check flag is cleared and the routine Is exited. 

4.13. SYSAPP Routine 

This routine takes the synchronizing sequence generated by FSYS 

and applies It to the "black box". The sequence is stored with 

eighteen Inputs per word in the storage location SYNT2. 

4.14. PSYS Routine 

Storage area SYNT1 Is used to derive the synchronizing sequence 

for a state table. Two words are used for each node in a branch of the 

synchronizing tree. One branch at a time Is developed. The high order 

bit of the first word is the input which produces that node of the tree. 

The low order two bits of the first word and the entire eighteen hits of 

the second word are used for the node Itself. One bit represents one 

state in the state table. State q]L is represented by the low order bit 
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of the second word, q^g Is represented by the high order bit of 

second word. q19 and q2o are represented by the two low order bits 

of the first word. The next two words represent the next node in the 

branch. 

All input sequences are tried. After a synchronizing sequence la 

found, it is stored in SYNT2 allocating eighteen inputs per word. FSYS 

then continues to search for a shorter synchronizing sequence. After 

all input sequences of maximum length or shorter are tried, the routine 

is exited. 

If no synchronizing sequence is found an error flag is set when 

the routine exits. 

A branch in the synchronizing tree terminates if a node appears 

twice in the same branch. The same branch is specified because storage 

area size permits working with only one branch at a time. A branch 

also terminates if the length of the sequence reaches the maximum 

length. The maximum length as stated previously is Ui>i - D^j/2 

where is the number of states in the state table. Also when a syn¬ 

chronizing sequence is found, the maximum length used in the search for 

a shorter synchronizing sequence is the length of the previously found 

synchronizing sequence minus one. 

4.15. Remaining Routines 

The remaining routines are small routines for printing, reading, 

printing data, printing the state table, etc. The comments contained 

in these routines will suffice to explain their purpose. 
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4.16. Summary 

A general description of how the program Hated in Appendix I is 

implemented and how each routine is used is given. A flow chart (See 

Appendix I) ia provided to give the reader a basic understanding of 

the overall function of the program. Also a block diagram was given 

to provide an understanding of the calling sequence of the program. 



CHAPTER V 

SUMMARY AND CONCLUSIONS 

This thesis presented an algorithm for the derivation of an 

equivalent state table representation of an unknown machine using 

only input and output sequences asoociated with the unknown machine. 

It was shown that the machine must meet two restrictions. The machine 

must be strongly connected and its input set must be defined. 

A computer program which Implements the algorithm was listed and 

it was shown that other limitations had to be put on the machine mainly 

because of limited storage area available. The machine was limited to 

a maximum of twenty states. Even so the routine which finds a syn¬ 

chronizing sequence for the state table required a maximum of 7000 

octal locations in memory. As the number of states increases, the size 

of memory required grows very rapidly. 

In designing the PSYS routine it was quickly observed that storing 

a complete synchronizing tree in a limited amount of memory is prac¬ 

tically Impossible. A synchronizing sequence may be as long as 

(N - l)2N/2 where N is the number of states in the machine. That is 

2 
to say that the synchronizing tree could have (N - 1) N/2 levels and 

Y nodes where Y Is: 

(n-l)2N/2 
Y - 1 + E 21 . 

i-1 

This clearly would take an enormous amount of memory. Thus it was 
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»y 
decided to work with only one branch at a time. Thus only (N - 1) N/2 

nodes maximum at a time were stored. 

Appendix I also showed an example of the solution of a ten state 

machine. Its solution required 546 octal Inputs versus 54 octal Inputs 

for the solution to Example I of Section 3.3, which contained three 

states. Thus it is clear that the complexity of the solution as a func¬ 

tion of the number of states in the machine ie definitely not linear. 

The problem of machine identification is well suited for the 

manufacturing environment. Integrated circuits could be tested as an 

alternative to fault-detection. Further investigation into the machine 

identification problem should possibly include the idea of fault- 

location. If a machine is found to have a fault, then possibly a 

state table for the fault-containing machine could be derived and 

compared somehow to the fault-free state table. This might lead to 

location of the fault. 

The algorithm of this paper may also be used to identify machines 

with multiple inputs and/or multiple outputs. This may be done by re¬ 

defining the input and/or output sets to be single variables with more 

elements. For example, suppose a machine's input sets were Xj *• {0, 1} 

and X2 » {0, 1). The input set could be redefined to be X ■ {0,1,2,3}. 

This set could be accepted by the algorithm. Likewise, the output sets 

could be redefined also. 



APPENDIX I 

Appendix I contains a listing of a computer program which 

implements the algorithm described in this paper. A general des 

cription of the various routines was given in Chapter IV. This 

listing also contains comments which describe in detail the 

functions performed. 
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DATA 
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.CLO«l 
ST*R f 02.“I 

DlH 
D2H 
02 M 
D2M 
02H 

KSr*700J01 
Í!.. « 7004 06 
TSr -V00401 
KR8*7003lZ 
TCf 0^0402 

L*C 
OAC 
L»C 
OAC 
TAD 
OAC 
JMS 
JMS 
L*C 
CMA 
TAO 
TaO 
SPA 
SKP 
IS 2 
JHS 
LAC 
S2 A 
JMP 
LAC 
DAC 
DAC 
LAC 

STI CMA 
TAO 
OAC 
LAC* 
ANO 
S2 A 
JMP 
LAC 
TAO 
OAC 
JMP 

STZ LAC 
TAD 
DAC 

ST3 LAC. 
AND 
RCL 
PCL 
Tad 
OAC 
IS2 

ST 4 JMS 

F STS 
INCL1 
PI OF 
¡CT 
PCT 
INC 
OISFL 

< !0*D 
I DADD 
(TAHLt 
NS0 
( 4 
MSI 
clear 
20NE 
LM£P 1 

<1 
LWiiP* 

INCH 
COUNT 
INCL1 

sie 
si 
SLOC 
PIO 
LHEP1 

13 
P 
PIO 
u 

SI2 
NS0 
110 
NS0 
ST3 
NS I 
(10 
NSl 
PIO 
(1 

( T ABLE 
PS 
PIO 
INPUT 

/IQAdD » address df test sequence 

/NS0*nEXT 2ER0 state 

/nsi*next one State 

/IS LENGTH of REPEATING xf 
/equal TO OR GREATER THAN 
'LENGTH OF REPEATING XI ? 

/NO 
/TES 

/IS HERD SEQUENCE START OF TEST SEQUENCE T 
/TES 
/NO 

/PIO * START of test sequence 

/imualiie P 

/is initial state OUTPUT *0" 1 
/NO 
/TES 

/UPDATE HS0 

/UPDATE NSl 

/GET FIRST OUTPUT 

/INITIALI2E PRESENT STATE OF M2 
/PIO » NEXT iNPUr/OUTPUT COMBINA 11 ON 
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ST 7 

STS 

CLE A» 

CU 

»PPL Y 

»PI 

L*C 
sz» 
SKP 
JMP 
JHS 
JMP 
JMS 
L»C 
SZ» 
JMP 
JMS 
L»C 
SZ» 
JMP 
JMP 
JMS 
L*C 
SZ* 
SKP 
JMP 
JMS 
JMS 
JMS 
ML T 
L« 
OAC 
D*C 
L*C 
JMP 

EKRFL 

L*C 
OAC 
LAC 
OAC 
OZM. 
ISZ 
tsz 
JMP 
JMP. 

DAC 
JM S 
LAC 
»CL 
OAC* 
RC» 
TAD 
JMS 
'MS 

1 ..O 
SZ» 
SKP 
JMP 
r#o 
sz* 
JMP 
|SZ 

ST 6 
EHRQR 
ST * 
FULL 
FULF 

ST 7 
FINO 
EMHFL 

STS 
SI 4 
CHECK 
CKf'L A 

STS 
OISPLA 
OA T A 
LNO 

SU 
SL OC 
PIO 
LHCPe 
STi 

(TABLE 
TMPl 
<-tfe 
CT 
TMP» 
TMPl 
CI 
CLi 
CLEAR 

TMP2 
CHL 
1MP2 

|0»DO 

( Z6U 
PHINT 
OEAO 
1-61» 

AP 4 
(-4# 

AP il 
DlSFl 

/IS there AN ERRO» T 
/TES 
/NO 
/CORRECT ERROR 

/CHECK TO SEC IF TABLE IS FULL 

/IS THE TABLE FULL ï 
/YES 
/NO 

/IS THERE AN ERROR Í 
/YES 
/NO 
/CHECK TABLE FOR CORRECTNESS 

/is the table correct î 
/YES 
/NO 
/print the correct table 
/PRINT PERTINENT 0*TA 
/PRINT "ENO* 

/INITIALIZE TEST SEOUENCF'S START LOCATION 
/P]0 « START OF TEST SEQUENCE 
/LOAD L 

/TMPl . ADDRESS OF STATE TABLE 

/MAXIMUM SIZE OF TABLE IS 80 WORDS 
/CLEAR TABLE ENTRY 
/CO TO NEXT WORD 
/IS STORAGE AREA CLEAN 7 
/NO 
/YES 

/STORE INPUT TEMPORARILY 

/GET INPUT 

/Store input in test sequence 

/print input 

/READ CHARACTER 

/IS |T A "O" OUTPUT 7 
/NO 
/YES 

/IS IT * DISPLAY RLOyEST (P) 7 
/NO 
/YCSt set display FLAG 

.... .... 

