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ABSTRACT

Advances in digital technology has led to an increase
of circuit complexity and its size in terms of the number of
gates used., So it has become essential to use computer aided
design and testing of digital circuits. One of the basic tools

for this is fault simulation.

Various fault simulation techniques and their alter—
natives have been proposed in literature. In this work
Parallel Simulation, Deductive Simulation,ecriticalpath
tracing and statistical fault analysis have been implemented

on DEC 2050,

 The implementations are valid for combinational circuits,
The single~s£uck~~at fault model has been used., The results
‘have been presented in terms of +the C.P.U.‘requirements of
the different techniques. The results indicate that parallel

simulation requires minimum C,P.U. time,
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CHAPTER = 1

INTRODUCTION

1,1  INTRODUCTION AVD MOTIVATION

With the complexity of techiwlogy on the increase
computer aided design and testing is Dbecoming essential
in many fields, One of the main application areas is the
design and testing of digital circuits, This is specially
true for the design of a large highly reliable system where it
becomes very cumbersane to directly fabficate and test the
digital oircuits. This is because it is necessary to (i) check
the logio before commitment to hardware (ii) Evaluate the
logic design alternatives, (iii) Verify the faﬁlt test procedures
(iv) Obtain detailed circuit operational reference data

(v) consider initial dependence on timing [4].

Logic simulation enables digital system devélopment
by facilitating the above requirements. It complements actual
equipment debugging and helps in reducing the time and cost of
digital design [4]. It is the process of building and execci~
sing a model of a digital circuit on a digital computer. If
involves evaluation of signal values in the modelled circuit as

a function of time for same applied input sequences

Logic simulation has two principle apblication areas -

(1) design verification

(ii) fault analysis



Design verification is often called true value

simulation and is used to determine the output sequence

that will be produced by any specified-input sequence.

Fault analysis is the study of faults activated
by a particular input sequence, This is dene by the
: process of fault simulation i.es. the simulation of the
behaviour of the circuit under various faulty conditions. It

gives information about ~

(a) The faults detected by the proposed test
sSequence
(b) Operational characteristics of the circuit under

specific fault oondiﬁions.

(¢) The degree of fault resolution obtainable with

a given test sequenoce [3]

One of the uses of fault simulation is to determine
the faultvcoverage of a given test sequence. The fault
coverage is defined as the ratio of the number of faultsv
detected to the total number of faults simulated. It is a
measure of test quality'whioh can be used to improve the test
sequences

For larger and more complex circuits the C.P.U. time
required for fault simulation increases. Various fadlt simula=
tion algorithms and alternatives have emerged in responsz?" to

this rapidly cscalating C.P.U. time.



Most of the fault simulators that have been
implemehted till dale can be classified into three cate~
gories, |

(1) Serial simulation -~ This category employs the
single fault injection technique which simulates either the

fault free circuit or are of the faulty circuits.

(2) parallel simulation - Here the true value and

a small set of faults are simulated concurrently.

(3) Dedugtive simylation - In this category all fault

symptoms are propogated from the site of failure to circuit

outputs by use of fault list manipulafions.

Sonme alternative simulation techniques have also been

proposed. The main among them are

(L) Critic@kj?aﬁhwﬁragggg - It is a recursive bath

tracing algorithm in which detected faults are only considered.

(ii) Statistical fault Analysis ~ Here a statistical

estimation of the fault coverage is done by true value simula-

tion of a number of input sequences,

1,2 PROBLEM SPECIFICATION

A number of fault simulation techniqﬁes are available °
in literature. In this thesis a brief comparative analysis of
these has been done. Further four of this techniques have

been implemented on DEC~2C50.,



Here combinational circuits have been considered

and the single stuck-~at fault model has been used.

1,3  DISSERTATION OUTLINE

The thesis has been organised into four chapters.

Chapter 1 is the introduction.
. Chapter 2 gives a review of fhe various fault simula~
tion techniques and alternatives. It attempts a critical analysis

\

of the various technjiques.

Chapter 3 deals with the implementation of the various
techniques considered. Each implementation has been explained

in terms of the data structurmes used and the algorithms.,

.Chapter 4 gives the results of the various techniques
implemented. It also gives the conclusion and the scope of

future extensions,



CHAPTER - II

REVIEW OF VARIOUS FAULT SIMULATION TECHNIQUES

Fault simulation involves ﬁhe determination of
the fault-free value of every signal in the circuit, and
also the values of these signals in the presence of
faults from the prespecified set. The various methods
of fault simulation différ in their complexity, speed,
storage requirements, accuracy'and the levels of models

" that can be simulated efficiently.

In this chapter the different methods and their
relative advantabes and disadvantages have been discussed,
The various methods have been discussed and then they

are analyzed relatively.

2,1 Serial Simulation :

This is one of the earliest and simplest method of
fault simulation. This tecﬂnique involves simulation of
one fault at a timé. The fault free circuit is simulated
initially. Then the circ&itvmodel is modified to accomo-
date a single logical faults Stuck type faults are inserted
by simply setting the stuck signal to the approperiate

constant valuce



This type of simulator requires one complete pass
through the circuit per fault insertion. A large circuit
will have a very large number of faults and so the number
of passes is bound to become prohibitive. As a result
the method becomes quite inefficient. But the memory
requirements for this method are less than that for other
methodse. So with a small host computer this method may

become useful,

2.2 Parallel Simulation [3,4,11,12] :

This technique simulates the effects of a number qf
faults simulataneously by virtue of the fact that the
operations in the hostvcomputer are word-oriented.lThe
number of faults simulated during one pass of the
simulator is usually determined by the world length of
the computer. With multiple precision arithmetic a larger
number of faults can be simulated simultaneously.

Multiple passes become necéssary when the number of faults

comes large [11,12].

For two logic values and stuck~type faults a word
of length n can accomodate the fault free value and (n-1)
faulty values of every signal in the circuit. This is
called a fult word [5]. The logical gates are simulated
by performing the corresponding logical operations on

the words representing its input values. A s-a=1l/s-a~0



fault is inserted by ORing/ANDing with a fault mask
having a 1/0 in the faulty bit position and O's/l's elsewhere
[3,12].

If the word size is 'n', thén ne =n - 1 different
faults can be‘processed simulataneouely . Processing of
nf'different faults simultaneously is called a pass.

If Np different faults are to be processed [Ng/ng]
passes are required. Independént faults can be processed
simultaneo&sly to reduce the number of pasées. Two
faults are said to be independent if they cannot effect
any common portion of the circuit, In a parallel fault
simulator independent faults can be simulated in the
‘same bit position. The least upper bound on the number
of independent faults which can be processed simultane-
ously in the same bit position ig the number of output
lines 'o' in the circuit. So the minimum number of
passes is [NF/nf.p]. The main disadvantage with this
procedure is that of identifying independent faults. If
this cannot be done efficiently, then the time saved in

simulation is lost [4,5].

The efficiency of parallel simulation depends on
the width W of a computer word as well as the instruction
set and architecture of the host machine. Assuming a

fixed memory cycle time and instruction execution tinme,



by doubling W twice as many faults can be processed

in the same time. If the host machine has string opcrat=-

ors, then even further efficiencies can be achieved [4].
The basic advantage of parallel simulation is that

the gafe's output'fauit word is computed by simple

logical operations on input fault words and the memory

requirements are meagre [5].

- 243 Deductive Simulation [2,3,4,5,11] :

Deductive simulation is based upon the ccncept,
that if the inputs to logic eiements and the affeoct
of faults on the circuit for these input values are known
the output of the element under all fault conditions can
be deduceds Instecad of compu{ing the signal values forx
all faults being simulated (as in the casc of parallel
fault simulation), this mothod computes signal values
for fault free circuit, and deduces the faults that will
cause cach signal to have a value different from its
fault free value} This is accomplished by using thc

concept of fault list propogation [2,4,11].

