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SECTION 1: INTRODUCTION

With recent advances in microminiaturization and fabric-
ation techniques, digital computer design has begun to make
fuller use of single packages containing many logic gates»
This change in design approach has shifted the emphasis
in fault testing techniques. Fault Testing is defined here
as the process of determining whether or not a package of
gates is operating correctly by comparing its output under
certain inputs with that of the fault-free machine.

It IS necessary to distinguish two terms, fault and
error. In this paper the word "fault” will signify a
malfunction of an individual line, while "error™ will be
the discernable result of faults on the output function.

The problem of testing circuits can be limited to
fault detection, that is, to checking whether or not any
faults are present. The methods employed toward this end
may involve such concepts as path sensitizing, which is
a technique by which the output is made dependent on a

~Armstrong, D. B., "On Finding a Nearly Minimal Set of
Fault Detection Tests for Combinational Logic Nets," IEEE

Transactions on Electronic Computers, Vol. EC-15s No. 1,

pp. 66-73 (February 1966).
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particular line by deliberate selection of input parameters.

Another procedure which may be used is to exhaust all possible

input combinations.

It is the purpose of this thesis to present an approach
to fault testing using only the prime implicant information
provided for the system. This technique is an answer to the
question, MHow may fault tests for a given circuit be
selected with the minimum of detailed analysis of the logic
network?'" The number of tests specified by this approach
is, in general, much lower than the number of possible input
combinations, although it may be higher than the minimum
number of tests which could be derived with full, detailed
knowledge of the circuit structure.

In Section 2, the selection of fault tests for single
gates (AND, OR, NA.ND, and NOR) 1is unified into a general
procedure. This technique considers all logical changes
that the output function of the gate can suffer due to any
of the line faults. Using these output changes, all line
faults can be considered as divided into two classes. The
first class includes all faults which cause the output
function to become a constant (either 1 or 0). The second
class contains all fTaults not in the first class, and thus
can be described as the class of all fTaults which cause a
logical change in the output function, but do not make it

a constant.



These two fault classes are useful to classify fault
tests as either existence tests or growth tests, according
to whether they test faults iIn the first or the second of
the above classes. The significance of the names for the
tests and the method for selection of these tests is pre-
sented in the thesis.

Section 3 contains three individual points of dis-
cussion the results of which are germane to the proof
presented in Section b.

The extension of growth and existence tests to two
2 -level irredundant networks, where one level consists of
AM) gates and the other of ORs, is made iIn Section 3*1» A
detailed analysis of these two configurations of gates
yields the information that, in each case, all faults in
the entire system will be checked if the above two types
of tests are applied solely to the second level of gates
(levels are numbered from the output backwards).

A discussion about the significance of choosing the
proper form for the representation of the output function
is contained in Section 3»2. For this technique of fault
testing, the output function must reflect the internal
structure of the network®"s logic.

Section 3.3 contains a discussion on the topic of

selecting a set of tests that will be valid for any



irredundant disjunctive form of a function that has several
irredundant representations. A procedure is presented that
allows such a set of tests to be chosen.

The preceding discussions are tied together in a
theorem presented in Section 4 which states, briefly, that
the growth and existence tests developed for a two-level
irredundant implementation of a network will be sufficient
to test for all faults in the equivalent n-level network.
This theorem is followed by several corollaries extending

it to networks with all NANDS or all NORS.



SECTION 2: FAULT TESTING SIMPLE GATES

The purpose of this Section is to describe the operation
of gates and to generalize the errors due to individual line
faults. This analysis will lead to the definition of growth
and existence testing of gates. We will assume that only
single faults occur, and that they may be represented by
lines "stuck-at-zero" or Mstuck-at-one.M

The output function of an AND gate, shown in Figure
la, can change i1ts value in one of two ways. The fault-
free output of this gate is written as

F =

where Xi represents the input variable on the ith line.
IT any input line is stuck-at-zero, then F = O. If, on
the other hand, any input line is stuck-at-one, then F

becomes independent of the correpsonding input variable.