.... 
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*1*2 

AP J 

»PA 

ione 

101 

Ï02 

ïoi 

ÏO» 

SE HC Hl 

JMP 
T»D 
S? * 
JMP 
L*C 
JMP 
LAC 
JMS 
JMP 
r*o» 
o»c* 
152 
IS2 
JMP. 

02M 

L*C 
OAC 
L*C 
S2 * 
JMP 
LAC 
SKP 
LAC 
JMS 
LAC 
TAD 
SPA 
JMP 
JMS 
L»C 
S2A 
JMP 
LAC 
S2a 
JMP 
L*C 
OAC 
LAC 
OAC 
LAC 
OAC 
L*C 
OAC 
L*C 
OAC 
JMP 
LAC 
D*C 
LAC 
OAC 
LAC 
OAC 
JMP. 

LAC 
DAC 

AP* 
C*141 

AP3 
( 1 
AP« 
{277 
phint 
»Pl 
IOADD 
tOAOO 
10AO0 
!CT 
apply 

SEO 
IOaOO 
SííLOC 
SEO 

203 
<0 

«! 
APPLY 
ICT 
(-3 

202 
SERCM 
Ht P 

2M1 
SEO 

20« 
L 
lhepb 
a 
SEO 
10A00 
S1L0C 
XI 
so 
VI 
ESO 
201 
L 
L«EPl 
*1 
SI 
Y1 
LSI 

20 ME 

‘2 
HEP 

/IS IT A "1" OUTPUT 7 
/MO 
/YES 

/PRINT A "J" 

/GET INPUT 
/STORE InPUT/OUTPUT C0MH|MaT|OM 

/update INPUT COUNT 

/SEOUENCE » "0" 

/S0LOC » start or ALL 2tR0 SEQUENCE 

/IS SEQUENCE ■ "0" ? 
/NO 
/YES 

/apply Input 

/maye at least 3 INPUTS UEEN APPLIED 7 
/NO 
/YES 
/ARE THERE 3 CYCLES 01 A REPEAT! NS OUTPUT 
/SEQUENCE 7 
/NO 
/YES 
/HAVE UOTh 2ER0 AND ONE SEQUENCES PEEN APFLIEü I 
/YES 
/NO 
/LHEPO . LENGTH or 1 CYCLE OP ALL "0" INPUT SEOUENCE 

/INDICATE That all "1" INPUT SEQUENCE HAS BEGUN 

/S1L0C* START or ALL ”1« SfOUENCE 
/Se . start or Repeatinc output 
/SEQUENCE row ”0" INPUTS 
/ES0 * CMC Of REPEATING OUTPUT 
/SEOUENCE POR "0» INPUTS 

/LREPl • LENGTH OF ONE CYCLE OF 
/ALL "l” input sequence 
/si » start or repeat nr, output 
/SEQUENCE FOR "1" INPUTS 
/£Si « end of repeating output 
/SEQUENCE FOR »1» INPUTS 

/ 3 REPETITIONS OF OUTPUT SEOUENCE *RE DESIRED 
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SEI 

SE2 

SEJ 

SE< 
SES 

SEò 

t*C 
Sí* 
JMP 
L*C 
0*c 
Jf*- 
^*c 
Ü*C 
t*c 
T *0 
D*C 
JHP 
JHS 
L*C 
Sí* 
JMP 
IS 2 
t*C 
CM* 
T*D 
SP* 
SKP 
JMP 
IS2 
u*c 
CM* 
T*0 
SP* 
JMPi 
JMP 
L*C 
DAC 
L*C 
D*C 
CM* 
T *0 
T *0 
OAC 
L*C 
T*D 
OAC 
ISí 
IS2 
LAC 
CM A 
T*0 
SPA 
JMP* 
JMS 
LAC 
Sí* 
JMP 
LAC 
OAC 
LAC 
OAC 
LAC 

SEO 

SEI 
SüLOC 
XX 
St ï 
SlLOC 

. XX 
XX 
u 
T 
SES 
EOUAt 
EO 

SE 6 
ï 
y 

tOADO 

su 
XX 
XX 

10*00 

SERCM 
SE? 
Y 

Y1 
XX 
XI 

II 
Y1 
L 
Y1 
1-1 
OH 
XX 
Y 
Y 

10*00 

SEHCH 
EUUAL 
to 

/IS input SEQUENCE "O” 1 
/NO 
/YES 
/XX * ADDRESS qe sequence 

/XX ï ADDRESS Of "1" SEQUENCE 

/Y * XX ♦ 1 

/IS OUTPUT » T XX 3 OUTPUT *T Y ? 
/yes 
/no 

/IS Y *T ENÜ Of TEST SEQUENCE 1 
/YES 
/NO 
/CO TO NEXT OUTPUT ANO REPEAT CHECK 

/IS XX AT END Of TEST .SEQUENCE ? 
/YES 
/NO 

/y 1 . END Of A REPEATING OUTPUT SEQUENCE 

/XI * START Of A REPEATING OUTPUT SEQUENCE 

/L » Yl-Xl* LENGTH Of REPEATING SEQUENCE 

/UB IS A TEMPORARY UPPER BOUND TO DETERMINE 
/WHEN A COMPLETE CYCLE HAS BEEN POUND 
/UPDATE XX AND Y TO CONTINUE COMPARISON 
/Of OUTPUTS 

/IS Y AT END OF TEST SEQUENCE ï 
/YES 
/NO 

/IS (OUTPUT AT Y* OUTPUT AT XX) ) 
/YES 
/wo) check next output eoh repeat 



SE B 

equal 

£01 

E« 
CQ3 
COUNT 

COI 

DAC 
JM P 
L*C 
CM* 
T*0 
TAO 
SP A 
JMP 
LAC 
TAO 
OAC 
1SI 
JM P 
JMP» 

DïM 
L*C» 
AND 
0*C 
LAC» 
AND 
TAO 
SlA 
JmP 
JMP 
TAO 
SI A 
JMP 
l$l 
JMP« 

OEM 
OAM 
LAC 
SZA 
JMP 
L*C 
OAC 
LAC 
OAC 
LAC» 
AND 
$2 A 
JMP 
1SÍ 
IS* 
LAC 
SAO 
SKP 
JMP 
LAC 
CMA 
TAO 
TAD 
SPA 
JH P 
LAC 

MEP 
SEA 
UH 

a 
K* 

SE 7 
UH 
L 
UH 
HEP 
St; 
SERCH 

EQ 
IX 
<1 
TMP1 
T 
H 
TMPl 

LOI 
EU2 
1-2 

EOS 
EO 
EQUAL 

TMPJ 
IMPA 
INCLl 

COA 

n 
IHPl 
ESI" 
TMP2 
TMPl 
Cl 

C09 
IMPS 
IHPl 
IMPt 

ImP'2 

COI 
IMPA 

/reinitialNe pep 

/MAS ONE ctcle OE hcpeatinc 
/OUTPUT SEQUENCE HEtN CHECKED 1 
/NO 
/YESI CHECK NEXT CYCLE 

/MOVE UB TO NEU BOUNDaBY 
/HAVE 3 CvCLES BEEN POUND ï 
/NO 
/YES 

/this flag indicates 2 outputs are equal 

/GET FlHST OUTPUT 

/GET NEXT OUTPUT TO HE COMPARED 

/ARE OUTPUTS EQUAL » 
/hATBE 
/TES 

/ARE OUTPUTS EQUAL » 
/NO 
/YES ¡ SET FLAG 

/fMPS » * OF I EROS 
/IMPA » # OF ONES 

/IS START OF TEST SEQUENCE Si Î 
/NO 
/YES 

/GET AN OUTPUT 

/IS OUTPUT T 
/NO 
/»ES; INCREMENT "H" COUNT 
/GU Tq NEXT OUTPUT 

/HAS COMPLETE SEQUENCE BEEN COUNT£0 J 
/YES 
/NO 

/ACCUMULATOR CONTAINS TMPS-THPA 
/IS # OF "B" OUTPUTS >« « OF "1" OUTPUTS I 
/NO 
/TES 
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C03 RCL 
o*c 
rcl 
RCl 
1*0 
o*c 
JMP» 

CO* LAC 
o*c 
LAC 
OAC 
JMP 

ccs isa 
JHP 

C06 lac 
JMP 

INPUT 
INI LAC 

Si A 
JMS 
0!iN 
KSF 
JHP 
JMS 
TaO 
SI A 
JHP 
JMS 
JHP 

IN2 LAC 
JMS 

1N3 LAC 
CM A 
TAO 
TAO 
SPA 
SKP 
JMP# 
LAC* 
AND 
OAC 
LAC» 
ANO 
OAC 
SI A 
JMP 
LAC 

IN4 OAC 
LAC* 
Si A 
JMP 
LAC 
OAC 
SMA 
SKP 
JMP 

N /|NIT|ALli£ N 

«table 
L T AB /LÍAS * AOOHESS OF STATE TABLE’S E NO 
COUNT 
SB 
TMpl 
IS0 
TMP2 
COI 
TMPA /INCREMENT "1" COUNT 
C02 
TMpA 
CO 3 