The deductive simulation can process all faults
via. a one pass simulation. This is dohe by simulating
the fault-free circuit, and by associating with each
line @ in the circuit a sot of list L, which contains

the name of every fault which prdduces an error on the



line 'a', The deductive simulation method involves
determining the output true values éﬁd fault lists of
elements from their input true values and fault lists.
The true value of an element output is computed whenever
one or ﬁore of its input true values change., The output
fault list is computed whenever any of its input true
values or fault lists changé. Set Algebra is u;ed for
fault list compdtationé. The equation'used fo;'computihg
the output fault list depends not only on the type of
the gate but also on its input vélues [3,11].

The deduétivevsimulator ié typically table=~
driven event direcfed. There are {two types of events-
logic events which occur when a signa; line takes on a
new logic valué and list events which occur when & faﬁlt
list La changes i.c. eithér gains or losses one or more

entries [2,4].

The basic algorithm for the propogation of fault

lists is given below :

1.- If the value of { in the normal circuit is
o(1), let E(xl,xz.... ,xn)vbe a sum of
products or product of sums Boolean . expression
for ¥ (§) in terms of the inputs to the

element xl’x2’ff".xn' If the value of an»
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input varigblé x; in the normal circuit
is 0, replaced(all appearances of ) x; in'E
by L. , and all appearances of X; by L. 3
X3 i o
if the value of X3 in the normal circuit is
| 1, replace x; by Exi and X, by in. Replace,
by N and + by U,
(2) 1f d is the element output add di(do) to

the fault list obtained in (1) [4].

From the above algorithm.it is clear that the
computation required in determining the set of faults
that cause the output of any gate in the circuit to be
incor;ect (for deductive simulaticn) is usually'morc
complex than that required in determining the output
of a gate for the normal and faulty circuits simul-
taneously (i.e. in parallel simulétion). However, a single
pass through the deductive simulation program is suff;
icient to determine the effects of a large number of
faults. Thus, thé computétion time required for simul-
ating a largé number of faults is reduced, but at the =
expensc of the memory requircecments. It has been shown
experimentally that if sufficient memory is available
then deductive simulation is more cost effective than
parallel simulation when a large circuit is to be

simulated with a large number of faults [5], -
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2.4 Concurrent Simulaticn : A variation of Deductive

Simulation [3~5,13] :

This technique has been proposed by Ulrich and
Baker [13]. It is a variation of the deductive simule
ation technique., The variation is in the method of
implementation rather than with the principle and has
to do with the manner in which fault-list data are
updated as successive test input vectors are evalgated.
In the deductive technique each input vectbr is consi-
dered as a seperate entity. Although fault lists are
passed on, any change in activity caused by a change
in the input vector values usually means a completé
re-assesment of ecach of the model fault lists irres-
pective of whether an update has caused the data fo
change. On the otherhand the concurrenf simulator only
updates lists if they are different. In other words,

updates are resticted to nodes that change [4,5,13].

Concurrent simulation also has some 6f the
features of dhe;fault—atutime simulation since the:
evaluations of fault-free and faulty signal values are

one. explicitly one at a time [5].

-

However, only those elements whose inputs andyf

~

or states in the presence of any fault are different
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from their fault free values, are evaluafed. This is
accomplished by maintaining fault state lists analogous
to faults lists used in deductive simulation., A fault
state list, consisting of fault states, is associated
with each element of the circuit. Each fault state
consists of a fault identifier (fault number) and the
state of the element (inputs, outputs, and state variables)
in the presence of the particular fault. The fault-free
state of the element (usually identified by fault number
0 ) is also contained in the fault list of that ele-
ment. Unlike fault lists in deductive simulatiop,

fault state lists are associated with elements and not

with signals [5,13].

Since faulty circuits and good circuits are
processed concurrently, this technique is called
concurrent simulation. Here fast simulation techniques
such as table lookup can be used, Concurrent simulater
only processes active circuits in contrast to deductive
simulation. The difference in the processing performénce
of the two techniques becomes more apparent when a
fault 'f' causes the circuit to oscillate. In deductive
simulation it is necessary to repeatedly process each
gate in a circuit loop. In concurrent simulator only a

single fault is processed,
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The main disadvantage of concurrent simuiation
procedure is that it requires more storage than the
deductive procedure. When an event occurs due to a
fault, the fault state list must be serially scanned

to see if the fault is an entry in this list.

However, for multivalued logic concurrent simul-
ation is ideal since each element in a super‘fault
list is handled individually, hence all tools available
for fault freec simulation are available for fault

~simulation.

2.5 Critical Path Tracing [1,11 ] :

This method is based on the analysis of synsitive
traces. It is a reversal of the critical cube gencration
[11,15] and is essentially based on the observation that
failures along a sensitive trace are detected at the

circuit outputs along the scensitive paths,

This is a more efficient alternative to fault
simulations It involves fault free simulation of the
circuif under consideration and then using the computed
signal values for tracing paths. The distinctive
features of this technique as compared to fault simul-

ation are given beclow :

ls Significant saving is achicved in this

technique as it directly identifies the
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faults detected by a test withcut simulating
all possible faults,

2. Since it deals with faults implicitly,
so fault enumeration, fault collapsing,
fault—partitioning ctcs are not required.

3. Being a path traéing algorithm it does not
require the computation of values in faulty
circuits by gate evaluation or fault list
propagation,

4, It is an approximate method in that it some-

| times does not mark as detccted some fzaults
that are actually detected by the evaluated
test,

The technique involves the marking of the sensit-
ive inputs of gates during the fault free simulation

Tun.

Next it marks the primary outputs as critical
anc then procecd on to a rccursive tree traversal
procedure so as to mark the sunsitive inputs of a gate
as critical if its output is critical. For fanout free
circuits this recursive procedure is enough to mark

all the critical paths in the circuit,
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For circuits with fanout a distinction between
the stem and its fanout branchés has to be made., With
reconvergent fanout the phenomenon of selfemasking
asserts itself if the inversion parlty of the different
roconvergent paths is different, As a result a steam
need not always be critical even if one or more of its
fanout branches are critical. To compute whether the stem
of a fanout branch is critical some extra operations
need to be performed. Firstly the fanout free regions
(ffR) of the circuit are marked out. These are the
regions of the circuit for which the simple backtracing N
procedure explained above are applicable. A primary
output is critical and this gives the starting point of
thé aléorithm. Backtracing critical paths inside and
£fR may identify some of its input as critical. An ffR
input is either a primary_input without fanout or a
fanout branch. To detcrmine whether the stem is critical,
given that some of its fanout branchés are critical,

stem analysis is needed,

Stem analysis is done by using the concept of
capture line. A line y is said to bevsensitizeq to a
fault on line x is the effect of that fault propogates
from x to y. If a tgst t sensitizes line y to f, but

- does not sensitize any other line with the same level
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l, Basic algorithm
for evgry primary output z
[stems to check = ¢
Extend Z
while (steﬁs to check = § )

! [

j = highest levei stem
gemove j from stems to check

if critical (j) then Extend (j)

]
]

2, Exteﬂc;(i).‘
[ mark i as critical
if i is a fanout branch then
add stem‘(i) to stems to check
else -
for every input j of i
if sensitivé.(j) then extend.(j)
1
3. Critical (i)
[ frontier = (fanouts of i]
repeat |

[ 1 = lowest level gate in frontier
- remove i from frontier
if frontier = § then

. if propogates (i) then add fanouts to frontier
else :

if propogates (i) then
if i is critical then return TRUE
return FALSE)

FlGURE 2.2
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as y, then y is said to be a capture line of f in test t.
A capture line, if one exists, belongs to all pathes on
which the effect of f can propogate to the primary output
in the test 't', It can be shown that a test t detects

‘a fault f if and‘only if all capture lines of f in t

are critical in t. Thus, other analysis involves finding
a capture line of the stem, whose status (critical or
not critical) has already been determined. Then the

stem is critical if the capture line is critical. This
technique is referred to as partial fault effect pro-

pation.