In the Karnaugh Map representation of this gate, as
shown in Figure 1b, the above mentioned errors become more
apparent. IT F =0, the original minterm of F is replaced
by 0. IT F becomes independent of any variable, the function

changes to include minterms that indicate this condition.
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la. Four-Input AND Gate

X|X2
0 0 0 O
X3x4 0 0 0 0
0 0 1 0
0O 0 0 O

Ib. F For Fault-free Gate

O 0 O O
O 0 0 O
O 0 0 O
O 0 0 O
lc. F =20
0 0 0 0
o o 1 0
o 0 1 o0
0 0o 0 O

Id. F Independent of

Figure 1

A Four-Input AND Gate and
Associated Karnaugh Maps



Using the above approach, the OR gate may be shown to
have similar properties when its maxterms are considered,,
For the OR gate shown in Figure 2a, the output function is
written as

F = X1+X2+X3+XIF.
IT any input line iIs stuck-at-one, then F = 1. If,
however, any input line is stuck-at-zero, then F becomes
independent of the corresponding input variable.

The Karnaugh Map for this gate, as in Figure 2b,
displays the above mentioned errors graphically0 I1f F = 1,
the maxterm of the original function is replaced by 1. k]
the function becomes independent of any variable, the
function changes to include maxterms that indicate this
condition.

NOR and NAND gates, because of their similarity to AND
and OR, respectively, will not be discussed in detail.
However, it iIs evident that the same type of investigation
on the effects of stuck-at-one and stuck-at-zero line faults
will yield similar results to those mentioned for the AND
and OR gates.

Before presenting a procedure for fault testing these
gates (OR,AND,NOR, and NAND) several terms will be defined.

Definition 1: The growth of a product function con-

sists of those minterms which are ORed to the prime impli-
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cant of the AND gate when the function becomes independent
of any of its input variables. Similarly, the growth of a
sum function consists of those maxterms which are ANDed to
the prime implicant of the OR gate when the function becomes
independent of any of its input variables.

Definition 2: A growth test is a test to check if a
given prime implicant (implicate) has changed to become
independent of any one variable.

Definition 3: An existence test iIs a test to establish
whether or not a gate has suffered a fault which changes the
output function to 0(l).

Using the above terms the selection of fault detection
tests may proceed as follows:

(1) At least one existence test must be used for
the gate in question. This is done by selecting any single
minterm (maxterm) Tfrom the prime implicant (implicate)
expression for the gate.

(2) At least one growth test must be made for each
of the line variables of the function. This is done by
selecting one of the minterms(maxterms) which belong to
the growth due to that variable.

The set of tests thus selected covers all possible
stuck-at-zero or stuck-at-one faults that may occur. It

is Important to note that faults on the output line of a



2a. Four-Input OR Gate

X, X2
Xx3Xx4 0 1
1 1
1 1
1 1 1 1
2b. F For Fault-free Gate

2c F=1
0 1 1 1
1 1 1 1
1 1 1 1
0 1 1 1

2d. F Independent of

Figure 2

An OR Gate and Associated Karnaugh Maps
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gate are not individually analyzed. A stuck-at-one fault
on an output line causes F = 1, which for an AND gate Iis
caught by any of the growth tests which check whether any
minterms were added to the original function. For an OR
gate, F = 1 implies that all maxterms have been replaced
by cones, and this condition will be checked by the existence
test. In a similar manner, the output line stuck-at-zero
which forces F = 0 is checked by the existence test for the
AND and any growth test for the OR gate.

It is obvious that the indicated tests would detect
the opposite output faults iIn the case of NANDs and NORs.
IT we consider the NOR gate in Figure 3, then the following
fault detection tests can be selected:

(0,0,0) as the existence test

0,0,1),¢0,1,0), and (1,0,0) as the growth
tests, or more compactly, in decimal notation,

0 as the existence test

1,2 .,~ as the growth tests.

It is important to note that information about the
prime implicant of a gate is all that is necessary to
develop a minimal set of fault tests. This minimal set
results i1f only one existence test and only one test for

each of the possible growths is selected.



AB

So T~ ; 4
1i i i 1
3b. Fault-free Map

0 1 0
1 1 1 1

3c. F Independent of A

0 0
1 1

3d. F Independent of B

0 1
0 1 1 1

3e. F Independent of C

Figure 3
A NOR Gate and Associated Karnaugh Maps

11



SECTION 3: TWO-LEVEL IRREDUNDANT IMPLEMENTATIONS

3.1. Fault Tests for Irredundant Two-Level Realizations

In this section the topic of growth and existence
testing will be extended to irredundant 2-level implementa-
tions. The possibility of iInterchanging the testing of
minterms and maxterms of a given function will be discussed.
Finally, the selection of a set of tests which is valid for
any implementation of a function with several distinct
irredundant disjunctive forms 1Is presented.