OtSFL 
/HAS THERE A DISPLAY REOUEST t 

DISPLA /YES 
OISFL /NO 

/IS THERE A READ IN REQUEST Í 
|N3 /NO 
MEAD /YES 
1-12» 

/IS It A DISPLAY REQUEST (P* ï 
IN2 /NO 
OISPLA /YES 
INS 
(2/7 
PRINT /PRINT A "I" 
IOAOO 

(1 
PI 0 

/IS P[0 1 TO END OF TEST SEQUENCE ï 
/NO 

INPUT /YES 
PIO /CET NEXT OUTPUT 
<1 
PUUT /PQUT IS PRESENT OUTPUT 
PtO 
(2 
PINP /PINP IS PRESENT INPUT 

/IS PINP A "B» 7 
IN7 /NO 
PS /YES 
IMPS /IMPS * ADDRESS MHEWC NEXT STATE ENTRY COES 
IMPS 

/IS PRESENT STATE ENTRY BLANK 7 
INs /NO 
P /YES 
TMP3 

/IS P > 0 7 
/MAYBE 

1N9 /NO 
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INS 

Ina 

in; 

INS 

in» 

INI« 

INH 

SKP 
JMP 
LAC» 
AND 
»CL 
PCL 
TAO 
OAC» 
|S2 
LAC 
OAC» 
LAC 
TAO 
OAC 
LAC 
PCL 
TAO 
OAC 
LAC 
OAC* 
[Sí 
LAC 
OAC* 
lac 
TA 
OA 
LAC* 
OAC 
ISÍ 
JHP 
LAC 
TAQ 
JMP 
LAC 
CP A 
TAO 
TAO* 
PCP 
PCP 
ANO 
SAO 
JH P 
LAC 
OAC 
JMP* 
OÍM 
LAC 
Si A 
4MP 
LAC 
OAC 
TAD 
OAC 
LAC 
4MP 
LAC 
OAC 

/TES 
IN» /NO 
PIO /GENERATE NEXT STATE ENTRT 
ti 

Hable /ns * state number u * a • outputi 
tmps /enter next state in table 
tmps /Increment imps to store p 
p 
TMPS /enter p in table 
tmps 

<-i 

TMPS /move tmps back to ns entry 
p 

{EntaB 
tmp2 /address in table ot entries 
PS 
TMP2 /store ps in table or entries 
TMPÍ 
PiO 
TMP2 /STORE PIO IN table OE ENTRIES 
tmps 
tl 
p /UPDATE P 
IMPS 
PS /UPDATE PRESENT STATE 
PIO /MOVE TO NEXT INPUT/OUTPUT COMBINATION 
INI 
PS 
<2 /INPUT IS "1* 
INa 
(TABLE 

/GET OUTPUT INDICATED B» M2 

/IS POUT * OUTPUT INDICATED BV M2 1 
/YES 
/NQI SET CRNOR Flag 

/IS Ml OUTPUT A "«■■ J 
/NO 
/YES 
/THPl CONTAINS The NEXT STATE OF M2 

/UPDATE NS« 
/THPl CONTAIN! NEXT STATE TO BE ENTERED IN TABLE 

/TMPl CONTAINS The next state of M2 

ti 
TMPS 

(1 
POUT 
IN12 
u 
EHRFL 
INPUT 
P 
POUT 

I Nil 
NS0 
TMPl 
(IB 
NSB 
TMPl 
INS 
NS1 
TMPl 
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IN12 

riNo 

Fil 

FU 

FU 

Fl* 

F15 

F16 

FI7 

T *0 ne 
QIC NSI 
JW» INlB 
1SÏ PIO 
t*c» TMP9 
DAC PS 
JHP ¡NX 

L*C* 
SIA 
JMP 
CL A 
JHS 
JMP* 
LAC 
tao 
DAC 
LAC* 
SIA 
JMP 
LAC 
TAO 
DAC 
LAC 
JMP 
LAC 
fAO 
OAC 
LAC 
OAC 
LAC* 
SIA 
SKP 
JMP 
LAC 
TAO 
OAC 
LAC* 
SIA 
SKP 
JMP 
LAC 
TAO 
OAC 
JMP 
LAC 
TAO 
OAC 
LAC* 
SIA 
JMp 
JMP 
LAC 
TAO 
OAC 
SKP 

PS 

FU 

APPLY 
UNO 
PS 
(2 
PS 
PS 

FU 
PS 
«-a 
PS 
U 
FU 
PS 
c-a 
PS 
(TABU. 
PT4 
PT« 

M6 
PT« 
(2 
PI« 
PT« 

FU 
PT« 
a 
PT« 
FI« 
PT« 
(a 
PT« 
PT« 

F I 7 
FIS 
PI« 
(-2 
fPS 

/UPDATE NSl 

/PIO * PIO » 1 

/UPDATE PS 

/DOES THE PRESENT STATE HAVE A BLANK ENTRY J 
/MAYBE 
/yes 1 PINP IS "0" 
/apply the Input 

/INPUT IS A ”1* 

/ooes the present state have a blank entry i 
/NO 
/YES 

/PIMP IS "1" 

/PT4 IS A POINTER USED TO LOCATE 
/A STATE WHICH HAS ONLY ONE BLANK 
/IS THERE a blank entry ï 
/no 
/YES 

ENTRY, 

/MOVE TO next entry 

/IS "l* INPUT ENTRY BLANK Î 
/NO 
/YES 

/MOVE TO NEXT ENTRY 

/MOVE TO NEXT ENTRY 

/IS IT THE ONLY BLANK ENTRY ? 
/YES 
/NOT CHECK NEXT RON 

/THERE IS ONLY ONE BLANK ENTRY IN ThE STATE 
/FPS*FUTURE present STATE, FPS IS the state 
/TO WHICH MÜ IS TO TRANSITION, 

SSFiNO 
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FI8 

ri9 

(, 

L*C 
«CL 
TAD 
OAC 
DIM 
02 N 
LAC 
□ AC 
L*C 
OAC* 
LAC 
SAO 
JHP« 
D2M 

LAC 
T *0 
OAC 
IS2 
C*C 
OAC* 
IS* 
LAC* 
TAD 
OAC 
L*C* 
OAC* 
SaO 
JMP 
0*M 
LAC 
CMA 
TAO 
TAO 
SPA 
SKP 
JHP 
IS* 
IS* 
JMP 
LAC 
TAO 
OAC 
CMA 
TAD 
TAO 
SPA 
SKP 
JMP 
LAC* 
S*A 
JMP 
LAC 
OAC 
LaC 
TAD 
OAC 
JMP 

N 

t-1 
MSEQ 
FSEQ 
CT A 
(FitaB 
PT4 
PS 
PT 4 
PS 
EPS 
SSFINO 
f IMP 
PT 4 
(I 
P15 
CT 4 
FInP 
PT5 
PI 5 
PT4 
F I NP 
PPS 
pPS 
PT 5 
FPS 
FUS 
F 1 NP 
MSEQ 

/2N-l»MSEQ*MAX!Mim LENGTH OF SEQUENCE 
/FSEQ IS A Flag which INDICATES if A SEQUENCE EXISTS 

/F |Ta8 IS AOOHESS where NEXT STATE 
/ENTRIES APE KEPT 

/PT4 IS AN AOORESS IN FITAB 

/IS PS * FPS ? 
/YES 
/NO; FlNP IS NEXT INPUT IN TH£ SEQUENCE 

/PT5 CONTAINS ADDRESS WHERE INPUT IS STOREO 
/CT* contains length of SEQUENCE 
/GET next input 
/STORE INPUT 

/PPS CONTAINS NEXT STATE IN LINE TO FPS 
/GET NEXT STATE 
/STORE NEXT STATE IN FJTaB 
/HAS SEQUENCE REACHED FPS Í 
/YES 
/NO 

U 
CT 4 

F J 9 
PT 4 
PT 4 
FIS 
PT5 
1*1 
PT5 

/HAS SEQUENCE LENGTH REACHED MAXIMUM ï 
/NOT ADO ANOTHER INPUT TO SEQUENCE 
/YES 

II 
(FITAB 

F111 
pr5 

F110 
(2 
FI NP 
CT4 
,-1 
CT4 
Fla 

/have all 
/NO 
/YES 
/GET L iST 
/HAS L'‘ST 
/NO 
/YES 
/FINP » 1 

SEQUENCES BEEN TR|Eo » 