‘

The abovevtechnique of stem analysis involve imp-
licit fsult effect propagation. This is the propogation
of faults withouf explicitly computing the faulty
values and is based on the marking of sensitive gate
inputs done during the true valuc simulation. A gate G
propogates a fault if either (1) fault effects arrive
only on sensitive inputs of G or (2) G has no sensitive
inputs and fault effects arrive on all inputs with the
controlling value and only on these inputs. ‘An illustra=-
tion for the case of a three input AND gate is shown

"in the Figure.Z!

The basic algorithm required forbthe implimenta-

tion of this technique is shown in Figure 2.2 It
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assumes that the true valuéxsimulation including the
marking of the sensitive inputs has been performed.
The critical path tracings«ensi™» an ffR is represented
by the procedure EXTEND and the checking of a stem for
criticality is done by the procedure CRITICAL.

As expected, the performénce of this algorithm is
strongly influenced by the fanout structure of the
circqit and less by its size. It is cla%med that an
the average critical path tracing wasﬁﬁdglfaster than
the concurrent simulator. Only in the most case circuit
arc increase of about 30 ¥ time was régistered with

critical path tracing.

The key factbrs contributing to the increased

efficiency of critical path tracing compared to fault
simulation are as follows :

1. It deals dircctly only with the detected -
faults rather than all possible faults.

2. It deals with faults only implicitly rather
than explicitly.

3¢ It is an approximate rather than an exact

technique,

An example has been shown in Figure 2.1 3

to illustrate certical path tracing.
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2.6 Statistical Fault Analysis [8,9,12] :

Besides critical path tracing another alter=-
native to fault simulation is statistical fault Analysis
or STAFAN, As VLSI circuits grow in complexity, fault
simulation costs get increasingly burden somc. The
fault simulation techniques consume CPU time and
memory at a rate increasing at least as the square of
the number of gates in fhe circuit, This is a serious

limitation [8].

Stafan h;s been proposed to overcome these
limitations.” In this technique -fault free simulation
is used to calculate the detection probability of
each stuck fault in the circuit from signal stati-
stics. It produces an cstimate of the fault coverage
by the vector stimuli used in simulation. It makes
use of the coﬁcepté of controllability and obscrvab-

ility with onc defined as follows :

(a) ci1(f) [co(f)] or one=controllability [zero-
controllability ] is the probability of
the iine { having a value of one [zero[ or

a randamly selected vectorx.

(b) B1({) [BO(f)] or one-observebility[zero-
observability] of a line f is the probability
of observing or one [zero] on the line {,

at the primary output [8].
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Gate Quantity Expression

type :

AND  B1(I/P) B1(0/P).C1(0/P)/CL(IP).
BO(I/P) BO{0/P).(3(1/P)-CL(0IP))/CO(1/P).

OR B1(1/P) B1(0/P),(S(1/P)-CO(0/P)/CL(1I/P)

| BO(I/P) BO(0/P).CO(0/P)/CO(1/P)

NAND BI(I/P) B1(o/P).co(o/P)/CL(1/P) |
BO(I/P) BO(0/P).(S(1/P).(S(1/P)~CO(O/P))/ C1(1/P)

NOR  B1(I/P) BO(O /P).(s(1/P)~-C1(0/P))/Ci(1/P)
BO(1I/P) B1(0/P).C1(0/P)/CO(I/P)

Yot/ Ba(1/P) B1(0/P)

XNOR  BO(I/P) BO(O/P)

CONT B1(I/P) B1(0/P) 3

BO(1I/P) BO(D/P) 3 where m = fanout [13].

rCE CH

Figure : 2.4
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To evaluate the controllabilities we associate
with each mode of the given circuit a one-canter and
zero-canter. After simulating 'n' diffcrent test vectors

the'controllabilities are estimated as follows :

‘(1(1) - on§~cont and CO(f) = zerg cont

An additional sensitization counter is associated

!
AN

with every node for the estimation of obscrvabilities.
This canter is incremented only when the path from the
corresponding line to the gate output is sensitized. The

sendtigtion propability is estimated as

sensitization-cont
S({) = 123t

Com compute the observabilities Bl and BO for
the PO's one set to unity. Next they &re propogated
towards the primary inputs. The formulae for thg eval-
uation of the observabilities of the inputs of various

gate type are shown in Figure 2.4 [9].

For fanout points the obserability of the input

is given by

m
BO({) = (1 -~ a)max [BO(i )] + « U BO(iy)
1<K<m k=1

Here i, are the fanout branches and a is an

orbatrary constant.
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After the observabilities of all the nodes
have been computed, the detection—probabilities are
computed for all the nodes as shown below : The

detection probability of f{,s-a-1 fault is
D1({) = BO({).CO({)

similarly for f-s-a=0 we have
Do(f) = B1(f).CL(f).

From the detection probabilities the fault

coverages can be estimated after normalization.

Two tvpes of operation are ;equired in this
technique - (a) updating of counters and.(b) computation
of controllabilities and observabilities. The first
operation accounts for stafan's main overhead which

is evaluated as

" Overhead a (4 + n? + ahi + a)
where,

n, = avg. No. of 1/pS per gate

n. = avg. No. of gates in a loop

and a < 1

Being a statistical method is bound to show
better results for larger circuits. It is claimed that
the estimated fault coverage as predicted by STAFAN

closely follows the fault simulation reéults,
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2.7 Comparison of the Different Technigques [1,4,5,8,10,11]

Since simulation is an essential step of computer-
aided design process for digital systems, the efficiency
of particular simulator implementation becomes a major
concern. A comparison of techniques discussed can be
made on the basis of their complexity, spced, storage

requirements and accuracy [4].

The performance of fault simulation algorithms
is of vital importance because it can consume many
hours of C.,P.U., time. A growing circuit size gencrally
results in a growing fault 1list and a larger number of
tests being required to tesf the circuit. In the worst
case time may increase in proportion to the 3rd power

of the circuit size [4,5,10].

A comparison of the parallel fault simulator With
deductive fault simulator [5] indicated, that in general,
thé deductive fault simulator is faster but the gégllel
fault simulator has an advantage for small, highly

sequential circuits of sizes upto about 600 gates [5,10].

In principle, deductive and parallel simulators
assume identical timing for fault free and faulty
circuits because of the strong coupling between fault-

free and faulty signal changes in both the techniques [ll]
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In concurrent simulation the timing of each fault will

be handled independently [11].

The parallel simulation requires a word for each
node of the circuit, so the storage requirement is
fixed for a given circuit and for the number of
faults simulated in one pass [11]. For deductive and
concurrent simulators the storage requirements will

depend on the circuit activity [11].

In the case of deauctive simulatioh more storage
is required for sequential circuits due to larger test
sequences and longer fault lits. The length of fault
lists can vary wideiy requiring dynamic storage
allocatibn. The performance of deductive simulation can /s

be adversely effected by excessive paging in the host

computer,

The fault list in the deductive simulator stores
fault numbers which in fact are positions in the parallel
simulators fault word of those bits which complement
the true value. If the fault words are sparsely popul-
ated the deductive technique provides a saving in the
C.P.U. time and fault storage. As the fault word becomes
densely populated the parelled simulator requires less

C.P.U, time and fault stcrage [5].
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Concurrent simulator is expected to require more
storage since in this methocd each fault is represented
by a fault identifier and a fault state and the concurrent

fault list contains a larger number of entries [11].

Another performance criteria is fhe capability
to accomodate larger set of logic values. This is necess-
sary to keep up with the modern technologies. In the
context of 3-valued system it has been shown that |
- deductive simulation is more pessimistic than both
parallel and concurrent simulation [11]. In parallel
and concurrent simulation each fault is treated indepen=-~
dently of the faglt free circuit. In the casec of deductive
simulation, no information about faulty valuecs is |

maintained if its true value is known.