In a 2-level AND-OR irredundant realization, as shown
in Figure 4, the output may be written as

F =" ...... Xn + +
Each product term of F is responsible for at least one
unique minterm, since the function is irredundant.

We can determine the contribution of any one AND gate
to the final output, since It must be responsible for one
of the prime implicants of F. IT we i1solate this gate we
can predict, using the methods of Section 2, the errors it
contributes. In this manner each AND gate may be analyzed.

Faults on lines of the OR gate can be shown to contribute
no new information to our analysis. An OR input stuck-at-

zero would normally be tested by checking if the output



Figure 4

Two-Level

AND-OR Network

13



has become independent of that variable. IT we select an
existence test for the AND gate corresponding to that line,
we will then check for the stuck-at-zero fault at the AND
output, which, of course, is indistinguishable from the OR
input stuck-at-one. Similarly, an OR iInput stuck-at-one
forces the output of the OR to one, which will be covered
by the growth test of any of the individual AND inputs to
the OR. Analysis of the OR output line stuck-at-one yields
the same information as an input line with the same fault.
IT the output line is stuck-at-zero, then F = 0, which
implies that all prime implicates are zero. This situation
is checked by the existence tests for any of the AND gates.
Selection of fault tests for this two 2-level imple-
mentation may be made using the growth and existence tests
of the individual AND gates. However, there is no need to
allot one growth test per gate per fTault since we do not
care which gate has a fault, but, rather, whether or not
a fault exists. Therefore, growth tests should be placed
in areas of maximum overlap of the growths of the different
gates so that several growths may be checked with one test.
However, no minterm cell can be considered as a suitable
growth test if it is included in the prime implicant of the

network, since that cell will always be 1.



AB

CD o o 120 o
0 20 131 90
30 71 s1 10
0 0 40 O

Figure 5
A. Two-Level AND-OR Network and

Associated Karnaugh Map
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The selection of mutual growth tests is shown 1in
Figure 5 for the network which realizes

F = ABD + BCD
ABD, which is realized as (13,15) can grow iInto (5),P
(9,H), and (12,14). BCD,(7,15), can grow into (6),”
(3,11),(6,14). In this example, the set of growth tests
(5),(11), and (14) will check all possible growths.

Two-level 1irredundant OR-AND implementations can be
tested using the concepts of fault testing for the
individual OR gates, with similar results. Two-level
implementations using NANDs or NORs can be tested by re-
placing them with equivalent AND-OR or OR-AND realizations,
respectively.

It is important to note that the above procedure
develops a minimal set of fault tests for any of the two-
level implementations considered. This result emphasizes
the important feature of this approach, that is, the

minimal amount of detailed analysis necessary,

2

(7) 1is not included as a growth of ABD since it is a
minterm of BCD, and therefore already equal to 1.
q
(13) is not included as a growth of BCD since it is
a minterm of ABD.
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3.2. Significance of the Form of the Output Function
The use of information concerning the implementation
of a given function becomes more explicit If the testing
of minterms and maxterms is interchanged. We may express
any function in either a sum of products or a product of
sums form, denoted S of P or P of S respectively. We
will define Fg as the S of P form and Fp as the P of S
form. The minterms of Fg can only grow into those posi-
tions occupied by the maxterms of F , and vice versa. The
growth of a product of Fg results in a prime implicant of
Fp being reduced to 1, and likewise, the growth of a factor
fp forces a Ffactor of Fg to be reduced to 0. The testing
of minterms, however, does not yield the same results as
testing for maxterms of the same function, because the
minterms of Fg do not necessarily grow to replace all the
maxterms of FP-
This conclusion is emphasized in the following example.
Consider the function
Fb = ABCD + ABCD
and its alternate form
Fp = (A+D)(C+D)(A.+B)(B+C)
as shown in Figure 6. If we allow the minterms of FS to

grow into all possible positions, as shown by the shaded

area iIn the Karnaugh Map, then the following maxterms are



AB
CD
1 0 20 0
0 50 0 90
30 !

0 ~.9
o PQ o ILCT

6a. Normal Function

6b.

Figure 6
Karnaugh Maps for F

Growth of Minterms

ABCD + ABCD

18
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left untouched: (3,576,8,9310,12). If the maxterms are
the basis for fault testing, then any of the above maxterms
can be selected as an existence test. Many of the maxterms
that are included in the growth of the minterms may then
be omitted as tests(

The preceding discussion implies that the form of the
output function must be known for this procedure of fault
testing to work. It is a salient point that the structure
of the network is reflected iIn the form of the output
function; that is, for example, if the network is of AND-OR
form, then the output function is a sum of products,
3°3° Functions With Several Distinct Irredundant Dis-

junctive Forms

IT a given function has several distinct irredundant
disjunctive forms, a set of growth and existence tests can
be selected which is applicable for any of these forms.