INPUT 
INPUT A “B" ï 

/CORRECT INPUT COUNT 
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LAC 
tad 
OAC 
LAC 
TAO 
OAC 
LAC 
ÏAD 
OAC 
JM P 
LAC 
S2A 
JMP 
LAC 
OAC 
JMP 
LAC 
TAO 
OAC 
LAC* 
RCR 
JMS 
JM S 
Lac 
52 A 
JMP 
LAC 
TAO 
OAC 
LAC 
CMA 
TAO 
TAO 
SPA 
SKP 
JMP 
LAC 
SPA 
JMP* 
JMP* 
LAC 
TAO 
OAC 
LAC 
OAC 
LAC 
CMA 
1 AO 
TAO 
RC» 
OAC 
TAO 
OAC 
LAC 
OAC 
LAC 
CMA 

CTA 
<-l 
CTA 
PTS 
(-1 
PTS 
PT« 
(-2 
PT A 

' T I 9 
T SEO 

N 12 
(1 
lmrfl 
niA 
P T B 
(-1 
PT8 

• PîB 

APPLY 
INPUT 
LMRFL 

> I U 
Pts 
<-l 
pra 
ifitabz 

U 
PT a 

nu 
CKFLA 

SSFINO 
UNO 
PIS 
1-1 
PT; 
ifitaoz 
PTfl 
IF I TAB 

U 
PT5 

Slot 
1-1 
MS£Q 
II 
fseo 
SEQL 

/CORRECT tNPgT COUNT 

/CORRECT INPUT STORAGE ADDRESS 

/CORRECT NEXT STATE STORAGE AOORESS 

/is there a sequence t 
/TES) APPLV TME SEQUENCE TO Ml 
/NO 
/SET ERROR FLAG 

/MOVE TO NEXT INPUT 
/LÖAÜ AN INPUT 

/APPLY TME INPUT TO Ml 
/APPLY The INPUT TO M2 

/OOES MZ INQICATE AN ERROR 7 
/TES 
/NO 

/MOVE TO NEXT INPUT 

/HAS THE FULL SEQUENCE BEEN APPLIED I 
/YES 
/NO 

/MAS ROUTINE CALLEO BY "CHECK" ROU TINL 1 
/Y£S 
/NO 

/PTT |S POINTING AT LAST InPuT 
/FITA0H » LOCATION OF SEQUENCE 
/PTB IS A POINTER FOR STORING SEQUENCE 

/SEQL * LENGTH OF SEQUENCE 

/UPDATE HSEO AND CONTINUE search 
/SET FLAG TO INDICATE THAT A 
/SEQUENCE HAS BEEN >OUNU 

ma 

Flu 

F112 

FI 13 

FUA 

FI 15 
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ni* 
-'CT J > -SEOL 
/STORE TmE INPUT 
/STORE in Ein« 

/CE T NEXT INPUT 
/UPDATE F|T*B? STORAGE POINTER 
/has all inputs been stored t 
/NO 
/YES 
/CORRECT INPUT STOWAGE POINTfRS 
/and continue looking for a 
/shorter sequence 

ERROR 

e«i 

ERZ 

ERZ 
N 
N 
ltah 
<13 
LTAB 
ENTAB 
IHPl 
LN TAB*1 
(Z 
TMPl 
THP1 
TNP1 
PS 

INTAUU 
PIO 
PIO 
P 
ERROR 
INC 
P 

(Entas 
IMP! 
TMP1 

TWPl 
HlO 
THPt 

<*1 
Thpi 
HP1 
THPS 

Plo 

/RESET ERROR FLAG 

/CORRECT P 
/IS tawle '0 SMALL 1 
/NO 
/YES ï MODIFY MZ ANO TABLE OF ENTRIES 

/CORRECT LÎAB 
/GET INITIAL PS 

/GET INITIAL INPUT 

/CCT SI < ll FROH TABLE 
/INITIALIZE PRESENT STATE 

/INITIALIZE P10 

/ P * 1 

/INCREMENT INCORRECT ENTAT COUNT 

/TMP1 CONTAINS ADDRESS OF LAST ENTRY JN M2 

/GET PIO WHERE LAST ENTRY WAS MADE 

/GET STATE WHERE LAST ENTRY WAS MADE 
/STORE TEMPORARILY 

.-. 
Kr#' 

, Hi 
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£W3 

£R4 

ERS 

F£tL 

FUI 

*N0 
OtC 
T»0 
OAC 
UAC* 
OAC 
uc» 
SEA 
JMP 
ISÏ 
ISÎ 
UAC« 
SEA 
SKP 
JMP 
LAC* 
TAD 
BAC* 
LAC 
CM A 
TAO 
TAO« 
SPA 
JMP 
Oi M* 
ISI 
OIM« 
JMP 
LAC« 
OAC 
IS« 
IS! 
JMP* 

0«M 
0|M 

LAC* 
SNA 
JMP 
LAC 
CMA 
T AO 
PCL 
HCL 
OAC 
LAC 
OAC 
LAC* 
SEA 
JM:P 
LAC 
ANO 
SEA 
JMP 
LAC 
1A0 
OAC 

(Z 
PIMP 
IMPS 
TmP5 
TMPS 
TMPfi 
TMPS 

tM3 
TMPft 
TMPO 
ThPi 

f.HA 
IMPS 
Hi 
T'-PS 
ltau 

a 
TMPS 

CHS 
TMPS 
TMPS 
TMPS 
IK1 
TMPS 
PS 
PIO 
P 
lhpor 

fulf 
Imp 
PS 

FUJ 
« 

a 

THE 
(table 
run 
(BB 

FU« 
|NP 
a 

/GET PROPER INPUT 

/GET LAST ENTRT 

/IS NEXT STATE AN LMPTY ROM ? 
/NO 
/MAYBE 

/IS NEXT STATE AN EMPTY ROW I 
/NO 
- /ES 

/CHANCE SI TO SI »2 

/IS SI*Z OUTSIDE THE TABLE I 
/NO 
/YES{ CLEAR M2 ENTRY 

/CLEAR SECOND UORQ OF ENTRY 

/UPDATE PS 
/UPDATE PIO 
/UPDATE P 

/DOES PS HAVE A BLANK ENTRY J 
/YES 
/NO 

/TBC * -ROM COUNT 

/TOB * TABLE BEGINNING 

/IS ENTRY BLANK I 
/NO 
/YES 

/is blank entry in "a" input column i 
/no 
/YES 
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[ 
I 

ruî 

ru J 
ru< 

CHECK 

CHl 

CM2 

LAC“ 
Si* 
JM P 
L*C 
TAO 
OAC 
1SI 
ISI 
JMP 
LAC 
OAC 
JMP* 
LAC 
TAO 
OAC 
1S 2 
JMP 

JM S 
LAC 
OAC 
Q2M 
JMS* 
JMP 
TABLE 
SYNPL 
STNT2 
N 
STWOfiC 
SYBITC 
LAC 
SMA 
JMP 
LAC 
OAC 
LAC 
CM* 
TAO 
OAC 
LAC 
OAC 
ISI 
JMS 
LAC 
S2A 
JMP 
LAC 
OAC 
JMS 
LAC 
SZA 
JMP 
L*C 
ANO 
JMS 
JMS 
LAC 

TMP1 

MJJ 
T aa 
< 4 
TOÖ 
THE 
THE 

■TOI 
tl 
FULf 
POLL 
TUS 
12 
th a 
INP 
ruz 

OISPLA 
‘i 
CKFLA 
ruir 
rsYS 
.♦? 

SYNfL 

CMA 
<1 
SYJNP 
H 

<1 
cri 
hable 
PT» 
SYIMP 
SYSAPP 
EHRPL 

cha 
PT» 
rps 
SSFIMO 
ehhfl 

Cha 
SY|NP 
U 
APPLY 
INPUT 
EHRFL 

/are BOTH ENTRIES BLANK I 
/NO 
/YESi CHECK NEXT ROW 

/HAVE ALL ROWS BEEN CHECHEO ! 
/NO 
/YESI SET FULL FLA(l 

/MOVE TO NEXT ENTRY 
/change INPUT columns 

/INDICATE CHECK ROUTINE IS IN OPERATION 
/reset pull flag 
/F IN0 SYNCHRONIZING SEOUENCE 

/IS THERE A SYNCHRONIZING SEQUENCE I 
/NO 
/YES 
/SYINP « THE PRESENT INPUT TO SEQUENCE 

/CU IS A state count 

/PT9 IS AN AOORESS IN THE ST*TE TABLE 

/apply synchronizing sequence 

/IS M2 in error i 
/yes 
/NO 
/FPS » STATE TO BE CHECKED 
/FIND A SEQUENCE TO STATE TO BE CHECKED 

/IS THERE AN ERROR IN M2 I 
/YES 
/NO 
/CET PROPER input 
/apply ChEC. INPUT TO Ml 
/APPLY CHECK INPUT TO MJ 

■
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CHS 

CM 

SYSAPP 

SY1 

SY2 

SI A 
JMP 
LAC 
and 
5ï A 
SkP 
JMP 
LAC 
TAO 
OAC 
LAC 
«CL 
«CL 
fAD 
CMA 
IAD 
TAO 
SPA 
S«P 
JMP* 
LAC* 
Si! A 
JMP 
JMP 
D*!M 
JMP* 