Among the alternatives to fault simulation we
have critical path tracing. Although this technique is
faster than traditional fault simulation, it has been
shown that certain fauits detected by multiple ‘path
sensitigation are not identified as detected by this
technique’[l]. The algorithm saves C.P.U. time since
it deals only with the detected faults rather than
with all possible fault . A serious disadvantage of the
technique lies in the increased compiexity of the
algorithm. Besides this, the method has limited appli-
| cability to sequential circuits and its performance is

limited by the amount of fanout in the circuit [1].
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The other alternative is statisticai faulf
analyéis; It gives an estimate of thé fault coverage
by ﬁsing true value simulation. It does not ecxplicitly
simulate the faults like all the previous methods. The
estimation of fault coverage helps in analysing the
effectiveness of test vectors. The fault coverage and
undertécted fault data obtained for the actual circuits
are shown to agrece within 5 % of fault simulation
-results, yet the C.P. time and memory requirements
fali short of those reduired in fault simulation, A
" disadvantage of this method is that it does not give
information on exactly which faults are dcected by a given

test sequence [8,10].



CHAPTER ~ 3

IMPLEMENTATTON

This chapter deals with the design and impiementation

of the various fault simulation techniques. The chapter is
divided into 5 parts, The first part deals with the prepro-
oessing which is common to all the Techniques. Each of the
remaining parts deals with a fault simulation technique. Each
section is further divided into two parts. The first part

deals with the data structures involved.and the second part

deals with the algorithmic flow of tha particular implement.

“ation, All the methods implemented use stuck-at-fault mode=-

el PREPROCESSING

The first step in the design of any of the simulation
algorithms is to prepare, read and check the circuit connec-
tivity description. This requires an input deécription for
input data statement describing the logic of the circuit., The
input description of the circuit is read from a file, and

the connectivity information is obtained.

34141 Datag Structures for preprocessing

The convention adopted is to express all primary
inputs as X1, X2,.e4.%,Xn, all interconnection nodes as
C1,C24¢4%yCn and the primary outputs as Z1, Z2,...,Zn. The
labelling of the interconnections is done by using Terminal

Numbering Convention (TNC)-where each device output is labelled



28

with an integer greater than the integer used to label the
devices interconnection inputs,

A language has been defined to describe the logical

circuite. This language consists of

(i) Device number
(1i) inputs Lo the device
(iii) outputs of that device

(iv) Type of the devioes

A slash - '/' has been used as a delimiter character

identify the data baundaries as described above.

i

The general format of an input record is shown

belows

<device no.>/<inputs>/<outputs>/<device type>/

The various options allowed are given below

Device number = Gi
Input = Xi, Ci
Output = Ci, 21

device type = AND, OR, NAND, NOR, XOR, XNOR, NOT, CONT

Here CONT represents a continuity block between is a
fanout point in fhe circuite All other devices are standard
logic gates. J

Only the basic elements mentioned above have been
considered since only gate level simulation has been considered

here,
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The device input.can either be a primary input Xi
or same Lntermediate line Ci, similarly outputs of a device
can be either an intermediate connection is or a primary

output Zi.

The data struotures created from the given circuit

description are enumerated below,

1,  TYPE ¢ This gives the type of the gate interms of the
device codes '

2,  ICNT % It is the number of inputs to the gate.

3. INPUT: Gives the input node number of the gate in
terms of the numeric code generated by the program,

4, OCNT s It is the number of output to the gate.

5. OUT 8 gives the node number of the outputs of the gate.

6. "PRINCN = number of primary inputs in circuit.

T PROTCN = number of primary outputs in the circuite.

8«  INICNT

"

number of intercomection

Ce NODNUM = total no. of nodes in the circuit.

10. NOGA = total no. of gates in the circuit,

Besides thé above data structures a connectivity matrix
is created for the ease of evaluation. The rows of the matrix
correspond to the device inputs and columns correspond to the
outputs of the devices. So the identifying numeric code of a
device is placed in the appropriate‘position to give the

connectivity information of that gate.

The data structures are clearly depicted in Fig. 3.1

for an example,
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G1/X1,X2/C1/AND/
Gz2/c1/c2,C3/CONT/
G3/X3,C3/CA/OR/
Gl/ Cl/C5,22/ GONT/
65/ C2,C5/21/ AND/

(b) Ckt description

30

Symbol X1 X2 X3 Cl Cc2 C3

Code 1 . .2 3 4 5 6

Symbol C4 C5 Z1 Z2

Code 7 8 9 10

(¢c) Node Coding

Gateno. type _dent . inputs ocnt __ outputs
1 1 2 1,2 1 A
2 8 1 4 2 5,6
3 2 2 3,6 1 7
A 8 1 7 2 8,10
5 1 2 5,8 1 9

e »

(d) Generated description.

o AT



1.2 3 4 5 6 7 8 9 10 -
1 1
2 1
3 2
4 8 8
5 1
6 2
7.' 8 8
8 1
9
10

PR S T

\

~ (e) Connectivity description.

3412 Algorithms for preprocessing

The preprocessing can be divided into a number of
steps for better understanding of the various algorithms.,
This routine could be combined with the routine SIMUlation
in the various methods but has been implemented as a seperaté
entity/gifferentiate the two modules. The various steps in

the implementation of the preprocessing step are given below.

1. Initialize the variables INDEX, STYPE, CKTDES and
~ CONECT.
2(a) Read the number of gates in NOGA
(b) Read the‘circui£ desoription in CKTDES so that each

row gives descriptioh off are gate in Al format.
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S Change the numerals in CKIDES from A to I format as
follows

Repeat
Repeat
if CKTDES(J,I )=INDEX(G) for any I then
CKTDES (J,I) = G=1
if CKTDES (J,I+1)=INDEX(G)then

_ CKTDES (J,I )é&-CKTDES (J,I ) 104(G=~1)
until all indexes are considered

until all gates are considered.

4,  Initialize PRINCN, INTCNT and PROTCN to zeros and find
the number of primary inputs, interconnections and primary

outputs as follows?t

Repeét
I&2
Repeat
if CKTDES(J,I)='X' then
. 1f PRINCNKCKTDES (J,I )then PRINCN - CKTDES (J,I+1)

If CKTDES(J,I)='C'then |

if INTCNT<CKTDES (J,I+1)then INTCNT = CKTDES(J,I+1)
if CKIDES . (J,I)='Z' then

if PROTCN{CKTDES (J,I+1) then PROTCN <& CKTDES(J,I+1)
until the present row is covered

until all gates are considered.
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Delineate the different fields in the description
into CON (I,D,N) with I as pointer to gate number, D
as poiﬁter to the field number and N as pointer to the
data in the field as follows

Repeat

D¢ 1

J<% 0
N 1
Repeat
if CKTDES (I,J) A '/' then
~ begin “
CON(I,D,N) % CKTDES (I,J)
Increment N
endy
else
begin
CON(I,D,N)<~ CKTDES(I,J)
Ne 1
Increment D
end
until D=5