The procedure for selection of existence tests for such
a function is as follows:

ElI: List all possible prime implicants in their
decimal form. Select one minterm at random as the Tfirst
test.

E2: Remove from the list the minterm selected

in stepEl, and all prime implicants in which It appears.
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Also delete from the listing all minterms which appear in
any of the prime implicants deleted.

E3: From the remaining prime implicants select
existence tests for those prime implicants which have had
any of their minterms removed.

E4: Go back to step E2 unless all prime
implicants are deleted from the list.

The above procedure for the selection of existence tests
simply selects one test which serves as an existence test
for several prime implicants. All prime implicants
which share any minterms with the prime implicants tested
by the first choice are next tested. This process continues
until all prime implicants are exhausted.

Consider the function

F = ACDE + ABCD + BCDE
which may alternately be written

F = BCDE + ABCD + ACDE
as shown in Figure J, Then, for this example, the set of
existence tests which will be valid for either form can be
selected as follows:

ElI: The prime implicants are (3,7)(7,15)(3,19)
(15,31)(19,27)(31,27), from which we select (3) as the

first test.



E=o
AB
CD o o o o

10 50 BO 90
31 71 151 10

20 60 wo 160

E=1I

0 0 0 0
0 =0 "*0o~ 2
©1 ~0 311 7r\~
y0 a0 o

Figure 7
Karnaugh Map for F = ACDE + ABCD 4-BCDE
(F = ABCD + BCDE + BCDE)
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E2: After deleting all terms implied by step
EI, the list is reduced to (15)(27)(15,31)(27,31).

E3: Tests (15) and (27) are next selected.

E~:  Complete deletion of all remaining prime
implicants is accomplished in this step so the procedure
is completed. The final result (3j15j27) is the desired
test set.

Growth testing proceeds in a similar manner to existence
testing; this may be stated as:

GI: List all minterm growths of all prime
implicants. Delete all growths which may be included in
other growths or in other prime implicants.

G2: All sets with single elements must be tested
for. Select all such tests.

G3: Select from all minterms a test at random,

G4: Remove all growths in which the test in
step G3 occurs. Also remove from all remaining growths
any minterms that may appear in any of the growths pre-
viously deleted.

G5: Perform step G2 if applicable.

G6: Select growth tests from any of the growths
which have had any minterms removed due to the above process,

G7: Go back to step G4 if a growth remains con-

tested; if at any time G6 cannot be applied to the remaining
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growths, then begin again with step G3. The process may be
reinitiated at G3 as many times as necessary until all
growths are deleted from the listing.

The above procedure may be described in the following
manner. Growths with single elements which are not i1ncluded
in other sets must be tested individually since they
represent areas that would not be tested otherwise.
Selection of the first test checks several growth areas.
All growths which share tested minterms growths are then
tested. This process is continued, with restarts if nec-
essary, until all growths are tested.

Returning to the previously introduced example,
Figure 7, we can select growth tests which will be valid
for any one of the forms the output may take. The results
would be as follows:

Gl The growths for all prime implicants are
for (3,7) (1,5)(11)(2,6)(23)
for (7,15)  (11)(23)(5,13)(6,W)
for (3,19)  (U)(23)(2,28)(l,17)
for (15,31)  (11)(23)(30,14)( 13,29)
for (19,27)  (11)(23)(17,25)(18,26)
for (31,27)  (11)(23)(30,26)(29,25)
This collection can be reduced to (11)(23)(1,5)(2,6)(5,13)

(6, W)(1,17)(2,18)( 13,29)(W,30)( 17,25)(18,26)(29,25)(30,26).
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G2: The tests (11) and (23) must be made.

G3: Select (1) as a test.

G4 to G6: Completing theprocess using the test
from step G3; we will select tests (25) and (13).

G7: At this point the original list is reduced to
(2,6)(6,14)(2,18)(14,30)(18,26)(30,26) and a choice similar
to that in step G3 is indicated. We will choose (2) as
the test, and following the procedure as outlined tests
(14) and (26) are also chosen.

The final set of growth tests for this example is

(1,2,13,14,25,26,11,23).
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SECTION h: IRREDUNDANT N-LEVEL REALIZATIONS

The purpose of this section iIs to extend the concepts
of growth and existence tests to irredundant N-level realiza-
tions with certain structures» A proof of the validity of
the use of growth and existence tests for these structures
is presented.