LAC 
C'A 
TAO 
OAC 
LAC 
CM* 
TAO 
DAC 
LAC 
TAO 
TAO 
OAC 
LAC* 
OAC 
LAC 
«CL 
OAC 
S*L 
JMP 
CL* 
SKP 
LAC 
JM S 
JMS 
LAC 
SÜA 
JMP» 
|$f 
JMP 
ISI 

/IS THEBE an E««0R I 
Ch4 /tes 
SY[Np /NO 
(1 /CET LAST INPUT 

/HAVE BOTH inputs BEEN CHECKED » 
/YES 

C«2 /NO 
PTS 
{ 4 
PT» /MOVE TO NEXT STATE 
N 

IT ABLE 

a 
PT» 

/HAVE ALL STATES BEEN CHECKED ï 
/NO 

CHECK /YES 
PT 9 

/|S NEXT ROM BLANK Î 
CM2 /NO 
CMJ /YES I CO TO NEXT ROM 
CKFLA /AN ERROR MAS FOUND 
CHECK 

SYWOHC /SYMQWC * * OF MOBUS CONTAINING INPUTS 
/EACH MORO CONTAINS 18 INPUTS 

CT2 /CT2 CONTAINS NUM8E« OF JOROS COnTAT IInC INPUTS 
SYBITC /SYBITC * * OF INPUTS IN LAST MORO OF INPUTS 

CT1 /CT1 CONTAINS NUMBE« OF INPUTS IN A WORD 
(SYNÎ2 /SÏNI2 * LOCATION OF STORED SYNCHRON IIINC SEQUENCE 
SYWOHC 

silo /Sy«0 IS THE ADDRESS OF A mORO OF INPUTS 
SYMO /GET FIRST MORO OF INPUTS 
IMPS 
TMPC /TMPC CONTAINS A MORO OF INPUTS 

/SHIFT NEXT INPUT INTO LINK 
TMPC 

/IS INPUT A "0” 1 
SU /NO 

/YES 

apply /APPLY INPUT TO Ml 
INPUT /APPLY input TO m2 
emrfl 

/IS THEBE AN ERROR f 
SYSaPP /YES 
cyl /no 
SY 1 
CT2 /HAS COMPLETE SEOUENCE BEEN APPLIED Í 
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OlSPlA 

ou 

SK P 
JMP» 
LAC 
DaC 

OAC 
LAC* 
o*c 
JM P 

LAC 
OAC 
LAC 
OAC 
CMA 
TAQ 
OAC 
L*C 
OAC 
jMS 
LAC 
JMS 
LAC 
JMS 
LAC 
OAC 
JMS 
lac 
JMS 
LAC 
JMS 
LAC 
OAC 
JMS 
LAC 
JMS 
JMS 
LAC 
OAC 
JMS 
LAC 
JMS 
LAC 
OAC 
JMS 
LAC 
JMS 
JMS 
LAC 
SNA 
JMP 
LAC* 
Si A 
JMP 
LAC 
TA0 

/NO 
SYSAPP /YES 
(-22 
CU /CORPEvT cf» AND CONTINUE APPlUNG SEQUENCE 
SYwO 
I -I 
SY«0 /MOVE 10 NEXT HOPO OE INPUTS 

■SYWO /cet next wqso or inputs 
TMP6 
SY1 

u 
CTp /CTP CONTAINS the state NUmBeH 
< TABLE 
TMP2 /TMP2 POINTS TO ROW TO BE PRINTED 

<1 
TMPJ /imps » -(ADDRESS or the TABLE) 
(-4 /PCT CONTAINS THE NUMMER Of TIMES A 
PCT /CHARACTER IS TO BE REPEATED 
CML 

U20 
PRINT /PRINT A *P" 
<323 
PRINT /PRINT An «S« 

HLNKS 
<316 
print /print an "n* 
< 323 
print /print an -s* 
<"ia 
PCT 
RLNKS 
< 332 
PRINT /PRINT A "i" 
CHL 
<”ll 
PCT 
menus 
<2611 
PRINT /PRINT A "B- 
l-U 
PCI 
mlnkS 
<261 
PRINT /PRINT A "1" 
cm. 
CUELA 

/IS final table BEING PRINTED T 
012 /NO 
TMP2 /YES 

/IS "a1* Entry Blank t 
012 /NO 
TMP2 /yes 
12 
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D*C 
LAC» 
Si A 
jmp 
ISi 
LAC 
TAD 
OAC 
LAC 
HCL 
HCL 
TAD 
CMA 
TAD 
TAO 
SPA 
JMP 
JMP 
LAC 
JMS 
LAC 
HCH 
HCH 
HCH 

TMPl 
TMPl 

/IS "1" ENTRY BLANK ? 
OI 2 /NO 
CTP /YES INCREMENT STATE NUMBER 
TMP2 
I * 
TMP2 /MOVE TO NEXT ROH 
N 

«TABLE 

a 
TMf>2 

/HAS COMPLETE TABLE BEEN PRINTED ? 
Oil /NO 
019 /YES 
1323 
PRINT /PRINT AN "S" 
CTP 

OIS 

014 

015 

SiA 
JMP 
JMS 
JMP 
TAO 
JMS 
LAC 
AND 
TAO 
JMS 
IS2 
LAC 
OAC 
LAC 
OAC 
JMS 
L*C» 
S2A 
SKP 
JMP 
LAC 
JMS 
LAC» 
TAO 
RCR 
RCR 
TAD 
OAC 
RCR 
RCR 
RCR 
S2 A 
SKP 

013 
HLNKS 
014 
(260 
PRINT 
CTp 
( 7 
(260 
PRINT 
CTP 
( “2 
CTT 
(-3 
PCI 
BLNKS 
TMP2 

0110 
(323 
print 
TMP2 
TMPS 

a 
TMP4 

/IS STATE NUMBER < 10 » 
/NO 
/YES PRINT A SPACE 

/PRINT MOST SIGNIFICANT DIGIT OF STATE NUMBER 

/PRINT LEAST SIGNIFICANT DIGIT OF STATE NUMBER 
/INCREMENT STATE NUMBER 

/CTT INDICATES THAT 2 COLUMNS ARE TO BE PRINTED 

/IS entry blank î 
/no 
/YES 

ZpRlNI AN "5* 
/GET ENTRY TO BE PRINTED 

/is state number < le t 
/no 
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01« 

01? 

DI8 

JMP 
T »0 
IMS 
-*c 
»NO 

T *0 
JMS 
tsz 
L*C« 
SZA 
SKP 
JmP 
L *C 
JMS 
LAC* 
RC» 
RC« 
HC« 
SZA 
SKP 
JMP 
T AO 
JMS 
LAC# 
ano 
TAO 
JMS 
! SZ 
LAC 
JMS 
ISZ 
JMP 
LAC 
OAC 
JMS 
LAC 
AMO 
TAO 
JMS 
JMS 
LAC 
CMA 
TAO 
T AO 
SMA 
JMP 
LAC 

Ul U 
<26» 
PH [NT 
TMP« 

i r 
<2M 
print 
TMPZ 
TMpz 

01 12 
(ZS3 
pmint 
TMP2 

/YES 

/PRINT MOST SIGNIFICANT DIGIT OF STATE NUMBER 

/PRINT LEAST SIGNIFICANT DIGIT OF STATE NUMBE« 

/GET P VALUE 
/JS P * K Î 
/NO 
/YES 

/PRINT "(* 

/IS P < 10 ï 
/NO 
/YES 

/PRINT MOST SIGNIFICANT DIGIT OF P 

/PRINT LEAST SIGNIFICANT DIGIT OF P 

/PRINT A ">" 
/HAVE BOTH COLUMNS KEEN “RINTEO Í 

/NO 
/TES 

/CET STATE'S OUTPUT 

/PRINT STATE OUTPUT 

/HAS COMPLETE TABLE BEEN PRINTED 1 
/.NO 
/YES 
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JMP 

DIU t*c 
o*c 
JMS 
ISi 
JMP 

0113 JMS 
JMP 

PR |NT 
0*C 
L*C 
Si A 
JMP 
LAC 
0*C 

PR2 10F 
CL A 
[SA 

PR1 LAC 
tls 
TSF 
JMP 
[Si 
JMP 
TCF 
LAC 
ISA 
ION 
JMP* 

«CAO 
[OF 
CL A 
ISA 
ASF 
JMP 
APB 
QAC 
LAC 
ISA 
ION 
LAC 
JMP* 

DATA 
LAC 
0*C 
JMS 
JMS 
JMS 
LAC 
OAC 
JMS 
LAC 
JMS 
JMS 
JM$ 
JMS 
L*C 

01« 
<-« 
PC T 
HLNKS 
IMPÍ /MOVE TO NEXT WORD IN TABLE 

018 
@LNKS 
017 

TMPl 
PCT 

/IS ONE CHARACTER TO BE PRINTED 7 

PR2 7N0 
(-1 /YES 
PCT 

TMpjt 
/PRINT 

PCT /HAVE ALL CHARACTERS BEEN PRINTED 7 
PHI /NO 

/YES 

(41)0 0313 

PRINT 

/READ 
TMPl 

(4 0300 0 

TMPl 
READ 

(-3 
PCT 
GRL 
MSC1 
MS« 
(-3 
PCT 
SINKS 
ICT 
OCTAL /PRINT JCT IN OCTAL NOTATION 

CRL 
HSG1 
MSGS 
(-3 
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I 
I 
I 
I 
I 
I 
1 
I 
I 
1 
1 
1 
1 
I 
I 
I 
I 