Until all gates are coused by I
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Create the data field ICNT, INPUT, OCNT, OUT and TYPE
Gate type coding is dare as follows
if CON(I,4,J) = 'AND' then TYPE(I) ¢ 1
1f QON(I,4,J) = 'OR' then TYPE(I) &« 2
if CON(I,4,0) = 'NAND' then TYPE(I) & 3
if CON(I,4,J) = 'NOR' then TYPE (I) « &4
if CON(I,4,J) = 'XOR' then TYPE (I) « 5
if CON(I,4,J) = "XNOR' then TYPE (I)é¢ 6
if CON(I,4,J) = 'NOT' then TYPE (I) ¢ 7
if CON(I,4,J) = 'CONT' then TYPE (I) ¢ 8
Repeat |
IGNT(I) & O
OCNT(I.)G- 0
Repeat' '
N¢ O
Repeat
increment N
if CN(I,D,N) = ‘X' then
begin
increment N
increnent ICNT(I)
NODE (CON(I,D,N),1)< 'x'
NODE (CON(I,D,N),2)< CON(I,D,N)
INPUT(I, ICNT(I))4 CON (I,D,N)
end

if CON (I,D,N) = 'C' then
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begin

increment N

NODE( CON(T ,D,N )4PRINCN, 1)='¢'

if d £ 3 then
begin |
increment 1GNT(T) K
INPUT(I ,ICNT(I ) )¢~CON(I,D,N)+PRINCN
NODE( CON(I ,D,N )+PRINCN, 2 )=CON(I,D,N)
end,

else
.begin
increment N
increment OCNT(T )
OUT(X,O0CNT(I) )} CON(I,D,N)+PRINCN
MODE (CON(I,D,N )+PRINCN,2 }CON(I,D,N)
end; A

if CONC(I,D,N)='Z' then
begin |
incrament N
increment OCNT(I)
OUT(T ,OCNT (T )&~ CON(I ,D, N )+PRI NCN+INTCNT
NODE (CON(I 4D,N )+PRINCN+INTICNT,2 )¢ CON(I,D,N)
end}
until CON (I,D,N) ='/*

until all gates are considered
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7o Create cbnnectivity matrix
Repeat
N ~ F/10
CONECT(1,F+2) & N
CONECT(2,F+2 )¢{~ F~Nx 10
CONECT (F+2,1 )N
CONECT (F+2,2 )&F»Nw10
Rebeat
Repeat
if INPUT(g,h)=F then
cx)NECT(F;z, OUT(G,1)+2) & TYPE(G)
until all inputs are considered
until all gates are considered
until all nodes are considered

8. Output the device coding, node coding, connectivity

matrix and fault coding.,

342 PARALLEL SIMULATTON

This technique invelves logical operations at the bit
level between the computer words. This is possible only in assembly
languege programming. So this program has been written in MACRO
the DEC~2050 assembly language. The preprocessing of the previous

section which has been implemented in FORTRAN has been used
as the main program for whioch the MACRO subroutine for parallel

simulation has been called. The data structures and algorithm of

of routine PALSIM have been discussed hcre.

/ 4
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34241 Data Structures

All the data structures created by the preprocessing
program are used in this routine. Besides them it creates an
array NODE which consists of a sets of 7 words, each such
sets corresponding to a node in the circuit. These words carry
the results of the simulation upto the éorreSponding node.

To account for faults generated at the node the bit numbers
(2% node no -1) and (2% node.no.) are set to O and 1 res-

pectively. This is done by defining the logical length of a
byte =2 bits and using the Adjust byte pointer instruction.

At the end of thé simulation the program compares the
different bits in the primary output werd with the fault free
bit (i.ee bit noel)e If faulty it evaluates the fault no.
and stores it in FIDT which keeps track of the fault numbers

detected,

3242 Algorithm for Parallel simulation Program

The algorithm for the preprocessing program has already
been given in section 3.1.le Here the algorithm for the routine

PALSIM has been given,
1. Save the Accumulators in SREG.

2e Phase 1 3 Set up true values of the primary inputs.

/
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X& 0, primary input number
while X < PRINCN Do
begin
Y ¢ True value (X)
BITS(Y) & ¥
AL X
M & X xNNODES jindex into the block of
menory used for nodes

N4 OF

Repeat
NODE(M) & Y % managing multiple
increment M ; words for a node
increment N

Until N=NNODES, number of words‘per node

call Setftty set faults for this node
increment X .

end, (of while)
3« Phase 2, computation of intermediate and output Nodes
while X<NOGA Do
Begin

Wé X % 103 Adjust index for 2D Array
Z{~ TYPE(x)

R ¢~ INPUT(W)=1l3Inputnode
V ¢ OUT(W)=1; outputnode
NE P

N & R % NNODES
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Repeat
S ¢ NODE(M); Int inputnode
Y& 1
Repeat
‘ Y& Y4l
W Wel
R & INPUT(W)~1

|
i

R{-.» R % NNODES4,remaining inputs
S ¢ S (OP) NODEAR)
Until Y > ICNT(X)
If 7Z=8 then ; continuityblock
Break to LABLE 11
Else
Begin
R& V % NNODES (4N
NODE(R) ¢ S
Increment N
Ircrement M

end (If)

Until N > NVODES
CALL SETFLT

LABLE 11% Increment X
end (while)
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Phase 3% Check for faults detected and list them.

X & PRINCN4INTICNT}S tarting count of output nodes
Cl- 9
" while X<NODNUM Do
begin
~ B& (%25 § index intc fault list
M& X % NNODES;

R & NODECM
; If fault free output value is ‘1

complement all words of this output node
If R< O then
begin
D& M
N 1
while N<NNODES DO
begin
increment D
S 4 NODE(D)
S 4~ COMPLEMENT(S )
NODE(D) ¢~ S
endy (while)

R4& COMPLEMINT(R)
end(if)

Z 4 NODNW x2; total number of faults
AL P

D& o

Rotate R

W& 17
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LABEL Z1%
increment D
decrement W
If RCO theny fault detected
begin
Increment A
FTDT(D) ¢ Df fault number

Increment B
end (if)

I£D > Z, then) all faults checked
begin
increment X
NFTDT(C) A3 total number of faults on this output
increment C
(Break to while Loop)
ends
Rotate R
If W0 theny this word completed

begin
Incxgenent M

R ¢ NODE(M)
W~ 18
end; (if)_
Go TO LABLE Z1
end}( while)

5« Restore saved Accunulators

Return to Main
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3,3 DEDUCTIVE SIMULATION

The basic algorithm used is given in section 2.3. The
preprocessing step is the sdme as in section 3.1. This section
deals with the data structures and implementation philosophy

of deductive.simulation;

3.3.1 Data structures useds

Since this technique involves propogation of fault
lists along with the true values during the fault free simula-

tion seperate data structures need to be created for:

(a) propogation of true values

(b) faults generated at each node

(c) fault lists at each node

(d) evaluation of fault lists at the outputs of a
gaﬁe, given the fault list at all the inputs.

For the true value simulation the data structures created
in the preprOcessing step are used. The new arrays created are

%X(I,J) and TVALUE(I ). Here X(I,J) gives the Input vectors
(or tests) to be simulated, TVALUE is the true value of a
node which is obtained during the simulation of a partioular
test vector.

To account for faults generated at each node a variable
¥FG is created for each node number., It stores the fault generated

at that node in accordance with its true value.
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The fault list at each node is stored in an array
FT, It includes the faults propagated upto that node and

also the generated fault,

For the evaluation of the fault lists at the gate
outputé the Union, intersection and complementation of
the fault lists of the faults lists at the inputs of the
gate need to performed, To enable these operations without
destroying the actual fault lists at the different the
temperory arrays -~ JFT, UFT, IFT and CFT have been created

to contain the intermediate results of these evaluations.

To output the information of faults detected the faults

detected in the previous simulaiion rhn are étored in PFT,.
The difference between FT and PFT i.e. additional faults

detected 2re stored in AFT,:

3.3.2 Algorithms for Deductive Simulation
| The MAIN program is same as the program for preprocessing
of the oircuit. The other routines in this program are SIMU, a
routine for each gate type. UINION, INTER,COMPLE, COMP@ and
COMPl., The Algorithmic flow of this routines is given below:
1., SIMU ¢ This routihe controls the whole simulation process
and outputs the fault detcotion information for each test.