Definition An (F,Y) stage is a two-level logic
network where the first level consists of Y type gates and
the second of F type gates.

It is noted here that levels and stages are counted
from the primary output backwards into the system. An AND-OR
2-level realization is, thus, an (AND,OR) stage using the
above definition.

Theorem: Faults in the nth (AND,OR) stage of an
irredundant k (AND,OR) stage network can be tested for at
the output using growth and existence tests.

Proof: Let FM be the output of an AND gate in the nth
(AND,OR) stage of a k (AND,OR) stage network. Assume that
X"jXg,o0e..,Xm are inputs to this particular AND gate.

Hence,

SRR SRS
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IT we consider the path traced from this AND gate to
each of the AND gates in the first (AND,OR) stage where it
is a factor, we can represent each of these paths schemati-
cally as shown in Figure 8» Each OR gate in this path
performs a disjunctive operation on Fn, thus the expression
for F" is not changed by these gates. FM is changed, how-
ever, by the AND gates that it passes through,

Note that in Figure 8 all inputs to each gate shown,
except for that one due to the path of F", are made a

single vector input Y The Tfirst subscript of this

s™u -

notation represents the gate using "a" for AND and "o"
for OR. The second subscript gives the number of the
(AND,OR) stage the gate is in»

The output of the AND gate in the first (AND,OR) stage
may be written as

F1-= SF") SYa,n—pYa,n-Z oooooo-Ya’ZYa,ll

IT the output function of this network is realized
in a 2-level AND-OR form, i.e., one (AND,OR) stage, then F
will be the output of one of the AND gates. This 1is true
because of the irredundancy of the network»

IT we perform an existence test on Fl we will also be
performing an existence test on Fn. This 1Is true because
the existence test for F° will check if F* =0, and from

the above equation F* = 0 if F* = 0. It then follows that

the existence test for F1l also checks the existence of F"0



Figure 8
Path Traced from AND Gate to Output

27
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A growth test for F", by definition, checks for all
changes in F* due to its independence of any of its
variables. Since F” may be written as

F = (XJXg........ ’xm}5Ya,n—l a,n—2...o.o"Ya,9Ya,i)U
a growth test for F* must check for its iIndependence from
any of the variables of F".

Each of the input variables of F" may, iIn turn, be
a function of several variables. In a similar manner to the
above method of investigation, the existence and growth
tests for F* can be shown to check for faults in these
variables.

It has been previously shown (Section 2) that an OR
gate following several ANDs does not have to be individually
fault tested if each AND is tested. Therefore, by replacing
this k (AND,OR) stage network by its irredundant one (AND,OR)
stage equivalent,4 all faults at all gates can be tested for
by applying existence and growth tests to the output function,

QED

The following Corollaries are presented without proof.

In Section 3»3 a method for selection of a set of
tests that is valid for any form that a function with
several 1irredundant disjunctive forms is presented. Using

this information, it can be seen that any irredundant of
these 2-level equivalents may be chosen.
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Corollary 1: Faults in the nth (OR,AND) stage of an
m (OR,AND) stage network can be tested for at the output
using growth and existence tests.

Corollary 2: Faults in the nth level of a k-level NAND
network can be tested for at the output using growth and
existence tests.

Corollary 3: Faults in the nth level of a k level NOR
network can be tested for at the output using growth and
existence tests.

It is important to note that all of the above cases
require the network to be irredundant.

The use of the knowledge that the form that the output
function takes is a salient point in the fault testing of
the network, becomes very apparent in the n(F,Y) stage
case. We have shown that unnecessary tests may be
selected by choosing the wrong form for the output
and that some necessary tests may be omitted. It is
important then that the 2-level equivalent representation
be of the same form as the network.

Although the set of tests selected is not necessarily

minimal, the amount of analysis needed to select these
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tests is quite small compared to other techniques

available. *

5
~Armstrong, op. cit.

g
Poage, J. F., "Derivation of Optimum Tests to Detect
Faults in Combinational Circuits,"” Proceedings of the
Symposium on Mathematical Theory of Automata, pp. 483-528
(Polytechnic Press, New York, N. Y., April 1963).