0*1 

MSG1 

MSca 

OAC 
JMS 
L*C 
JMS 
JMS 
JMS 
JMS 
LAC 
JMS 
JMS 
JMS 
LAC 
JMS 
LAC 
OAC 
LAC 
CL L 
IOIV 
0 
OAC 
LACO 
JMS 
JMS 
LAC 
JMS 
JMS 
LAC 
JMS 
LAC 
JMS 
LAC 
JMS 
JMS 
JMP# 

LAC 
JMS 
LAC 
JMS 
LAC 
JMS 
LAC 
JMS 
LAC 
JMS 
JMP» 

LAC 
JMS 
LAC 
JMS 
LAC 
JMS 
LAC 
JMS 
LAC 
JMS 

\ 

per 
9LNKS 
INC 
OCTAL 
C«L 
MSCl 
MSGÜ 
«as? 
PH1NT 
MSCl 
MSGS 
tm 
PM[NT 
INC 
0*1 
ICT 

HLM*In 

octal 
HLNA S 
<253 
PHjNT 
bLNAS 
Hl MA IN 
OCTAL 
<257 
PH I NT 
INC 
OCTAL 
CHl 
UA TA 

<2 «3 
phinT 
<243 
PHINT 
<317 
PH I NT 
<J HA 
PHINT 
<243 
PH I NT 
MSCl 

<311 
PHINT 
131A 
PHJNT 
< 323 
PH) NT 
1329 
PHINT 
1324 
print 

/PRINT INC IN OCTAL NOTATION 

/PRINT A »/• 

/PRINT "i" 

/calculate ICT/INC 

/PRINT QUOTIENT in OCTAL NOTATION 

/PRINT "*« 

/PRINT semainoeh in octal notation 

/PH|NT A "7* 

/PRINT INC IN OCTAL NOTATION 

/PRINT "4 or - 

/PRINT * INPUTS" 

82 
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I 
1 

I 

I 

I 

I 

I 

I 

I 

I 

1 

I 

MSC3 

0UNKS 

octal 

OCl 

END 

LAC 
JMS 
JMp * 

LAC 
JMS 
L*C 
JMS 
LAC 
JMS 
LAC 
JMS 
LAC 
JMS 
LAC 
JMS 
LAC 
JMS 
LAC 
JMS 
LAC 
JMS 
LAC 
JMS 
LAC 
JMS 
LAC 
JMS 
LAC 
JMS 
LAC 
JMS 
LAC 
JMS 
LAC 
JMS 
LAC 
JMS 
JMP* 

LAC 
JMS 
JMP. 

LMO 
LAC 
OAC 
CLA 
LLS 3 
TAO 

JMP 
JMP* 

JMS 

(«3 
PhINT 
MSC2 

/print «incorrect entries- 
un 
PRINT 
un 
Print 
T 33J 
PRINT 
( 317 
PRINT 
U2¡? 
PRINT 
<322 
PRINT 
130 S 
PRINT 
<303 
PRINT 
<324 
PRINT 
<240 
print 
<305 
print 
< 316 
PRINT 
<324 
Print 
<322 
print 
<311 
print 
<309 
PR I NT 
<323 
PRINT 
M$C3 

/PRINT SPACES 
<240 
PRINT 
BLNKB 

/PRINT NUMBER IN OCTAL NOTATION 

<*4 
CNT 

(A0 
PRINT 
CNT 
OCl 
OCTAL 

CRL 
/PRINT *ENQ" 
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JMS 
LAC 
JMS 
LAC 
JMS 
JMS 
JMP * 

CRL 
L*C 
JMS 
L»C 
JMS 
JMP» 

INCL1 
CKfLA 
EBHfL 
FUlF 
REP 
SEO 
EO 
IFlAC 
orFla 
POUT 
Pj NP 
PlQF 
ns a 
NS 1 
er 
ICT 
BtCT 
WICT 
TBE 
TBB 
INC 
CTP 
CTT 
ATABLE 
CU 
CTÏ 
CT3 
CFA 
PTA 
PT5 
PT 4 
PT 7 
PT 8 
PT» 
SEUL 
MEO 
FSEQ 
FINP 
CNT 
PPS 
FPS 
INP 
MUNI 
USFPS 

PRINT 
IJ16 
print 
UBA 

•PRINT 
CRL 
LNO 

112 
PRINT 
ns 
print 
crl 

/EXECUTE A CARRIAGE RETURN ANO LINE FEED 
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IOC 
per 
oisri. 
IQAQQ 
PS 
PIO 
I POPO 
XX 
y 
xi 
u 
Sl 
so 
ESO 
ESI 
S0LOC 
SILOC 
LREPO 
LREPl 
SLOC 
L 
P 
N 
LIA8 
ue 
THP| 
TMP2 
THPJ 
TMP« 
TMP5 
TMP6 
«CHAIN 
ST|NP 
SVNFL 
sywowc 
SY8ITC 
STWO 
STNT2 .BLOCK Z10 
PP5L0C .BLOCK 2« 
FI CAB .BLOCK «a 
fiiabz .block «o 
ENTAB .BLOCK SO 
TABLE .Block xz* 
10AO .BLOCK 10Í8 

■ End STABf 



FSYS 

TABU 
SY NFL 
SYNTÏ 
N 
sywoh: 
5Y01TC 

FS 1 

FS2 

FS3 

.CLOBL .OA,FSYS 

4«S* 
JMP 
0 
0 
0 
0 
0 
0 
L*C 
0*C 
TAD 
0*C 
OAC 
LAC 
OAC 
LAC» 
RCl 
RCL 
TAO 
OAC 
LAC 
CNA 
T *0 
OAC 
OÏH» 
OiN 
LAC 
OAC 
OIM» 
OiH» 
LAC 
OAC 
LAC» 
Si A 
SKf* 
JH P 
IS1 
LAC 

.OA 

.»7 

(SYNTÏ 
PfZ 
(1 
PU 
P T 3 
TABLE 
SYPS 
N 

table 
TABENO 
table 

11 
TABBEC 
SYNFL 
SC T 
U 
CÎ5 
PU 
PT2 
(MASN 
NA SK 
SYPS 

f S3 
SC T 
( '23 

/SYNTÏ IS A TABLE «HERE SYNCHRONIZING 
/SfOUtNcE IS DERIVED 

/SYPS iS PS IN QUESTION 

/TABLE'S ENO 

/TABBEC » -( ADDRESS OF TABLE'S BEGINNING) 

/SCT » NUMBER OF states IN TABLE 

/CIS IS STATE COUNI 

/IS ENTRY BLANK I 
/NO 
/YES 
/1NCRE HE NT SCT 

TAO 
SPA 
J*»P 
LAG 
TAO 
OAC 
L*C 
TAO 
OAC 
LAC* 
TAD* 
OAC* 
LAC 
TAO 
OAC 
1SI 
LAC 

CT*» 

FS2 
PU 
l-i 
PU 
mask 
CT5 
IMP* 
TMPA 
PU 
PT1 
SYPS 
( A 
SYPS 
CIS 
TABENO 

/HAVE 18 STATES BEEN CHECKED ï 

/YES) HOVE TO NEXT WORD 

/GET PROPER HASK 

/STORE IMPLICATED STATE 

/GO TO NEXT STATE 
/UPDATE STATE COUNT 
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FS4 

FS S 

FS& 

CH* 
T*0 
r*o 
SP* 
JMP 
L*C 
D*C 
T *D 
0*C 
CU 
MUL 
I* 
UCQ 
CIL 
HUU 
e 
i*co 
HCR 
0*C 
Q2H 
02h 
LAC 
r*o 
OAC 
u*c 
r*o 
D*C 
DiH 
L*C 
0»C 

(1 
SFPS 

FSJ 
set 

-FS5 
l-t 
FS* 

/has end of table been reached ? 
/NO 
/YES 

MLEV 
SYINPI 
SYINP2 
HÎZ 
(ï 
PTí 
PIJ 
tZ 
PU 
LEV 
U 
CT5 

/HUEV » (N-lJ(N«llN/2 
/$Y|NP1 IS AN INPUT 
/SYINPZ IS ALSO AN INPUT 

/LEV * « OF INPUTS IN SEQUENCE 

/STATE COUNT » 1 

FS7 

FSe 

LAC 
TAD 
OAC 
LAC 
OAC» 
OZH* 
DZH 
LAC 
TAD 
SPA 
JHP 
LAC 
Si A 
JMP 
IS2 
LAC 
TAO 
□AC 
LAC 
TAO 
OAC 
LAC* 
ANO* 
SZA 
SAP 
JMP 
LAC 

PT2 
(-1 
SYPS 
SYINPl 
pie 
PI 3 
c r 5f 
«-Z3 
CTÿ 

TS8 
CTSf 

isa 
c'sf 
SYPS 
t'l 
SYPS 
MASK 
CT5 
MASKCT 
SYPS 
MASRCT 

TSU 
CT? 