It calls the routines for the different gates in accordance

with the TYPE of the gates The steps followed in this routine

are given belows,
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(i) (a) Read the number of input tests in XIN,

(b) Read the tests in X(I,J) with a row giving one
test vector. Repeat step (ii) to (v) XIN times for
each test in X,

(ii) (a) Assign the true values af all the primary

inputs into TVALUE(1) to TVALUE(PRINCN).

(b) Assigns the faults generated at the primary
inputs as ‘
if (TVALUE(J)=0) then FG(J)=2xJ~1(s~-a~p)
if (TVALUE(J)=1l) then FG(J)=2%J (s-a-1)

(iii) Call the routines for the different gates according to
the types until all the gates are simulated. The routines
return true values of the outputs in TVALUE(output node
number) and the faults transmitted upto and including
the outputs in FTI(I,J).

(iv) For the Ist test, copy NFT and FT for each primary
output into NPFT and PFT respectively. For the subsequent
tests compute the additional faults detected and store
them in AFTe Update PFT each time so that additional
faults detected for the next test can be computed.

(v)  Output the faults detected/additional faults detected
by each test at each primary output. Also output the

CPU time required to simulate the given no. of tests.
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Routines for the different gates

The routines for the different gates perform

the following functions =-

(i) Assign true value to the output of the gate

(ii) Call the routines UNION, INTER, COMPP, COMPL in
accordance with the true value of the output to
evaluate the fault list at the output. (Table 3.2).
For NOR and XNOR gates all the faults are propogated
so0 only UNION is calleds. '
In case of NOT gate and the CONTinuity block the
fault list at the input is propogated to the output,

(iii) Compute the fault generated at the output and include
this fault in the fault list of the output.

INPUTS QUTPUTS

A B AND - OR NAND NOR  XDR XNOR

0] 0 0] 0 1 1 0 1

o 1 0 1 1 0 1 0

1 0 0 1 1 0 1 0

1 1 1 1 0] 0 0 1

EVALUATION OF TRUE VALUE OF OUTPUTS,
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TABLE 3.2
\
TRUE VALUE e TYPﬁWOF GATE
OF QUTPUT .

AND(NAND) OR(NOR)  NAND(AND) NOR(OR) XOR/XNOR

Call Call Call Call
comp 1 comp 1 comp Comp ¢
Call
. ' Union
Call Call Call Call -

Inter Union Union Inter

=

ROUTINES CALLED BY EACH GATE

3« Procedure Union 1 This procedure evaluates the union
of the fault lists of the'inputs. °

NODE1 ¢ INPUL(I,1)
J& 2
Repeat
NODE2 & INPUI(I,J)
if NODEl=0 then
begin
UFT(K){~ JFT(NODEL,K) for all K
UNFT £~ NFTJ(NODEL) N
end;
Repeat
if JFT(NODE2,L)AUFT(K) then
begin
if k>UNFT then
begin
increment UNFT
UFT (WFT){ JFT(NODE2,L)
endy
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else

increment k
end}

else
begin ‘
increment L
K<§'l
end;
until L=NFTJ(NODE2)
NODE1<} 0
increment J

Until J = ICNT(I)

Copy UFT(K) into FT(output,K) and
UNFT into NFT(output)

Return

4. Procedure Inter! This procedure evaluates the
intersection of the fault lists of the inputs of the
gates,

NODEL1{~ INPUT(I,1)
JE2
Repeat
NODEZ(LINPUT(I,J)
JNFT 4= O
if NODEl £ © then
begin
IFT(K){~ JFT (NODE1,K) for all K
INFT {~ NFTJ(NODE1)
end;
Repeat
if IFT(K) A JFT(NODE2,L) then



begin
if L > NFTJ (NODE2) then
begin
increment K
L{-1
end,
else
increment L
else
begin
increment JNF'T
IFT(JNFT) (- JFT (NODEZ2,L)
increment K
L¢-1
endy
until K = INFT
INFT {~INFT

NODEL{ O
urtil J = ICNT(I)
Copy from IFT and INFT to FT and NFT respectively
Return |
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5. Procedure Comgple ~

This procedure evaluates the complement of a given
fault list.

Té& O
Repcat
if INPUT (I,G) > T then

increment G
unktil G= ICNT(I)

Initialize CFT(NOE,K)to contain all faults upto 2xT
NCFT(NDE) {~ 24T
K{~ 1
Repeat
if FT (NDE,L )=CFT(NDE,K)then
begin
decrement NCFT(NDE)
Mé&~ K
Repeat
CFT (NDE,M){~ CFT(NDE,M+1)
increment M
until M = NCFT(NDE)

increment L
K 1
end;
else
if K { ICNT (NDE) then
indrement K

until L = NFT(NDE)
Return,
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Procedure COMPA/COMPL -
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This procedure creates the temporary fault list arrays

JFT, for the input nodes of a gates. It call the procedure

COMPLE

K¢ 1

Repeat

NDE & INPUT(I,K)

if TVALUE (NDE) = 0(1) then

begin
call COMPLE
A€ 1

Repeat

JFT (NDE,A){~ CFT(NDE,A)

increment A
wntil A = NCFT(NDE)
NFTJ(NDE ){~ NCFT(NDE)
end,
else
begin
Ad~ 1
Repeat

JFT(NDE,A) & CFT(NDE,A)

‘increment A
until A = NFT(IDE)
NFTJ(NDE) & NFT (NDE)
ends
increment K

until K = ICNT(K)

Return,

\ﬂq$Qﬁ
(ontral Lisrary University 0

ROORKEE

f Roorhat
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3.4 CRITICAL PATH TRACING

This section deals with the implementation philosophy
of critical path tracing. The basic algorithm followed is

the same as shown in section 2.5.

34,1 Qgta Structufgg

This method requires more information about the circuit
from the preprocessing step fhan that provided by the pre=-
processing discussed in section 3.1. So additional informa-
tion needs to be specified in the circuit description about the
rumber of fanout free regions (comes) in the circuit and the
_inputs and eutputs from each cone. This portion of the circuit

is called cone description,

The cone description is given in a manner similar to the
gate description given earlier. The general record format is
<{cene no«>/<inputs>/<outputs>

“The inputs to a care can be either primary inputs or
outputs of fanout blocks, The output of a cene is either a
primary output of the circuitfor the stem of a fanout.bloc&'

ICON(I) has been used to give the number of inputs of
the ith ceme. CINPUT gives the inputs and COUT the output of
the care.

Since critical path tracing is a recursive procedure so
at each node a variable is neceded to identify the gate to which the
node is input/output and the care to which belongs., This is done

by INQDE,ONODE and CONE respectively.
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As recursion is not a standard feature of FORTRAN
so a 2nd order subscripted variable J(K(I)) has been used

used as a pointer to the level of the recursion.

Three boolean variables have been used for each node
in the circuit. These are STINPT, PROP and CRIT. STINPT gives
information about the sensitivity of a node. PROP is set if the
node propogate the effect of the fault under consideration.
CRIT gives the criticality of a node. Another variasble EXTD has

been used to identify cones that have already been processed.

3442 Algorithms for Critical path tracing

As in the case of deductive simulation the main program
comprises the circuit description. In addition it also preprocesses
the circuit to get information about the fanout free regions of

the circuit. The flow of the program is given below,

1. Extension of preprocessing for cone description.
The following segment is executed onl& if the circuit has
fanout,
i (a) Read the number of cones in NOCO
| (b) Read the cone description CONDES (I,J), each row

giving description of one cone.

iiy  Create CONCON simidar to CON in section 3elele ‘
iii, Create"ICON, CINPUT, COUT similarly as ICNT, INPUT

and OUT we created in section 3.1.2.
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In addition, INODE, ONODE, OCONE and CONE are

created as follows.