Roth, P, J., "Diagnosis of Automata Failures: A
Calculus and a Method,"™ I1BM Journal of Research and
Development, Vol. 10, No. 4, pp. 278-291 (May 1962).
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SECTION 5: CONCLUSIONS

"What is the minimal amount of information needed to
develop a reasonable set of fault tests for a given
network?" 1is the question that prompted the writing of
this paper. Prime implicant information is shown to be
the important key to the answer. Through the use of
such concepts as growth and existence testing near
minimal sets of fault tests are derived with very little
detailed analysis. With this in mind, the important
features of this presentation are the theorem and the
corollaries of Section 4. The previous sections serve
then as a springboard first to developing the concepts
necessary to this theorem, and secondly, to acquiring
a Ffeeling for theilr usage.

The general scheme for this investigation is first to
present a general picture of fault testing in gates. This
inquiry leads to a division of all line faults on a gate
into two classes, by their effects on the output function
of the gate. The Tfirst class includes all faults that cause
the output function to become a constant, either 1 or O.
The second class contains those faults which cause the

output function to change form, but not become a constant.
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The two Forementioned classes can equally be defined
by their effects on the prime implicant or implicate of
the gate in question. The Ffirst class has the effect of
negating the prime implicant or implicate by forcing it
to become 0 or 1, respectively. Hence, a test for a fault
in this class is an "existence'™ test, that is, it is a check
on the existence of the prime implicant (implicate). The
second class of faults, as discussed in this thesis, has
the effect of iIncreasing the number of minterms or maxterms
of the output function (that is, as compared to the fault-
free output function of the gate). Thus a test for a fault
in this second class is a 'growth" test, that is, a check
whether the prime implicant (implicate) has changed to
include more minterms (maxterms).

The above existence and growth tests are more than
a compact way of defining fault tests: they are, rather,
a reflection on the operation of a gate under fault con-
ditions. They are, In a sense, a picture of how the out-
put can change, and are therefore more important as properties
of a gate. The procedure developed for selecting the
necessary fault tests 1is, in light of what has been said,
little more than a technique for checking for all the fault

properties of the gate.
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We believe that this is a new approach to fault testing,
in that i1t changes the emphasis from investigating a gate
under fault conditions to studying the fault properties
of the gate. This change is necessary if Ffurther work is
to be done concerning the development of rules for logic
design so that all diagnostic tests are readily accessible
or, indeed, "built in" the system.

As mentioned in the introduction, Section 3 presents
an investigation of three important concepts necessary to
the final theorem concerning tests for large systems. The
extension of growth and existence tests to 2-level
realizations, the necessity that the output expression
reflect the structure of the system, and the ability to
select tests which are valid for any of several irredundant
forms of the same function are all germane to the theorem.

Although the theorem and corollaries are restricted to
irredundant systems with only certain structures, these
results are far from being impractical. The continuing use
of NAND and NOR gates as building blocks for entire systems
make the outcome of this paper very much in step with the
state of the art.

The value of the culminating theorem as a tool for
diagnosis does not affect the importance of the i1nsight that

this paper gives to the nature of faults in a system of gates.
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As mentioned before, the emphasis in fault testing of gates
must shift from considering the effects of faults on the
operation of a gate as errors to a more practical approach
of considering these effects as intrinsic properties of the
gate itself.

A salient feature of this scheme for fault testing is
the relative ease of test selection as compared to the more
elaborate methods of path sensitizing or the unnecessarily
long method of complete exhaustion of all input combinations.
All the iInformation needed for existence and growth testing
iIs readily accessible from the circuit to be considered.

There are, however, several disadvantages or short-
comings to this technique. The Ffirst is the type of logic
circuitry that can be tested. We cannot deal with such
situations as AND-NAND, OR-NOR, AND-AND, and OR-OR, that 1is,
situations where the operation of a gate is repeated by
the next gate, or with networks having inverters. The
second is the elaborateness of the procedures that must be
used for determining a set of tests that will be valid for
any form of a function with several irredundant disjunctive
forms.

Several possibilities remain to be examined. Chief
among these is the notion of a set of fault tests built into

a logic network. Conceptually, this involves a set of rules
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for constructing a logic circuit such that its fault tests
are available without further iInvestigation. The 1ideas
presented in this thesis concerning the nature of the
errors due to faults are a step toward the realization

of this goal.

Also, preliminary studies indicate that the technique
of existence and growth testing can be extended with some
modification to more complex logic circuits than those
dealt with in this presentation, more specifically, those
circuits with mixtures of gate types.

Finally, the extension of this technique to sequential
asynchronous systems may be feasible, but this requires more

elaborate discussion than is the scope of this paper.
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