/SYPS NOW HE PRESENTS A NODE IN 
/THE synchronizing tree 

/Stohe the next in-’ut 
/CLEAR REST OF NODE STORAGE ARE* 
/CTSr INDICATES IF STATE NUMBER > 18 

/IS STATE NUMBER > 1« T 
/NO 
/YES 
/is state number * la i 
/no 
/Y£S 

/move to other word of node storage area 

/MASKCÏ POINTS to PROPER MASK 
/USED TO SELECT A STATE 
/GET ONE WORD OF NOUE 
/IS STATE INUICAIEO BY CT5 A MEMBER OF 
/TH£ NODE HE INC WORKED WITH Í 
/Y£S 
/NO 



FS9 

FSlM 

FSU 

FS12 

T»D 
HCL 
HCL 
1*0 
T *0 
0*C 
L*C* 
T*0 
HCR 
RCR 
t*0 
OAC 
L*C 
T*D 
SR* 
SkP 
JH P 
L*C 
0*C 
JH P 
LAC 
OAC 
LAC 
T AO 
0*C 
LAC» 
ANO» 
Si A 
JHP 
LAC» 
TAO* 
OAC* 
ISi 
LAC 
TAO 
SR A 
JM P 
Oi H 
LAC* 
ANO 
OAC 
LAC 
OAC 
OAC 
LAC 
HCR 
OAC 
SIL 
(Si 
ISI 
JHP 
[Si 
JHP 
[SI 
LAC 
TAO 
SIA 

SY1NP2 
table 
IMPS 
TMP6 

■T ABB EC 

(1 
TMP? 
<-13 
THP7 

FS9 
RT3 
PT* 
F S10 
R 12 
R T1 
MASK 
r MR? 
M*SKCt 
Rit 
maskCÎ 

FSU 
MASKCÎ 
PT 1 
RT* 
CIS 
«-ÎS 
CTS 

FS 7 
NSCT 
RIZ 
<3 
THpS 
<-z 
ct; 
CT6 
TMP8 

TMPB 

HSCT 
CT? 
FSlZ 
CTS 
FSl? 
LEV 
NSCT 
<-* 

/GET IMPLICATED STATE 

/store implicated state 

/IS IMPLICATED STATE » > 18 ? 
/NO 
/TES 

/PT* CONTAINS ADDRESS OF SECOND MORO OF TiQOE 

/pTt CONTAINS ADDRESS OF FIRST MORO OF NODE 

/CORRECT MaSnCT 
/GET NODE 

/HAS IMPLICATED STAU ALREADY BEEN SELECTED ? 

/YES 
/NO 

/STORE IMPLICATED SIATE IN NODE 
/UPOaTE STATE COUNT 

/HAVE ALL IMPLICATED STATES BEEN FOUND ? 
/NO 
/TEST NSCT » * OF IMPLICATED STATES AT a NOOf. 
/get first moho of node 
/1 T CONTAINS ONLY Z BITS OF INFORMATION 

/NODE IS STORED IN 2 MOROS 
/GET NODE 
/SH|FT INFORMATION INTO LINK BIT 

/IS THE STATE IMPLICATED 1 
/VES 
/NO) have ALL STATES BEEN CHECKED Î 
/NO 
/TESl HAVE BOTH WORDS OF NODE BEEN CHECKED ? 
/NO 
/VE$ 

/DUES THE NODE CONTAIN ONLY ONE STATE 1 
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rs is 

rsi4 

rs is 

rsi6 

rsi7 

rsia 

rsis 

rs20 

SKP 
JMP 
L*C 
OAC 
LAC» 
ANO 
OAC 
LAC» 
ANO 
SAO 
JMP 
ISÍ 
ISi 
LAC 
SAO 
JMP 
JMP 
IS¿ 
LAC* 
SAO» 
JMP 
JMP 

LAC 
CMA 

TAD 
TAO 
SPA 
JMP 
JMP 
LAC 
OAC 
LAC» 
OAC 
JMP 
LAC» 
ANO 
S2A 
SKP 
JMP 
LAC 
TAO 
OAC 
L*C 
TAO 
OAC 
LAC 
TAO 
OAC 
LAC 
CMA 
TAO 
TAO 
S3 A 
JMP 
JMP» 
LAC 
Sí A 

rs23 
(SYNT1 
TMP9 
TMP9 
(3 
TMpie 
PT2 
13 
TMPiia 
rsis 
TMP9 
T Mp9 
fMP9 
PT 2 
r S16 
rsu 
IMP9 
TMP9 
PT 3 
rsia 
r si» 
NLEV 

(1 
LEV 

rs2í 
t S IB 
(-22 
CT 7 
PT3 
TMP8 
rsi2 
PT 2 
(400000 

fS21 
PT2 

(-2 
P|2 

LEV 
(-1 
LEv 
PT3 
(-2 
PT3 
(SYNT1 

<1 
PT 2 

rsia 
ksys 
SYINP1 

/NO 
/YES 
/tmP9 is a pointer oseo to step through the nooes 
/already obtained rOR COMPARISON purposes 

/HAS PRESENT NODE ALREADY BEEN IMPLICATED Î 

/MAYBE 
/NO 

/HAVE ALL NOOES BEEN COMPARED » 
/YES 
/NO 

/HAS PRESENT NODE ALREADY BEEN IMPLICATED t 
/YES 
/NO 

/HAS SEQUENCE LENGTH REACHED MAXIMUM 7 

/NO 
/YES 

/RESET CT? ANO CONTINUE IMPLICATED STATE COUNT 

/GET REST OP nOOEINOOE IS STORED IN 2 LOROS) 

/INPUT IS HIGH ORDER BIT OE HORO 

/IS INPUT t 
/NO 
/YES 

/CORRECT POINTER TOR riHST WORD OE NODE STORAGE 

/correct number or INPUTS COUNT 

/correct pointer rOR second «ORO or node storage 

/HAVE ALL SEQUENCES BEEN TRIED ? 
/NO 
/YES 

/IS INPUT "0" 7 
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FS21 

FS 22 

FS23 

FS24 

FS 25 

FS26 

SKP 
JMP 
02H 
02M 
JMP 
LAC 
OAC 
LAC 
OAC 
LAC 
TAQ 
OAC 
JMP 
IS2 
|S2 
1S2 
IS2 
JMP 
LAC 
OAC* 
L*C 
OAC* 
TAD 
OAC 
LAC 
CM A 
TAD 
OAC 
LAC 
OAC 
LAC 
OAC 
LAC 
OAC* 
LAC 
OAC 
02M* 
LAC* 
RCR 
OAC* 
LAC* 
ANO 
TAO* 
OAC* 
IS2 
JM.1 
JMP 
LAC 
TAD 
OAC 
IS2 
JMP 
LAC 
tao* 
oac* 
IS2 
IS2* 

/HO 
FS 22 /TES 
STINP1 
STINP2 
FS22 
(2 
STINP2 
1402000 
ST|NP1 
LEV 
(-1 
LEV /CORRECT NUMBER OF INPUTS COUNT 
FS6 
PT2 /MOVE TO NEXT NODE STORAGE ARE* 
PT 2 
PT3 /MOVE TO NEXT NODE STORAGE ARE* 
Pf 3 
FS6 
(1 
SYNFL /a SEQUENCE mas been FOUND 
LEV 
SrBITC /STORE LENGTH OF SEQUENCE 
(-1 
MUv /(JPOAIE MLEvIMAXlMUM LENGTH OF SEQUENCE) 
LEV 

<1 
CT4 /CT4 CONTAINS NUMBER OF INPUTS IN THE SEUjENCE 
PT2 
CT7 /CT? CONTAINS ADDRESS OF LAST INPUT 
5 T N T 2 /STNT2 IS aOORESS WHERE SEQUENCE IS STORED 
SyIpOR /SY1R0R CONTAINS ADDRESS «HERE INPUTS ARC STORED 
<1 
SYWORC /SYHORC contains NUMBER of words of inputs 
(-22 
C ( 6 
syihor 
SYIWOR 

SYIwOR 
CT 7 
(400000 /GET next input 
SYIMQR 
SYlwOR /STORE INPUT 
CI4 /HAVE ALL INPUTS BEEN STORED ï 
FS26 /NO 
F S19 /YES 
CT 7 
(-2 
CT7 /MOVE TO NEXT INPUT 
CT6 /HAVE 18 INPUTS BEEN STORED IN ONE WORD ? 
FS25 /NO 
(-22 /YES 
SYB1TC /UPDATE SY8ITC 
STBlTC 
STIWOR /HOVE TO NEXT WORD FOR STORAGE OF INPUTS 
SYWORC /UPOaTE WORO count 
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JMP r$2< 
PU 
PT 2 
PTJ 
CT 4 
CT5 
CT6 
CT 7 
SYPS 
TAHEÑO 
TABBEG 
MLEV 
LEV 
SYtHOH 
MUUTC 
MULTH 
MULTHZ 
SYtNPl 
SYINPZ 
ÎMP6 
TMP7 
TMP8 
TMP9 
TMPlfl 
maskct 
NSCT 
SC T 
CT5F 
MASX 

P00001 
000003 
000004 
000010 
0000Z0 
000040 
000100 
0JBZ80 
000400 
001000 
00Z000 
004000 
010000 
020000 
040000 
100000 
200000 
400000 
000001 
000002 
000004 

synti .block 7000 
.ENO FSYS 

üj;1'."""’í"’11 ;H'i'iaiill!lt[' 



APPENDIX II 

Appendix II contains solutions to two examples as solved by the 

program listed In Appendix I. 