I{~ 1

 Repeat

K¢- 0
Repeat
increment K
L1
Repeat
if I = INPUT(K,L) then
INODE(I ){~ K
until L = ICNT(K)
Lé& 1
Repeat ;
if I = OUT(K,L) then
ONODE(I )& K
‘until L = OCNT(K)
Until K=total no.of gates
Repeat
Repeat v
if I=CINPUT(K,L) then
OCONE(I ) & K
until all input to ith cone are considered
until all cones are considered
Until all nodes are considered
CoONo¢~ 1
Repeat
NDE{~ COUT(CONO)
increment NC(NDE)
CONE(NDE, NC(NDE) )& CONO
I 1
HK(I ) ¢~ ONODE(NDE)
JI(HK(I))¢ 1
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Repeat
NDE {- INPUT (HK(I),JJ(HK(1))).
increment NC(NDE)

CONE (NDE, NC(MDE)) CONO
if NDE 4 CINPUT (CONO,L) then

begin
if LEICON(CONO) then
increment L

else
begin
increment I
L& 1
HK(I ) (- ONODE(NDE)
JI(HK(I ) )1
end, B
end
else
begin
if JU(HK(I)) <ICNT(I) then
increment JI(HK(I))
else
begin
if I > 1 then
decrement I
L& 1
end,
until I=1 and L =1

until all cones are considered.

2e SIMU ¢ This routine controls the fault free simulation
of the circuits On completion of fault free simulation
it hands over the control to TRACE. In all other aspects .

the routine is similar to that in deductive simulation.
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Routings for gates? The routines for the gates perform
the following functions.
1. true value evaluation of the output of the gate
iis Recognize sensitive inputs of the gate as shown
in table and set STINPT for them.
For XOR/XNOR gates all inputs are sensitive while
for NOT/CONT the input is always sensitive.
iii. Assign the level of the output node of the gate as

maximum level of input +1.

NO OF INPUTS- :
HAVING CONTROLLING SENSITIVITY
VALUE ‘ :
all inputs are sensitive
the input having controlling
value is sensitive -
>1 ' no. input is sensitive

TABLE 343,
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Ls Procedure TRACES This procedure controls the whole
process of identification of critical paths in the
circuit. It assumes that fault free simulation has already

been performed along with assigmment of sensitive inputs

and levels of the nodes?

Repeat the following steps fcr all primary outputs.
1, Initialization

RIT(I) - 0
EXTD(I){~ O for all nodes
PROP(I) (- 0

2« Store the current node in NDE
CRIT (NDE){~ 1
CALL EXTEND
3+ While the nos of stems to check £ O, repeat the
following
begin
NRE{ highest level stem to be checked
decrement noe of stams to be checked.
CALL critic
if CRIT(NDE)=l then
CALL EXTEND
end.
4.- Repeat
if CRIT(I)=1 then
increment NFT(output)
FP(output, NFE) (e FG(output)

until all nodes are considered.

5« Return
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5. Procedure EXTEND

This procedure is a.reeursive tree traversal prOceduré
to identify critical nodes within a fanout free region
starting with its output, The steps of the algorithm for
this procedure are given below, Since FORTRAN does not
have the recursion fecility so it has been implemented by
using a 3rd order variable J(X(I)).
l. initialization
I4&0
CONO ¢ omye no. of the present fanout free

region
EXTO (CONO) ¢ 1

équncrement b _
K(I){ gate no. to which NDE is output
if K(I) = 0 then
go to step 5

3. If NDE = any input of the present cone then

begin ‘

if NDE is output of a continuity block then
Add input of the continuify block to stems
to check

go to step 5

end,

else

begin

JK(I))= 0

go to step &4

endy
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Increment J(K(T))
NDE¢~ input no. J(K(I)) of gate mo. K(I)
if NDE is sensitive then

NDE ¢~ critical

go to step 1

endg
else

begin

if I > 1 then

decrement I
endj

if J(K(I)) < no, of inputs to gate no. K(I) then
go to step &4

if I > 1 then
decrement I
repeat step 5

Return

Procedure Critio
This procedure is for thc¢ stem analysis of stems to be
checked. Here the concept of capture time as explained
in section 2.4% The steps for the algorithm are enumerated
belovw,
1. Initialization
NFRONT{~ O
PROP(NDE )¢~ 1
CGIE { gate no. of the gate to which node is input
2. Repeat this step for all output nodes of CGTE
begin
if any cone to which the node belongs is extended then
if the node is not already in the frontier then

include the node in frantier
end;
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3+ Find the lowest level gate in the frontier.
Remove it from the frontier and store its of/p in FTYNOD

decrement NFRONT
FTY ¢ gate mos to which FTYNCD is input
Ly if NFRONT = O then
begin o
call PROPGT
-~ if PROP/output of FIY )=1 then
CGTE = FTY
go to step 3
end}
5. Call PROPGT
if PROP (output of FTY )=l then
if CRIT (FTYNCD)=l then
" CRIT(NDE)=1
Return

Erogedure Progog§§g~: This procedure is to check whether
faults on the FIYNOD are propogated by FIY. If yes, then
pROP(OUT(F’tLY,l )=l else PRCP (OUT(FTY,1) ).19. This procedure
uses the principle of implicit fault effect propogation
discuSSed is section 2.4. The steﬁs‘for t@e procedure are
outlined below,

1. if FTYNOD is sensitive then

Repeat for all inputs of FIY

begin

if the input is not sensitive but propogates faults then
go to step &4 :

end;

go to step 3.
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2. if FTYNOD does not have the controlling value then
go to step 4.
begin
if PROP(I )=l only for those inputs of FTY which
have controlling value of the gate then

go to step 3.
go to step &4

3. PROP(I)¢~ 1 for all outputs of FTY
Return

4, PROP(L)& O for all outputs of FIY
Return.

3,5 STATISTICAL FAULT ANALYSLS

This technique involves the calculation of probabilities
at the various -nodes of the circuit. For this initially fault
free simulation is done from which additional data at the
various nodes is collected. For the fault fréé simulation the

date structures created in preprocessing are used.

ONECNT, ZERCNT and SENCNT contain the data collected

from fault simulation. They give the one~count, zero-count and

the sensitizaticn count for each node in the circuit. From these
CONE, CZERO and S are calculated for each node. There are one-
controllability, zero~ controllability and the sensitization
probability. These in turn are used to calculate the zero

(BZERQ) and are observabilities (BONE)s

The probability of detection of a swa~f fault is given by
DONE and swa=l fault by DZERC. These are obtained by the product
of the controllability and observability. TP,XX, and FF are

intermediate structures for the evaluation of FC which givea
the fault coverages
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3¢5¢2 Algorithms for Statistical Fault Analysis

This program uses the circuit modelling program of
section 3.1ls without any modifications., Besides the fault

free simulation this method involves calculations which are

performed by the routine SIMU which also controls the fault
free simulagtions. The routine gives the results in the form
of fault coverage and C.P.U. time requireds The initial steps

are same as in deductive simulation. The additions are given
below.

Repeat
Initialization
BONE ~1

} for all primary outputs
BZERO~1

Repeat
if device type =1 then
Repeat

BONE(INP Y & BONE(OUT )JXCONE(OUT )/CONE(INF )
until all inputs are considered,
if device type = 2 then
Repeat
BONE(INP ) ¢ BONE(OUT )% (S (INP )=~CZERO(OUT) )/ CONE(INP )
BZERO(INP )} BZERO(OUT)®RCZERO(OUT )/ CZERO(INF )
Until all inputs are considered. :
if device type = 3 then
Repeat :
BONE(INP ) ¢~ BZERO(CUT )%CZERO(OUT )/CONE(INP )
BZERO(INP Y BONE(OUT )x(S (INp )-CZERU(OUT))/CZERO(INP)
until all inputs are considered : :
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device type = 4then
Repeat
BONE(INP )~ BZERO(OUT )1 (S (SNp )-CONE(OUT))/CONE(INP )

BZERO(INP } BONE(OUT) %CONE(OUT )/CZERO(INP )
Until all inputs are considered.

device type =5,6 or 7 then

BONE(INP) ¢ BONE(OUT)

BZERO(INP )¢ BZERO(OUT)

device type = 8 the

B1CONT & §

BPCONT & ¢

Repeat

BICONT¢& B1CONT + BONE(OUT)
BACONT {~ BHCCONT+ BZERC(OUT) ‘
until all outputs are considered
BONE (INP )¢~ B1CONT/ONT
BZERO(INP ){~ BPCONT/CCNT

until all gates are considered

Repeat

DONE(I ) ¢~ BZERO(I ) % CZERO(I)

DZERO(I )& BONE(I) x CONE (I)

WW(2%L )¢~ W(DONE(I ),XIN)

WW(2kI~1)¢ W(DZERO(I), XIN)

TP (2%I ) {~( (1,0 ~DONE(T ) Jss XIN)/Ww(2xI )

TP (2xI~1)€ ((1.0~DZERO(T ))xse XIN)/WW(2%I~-1)
XX(2%I, subset now) & 1.0 - T (2x1)
XX(2%I~1,subset nos){= 1,0~ TP(2KI~1)

Until all nodes are considered

Until 211 subsets are considered.