Example 1 uses the following machine as the unknown machine. The 

machine was assumed to be initially in state A. 

92 
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00 
01 
00 
01 
00 
01 
11 
11 
11 
11 
00 
10 

PS NS 
0 1 

SI S 2 S 1( 3) 
S 2 S 1( 1) S 2( 2) 

Z 

0 
1 

PS NS 
0 1 

SI S 2 S 1( 3) 
S 2 S 1( 1) S 2( 2) 
S 3 
S 4 

Z 

0 
1 
0 
1 

01 
00 
10 
10 

PS 

s 1 
S 2 
S 3 
S 4 

NS Z 
0 1 

S 2 S 3( 3) 0 
S 1( 1) S 2( 2) 1 
S 2( 4) S 1( 5) 0 

1 

Example 1: 





95 

Example 1. (Continued) 

01 
00 
01 
00 
10 
01 
10 
01 
00 
01 
11 
00 
01 
11 
00 
10 
01 
00 
10 
01 
00 
01 
10 

PS 

S 1 
S 2 
S 3 
S 4 

NS Z 
0 1 

S 2 S 3( 3) 0 
S 1( 1) S 2( 2) 1 
S 4( 4) S 3( 6) 0 
S 3( 5) S 1( 7) 1 

10 
10 
01 
10 
10 
01 
10 
01 
11 
11 
00 
10 

■NUMiMaaH 
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Example 1. (Continued) 

PS NS 
0 1 

SI S 2 S 3( 3) 
S 2 S 1( 1) S 2( 2) 
S3 S 4( A) S 3( 6) 
S 4 S 3( 5) S 1( 7) 

X 

0 
1 
0 
1 

# OF INPUTS 000175 
it OF INCORRECT ENTRIES 000017 
it OF INPUTS/# OF INCORRECT ENTRIES = 000010 + 000005/000017 

END 

__ 
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Example II uses the following machine as the unknown machine. The 

machine was assumed to be Initially in state A. 
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00 
01 
00 
01 
00 
01 
10 
10 
10 
10 

PS NS 
0 1 

SI S 2 s 1( 3) 
S 2 S 1( 1) S 1( 2) 

Z 

0 
1 

10 
00 

0 
1 
0 
1 

10 
10 
00 
01 
10 
10 
00 
11 

PS NS 
0 1 

SI S 2 S 3( 3) 
S 2 S 1( 1) S 1( 2) 
S3 S 1( 5) S 3( 4) 
S 4 

Example 2 
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Example 2. (Continued) 

PS 

S 1 
S 2 
S 3 
S 4 
S 5 
S 6 

NS Z 
0 1 

S 2 s 2( 7) 0 
S 1( 1) S 3( 2) 1 
S 5( i) S 5( 3) Ü 

1 
S 1( 6) S 3( 4) 0 

1 

00 
11 
11 

PS 
0 

SI S 2 
S 2 S 1( 1) 
S3 S 5( 5) 
S 4 S 1(10) 
S 5 S 1( 6) 
S 6 

NS Z 
1 

S 4( 7) 0 
S 3( 2) 1 
S 5( 3) 0 
S 2(11) 1 
S 3( 4) 0 

1 

00 
11 
11 
00 
01 
00 
11 
11 
00 
11 
01 
10 
00 
01 
00 
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Example 2. (Continued) 

PS NS Z 
0 1 

S 1 S 2 S 6(12) 0 
S 2 S 1( 1) 3 3( 2) 1 
S3 S 5( 4) S 3( 3) 0 
S 4 S 1(15) S 5(10) 1 
S 5 S 7( 6) S 5( 5) 0 
S 6 S 4(14) S 2(13) 1 
S 7 S 4( 7) S 2(11) 0 
S10 1 

01 
00 
01 
00 
11 
00 
11 

PS 
0 

S 1 S 2 
S 2 S 1( 1) 
S3 S 5( 4) 
S 4 S 7(16) 
S 5 S 7( 6) 
S 6 S 1(12) 
S 7 S 4( 7) 
S10 S 4(15) 

NS Z 
1 

S10(13) 0 
S 3( 2) 1 
S 3( 3) 0 
S 5(10) 1 
S 5( 5) 0 
S 4(17) 1 
S 6(11) 0 
S 6(14) 1 
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Example 2. (Continued) 

10 
10 
10 
00 
11 
11 
01 
00 
01 
10 
10 
10 
10 
00 
10 
10 
10 
00 
11 
11 
01 
00 
10 
10 
10 
10 
10 
00 
11 

PS 
o 

SI S 2 
S 2 S 1( 1) 
S3 S 1( 4) 
S 4 S 7(21) 
S 5 S 7( 7) 
S 6 311(13) 
S 7 S 4(10) 
S10 S12(17) 
SU S 6(16) 
S12 S 2(23) 

NS Z 
1 

S 5( 5) 0 
S 3( 2) 1 
S 3( 3) 0 
S 1(11) 1 
S 5( 6) 0 
512(22) 1 
S 6(12) 0 
S 6(15) 1 
S10(14) 0 
S 5(20) 1 
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Example 2. (Continued) 
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11 
01 
10 
00 
10 
10 
10 
10 
00 
01 
10 
00 

I 
I 

PS 
0 

SI s 2 
S 2 S 1( 1) 
S3 S 1( 4) 
S 4 S 7(20) 
S 5 S 7( 7) 
S 6 Sli(13) 
S 7 S 4(10) 
510 S 4(17) 
511 S £(16) 
512 S 2(23) 

NS Z 
1 

S 5( 5) 0 
S 3( 2) 1 
S 3( 3) 0 
S 5(11) 1 
S 5( 6) 0 
$12(21) 1 
S 6(12) 0 
S 6(15) 1 
310(14) 0 
S 5(22) 1 

I 
I 
I 
I 
I 
I 

11 
00 
11 
01 
10 
10 
10 
10 
00 
11 
11 
01 
00 
01 
10 
00 
10 
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Example 2. (Continued) 

00 
11 
11 
10 
10 
00 
11 
11 
01 
00 
10 
10 
00 
11 
00 
11 
11 
11 
10 
00 
11 
11 
01 
00 
10 
00 
11 
00 
11 
11 
11 
10 
00 
11 
11 
01 
10 
10 
00 
10 
00 
11 
11 
10 
10 
00 
11 







Example 2. (Continued) 
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11 
11 
10 
00 
11 
11 
01 
10 
00 
10 
10 
10 
10 
00 
11 
00 
11 
01 
10 
00 
11 
11 
11 
10 
00 
11 
00 
11 
11 
11 
01 
10 
00 
10 
10 
10 
10 
00 
11 
00 
01 
11 
01 
10 
00 
10 
10 
10 
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Example 2. (Continued) 

10 
00 
11 
00 
11 
11 
00 
11 
01 
10 
10 
10 
10 
00 
11 
11 
01 

10 

00 
10 

00 

11 

11 
10 
10 
00 
11 

11 
10 

PS NS 
0 

SI S 2 
S 2 S 1( 1) 
S3 S1(A) 
SA S 7(20) 
S 5 S 7( 7) 
S 6 311(13) 
S 7 S A(10) 
510 S A(17) 
511 S 6(16) 
512 S 2(23) 

1 
S 5( 5) 
S 3( 2) 
S 3( 3) 
S 5(11) 
S 5( 6) 
312(21) 
S 6(12) 
S 6(15) 
S10(1A) 
S 5(22) 



Example 2. (Continued) 

it OF INPUTS 000546 

It OF INCORRECT ENTRIES 112651 

ñ OF INPUTS/# OF INCORRECT ENTRIES - 000000 + 000546/112651 



H.u- 

Hl 

LIST OF REFERENCES 

1. Booth, T. L., Sequential Machines and Automata Theory, New York, 

New York: John Wiley and Sons, Inc., 1967. 

2. Kohavi, Z., Switching and Finite Automata Theory, New York, New 

York: McGraw-Hill, Inc., 1970. 