63

Repeat
INTER(1) ¢~ ((1.0-XX(KF,1))oe XIN)/W(XX(KF,1),XIN)
FF (for ,1){~ 1.0 = INTER(1)

Repeat .
INTER (Sn)¢~ INTER( Sn~1) % (1.0-XX(£fn,Sn) heeXIN

FF(f,Sn)¢~ 1.0 ~INTER (Sn)
Until all subsets are considered

Until all faults are oonsidered
Repeat

Repeat
IFC (Sn)¢~ IFC (Sn) +FF( fn,Sn)

Until 211l faults are considered
FC(Sn) ¢ IFC(Sn)/No. of faults

Until all subsets are considered.

PROGRAM LISTING

The listings of all the Programs developed has

been given in the Appendix.
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RESULTS

4.1 RESULTS AND CQNCLLF;IOI\BL

The techniques considered are - Parallel simulation,
deductive simulation, critical path tracing and statistical
- Thi
fault Analysis/hgge been implemented on the DECSYSTEM~2050,

Five different examples have been considered for each of the

methods implemented:

The results for all the examples are attached in
this chapter. The performance of all these techniques with
respect to C.P.U. time has beén obtained for all the examples.
Also the fault detection information in termsfbf the faults

detected/ fault coverage has been obtained.

The circuits considered are given in Figures 4.1 to
4,5, For each of the circuits the preprocessing informatioﬁ
which includes~- circuit description, node coding connectivity
matrix and‘fault coding has also been included.

The results in terms of the CJ.P.Us. time requirements
have been éummarized in table 4.1. It is rather difficult to
draw any discevwnable conclusions from this table, so it has

been analyzed in terms of certain circuit parameters.

The parameters on which the results depend have been
identified as- the circuit size i.e. the number of.gates~in

the circuit, the faults simulated and the amount of fanout
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“OR DEDUCTIVE SIMULATTON
kR R R R R AR R N Kk
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T2 ¢0v0906G69¢C0CQ
T3 ot gt g1LOoLod
T4: glotoalotlo

FAULTS DETECTION INFORMATION

e T R Tl adef ottt Pttt et e d s R e oot t

FAULTS DETECTED FOR T 1§

LI R L R X N TSN LRl Rl d o f Al b o X

AULT HO0.S DEYECTEL AT Z { ARE = 5, 33, 1, 19, 3,
FAULT HO.S DETECTED AT 2 2 ARE = 79, 81, 0,123,
FAULT L0O.S DETECTED AT Z 3 ARE = 93, 95, 11, 47, i3,
FAULT t'D.S DETECYED AT Z 4 ARE = 1%, 59, 17, 65,114,
FAULT r0.S5 DETECTED AT 7 5 ARE =129,

VAULTS DETECTED FOR T 2

ADDITIONAL FAULTS DETECTED AT 2 t ARE = 6, 34, 2,
ADDITIONAL FAULTS DETECTED AT Z- 2 ARE = 76, 78, 80,
ADDYYIONAL FAULTS DETECTED AT 2 3 ARE = 90, éz, 94,
ADDIFYIONAL FPAULTS DETECTED AT Z 4 ARE = 16, 60, 18,
ADDITIONAL FAULYS DETECTED AT 7 5 ARE =118,129,130,
FAULTS DETYECTED f9n~3_g )

ANDTTTONAL FAULTS DETECTED AT 7 1 ARE = 71,
ADDITIONAL FAULTS DETECTED AT Z 2 ARE = 1, §, 21,
ADDITIONAY, FAULTS DETECTED AT Z 3 ARE = 1, 5, 4,

87, 91, 99,

ADQITIONAL FAULYS DFPFCTLD AT 72 4 RAgrE =113, 1, 5,

77, 79, 83, 87, 91, 93, 97,101,105,

ADDI‘IUNNL FAULTS DETECTED AT 72 5 ARE =

25,

53!100'1

12,121,

25,

107,109,127,

20,
87,

96,

31,
21,

9,

1, 5, 13
73, 77, 7q 334 87’ 01' 33, 97 1911105 107 114, 115 119

FAULTS DETECTED FOR T 4

NO ADDITIONMAY FAULTS DETECTED AT 2 1
ADDITIONAL FAULTS DETECTED AT 2 2 ARE = 2, 24,
ADDITIONAL FAULTS DETECTED AT 4 3 ARF = 10, 46,

ADDITIUNAL FAULTS DEYECTED AT % 4 RRE = 14, 54,
8¢, 84, 9u, 92, 94, 98,

ADDITIUNAL FAULTS DET@CTED AT 2 5 AR = 18, 70,
7 80 8 '} 7 94‘ 2 g 98!1?4’103’108'1121
LVF[ AGEL FRULl LIST LENGTH ¢ 5.0769

T T D D T o v e e o o e
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32,

b,

6,

4,
Ty

l“?p

73,
31,
13,

17,

85,

24,
10,

10,

26,122,

35,

48,

32,
24,

14,

9,

14,

8,

73,

76,
3Z,

24,

41,

86

54’! 12?)’
66,104,106,108,110,128,

36,

17,

43,

43,

78,

a6,

32,

16,

79,

86G,
76,

46,

112
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RESULTS FOR PARALLEL SIMULATION
322331323223 E 2R X L

FAULTS DETECTED FOR T 1

o T gy T A G ey g g W% gy ap T g B S N O  OP TR R TSN

FAULT NO.S DETECTERD AT Z 1 ARE = 1, 3, 5§, 19, 25, 33, 72,121,

FAULT n0.S DETECTED AT Z 2 ARE = 79, 81,123,

FAULT #0.8 DETECTED AT Z 3 ARE = 11, 13, 47, 53, 93, 95,100,125,
FAULT NO.,S DCTECTED AT 2 4 ARE = 1%, 17, 59, 65,107,1¢9,114,127,
FAULT wO,5 DETECTED AT Z 5 ARE =129,

FAULTS DETECTED FOR T 2

T e i A Wt D O Y gy S R W YW S e O SR N PR e A e S e

ADDITIONAL FAULTS DETECTED AT Z 1 ARE 2, 4, 6, 20, 26, 34,122,
ADDIYIONAL FAULTS DETECTED AT Z 2 ARE = 7, 9, 35, 41, 76, 78, 80, 82, 86,12

12’ 14, 48’ 54' 90' 92[ 94' 96'126,
16, 18, 6&, 66!104'106'108p1]0'128’

ADDITIONAT, FAULTS DETECTED AT Z 3 ARE
ADDITIONAL FAuLTS DETECTED AT Z 4 ARE

H

ADDITYIONAL FAULTS DETECTED AT 2 & ARE =118,120,1390,
FAULTS DETECTED FOR T 3
ADDITIONAL FAULTS DETECTED AT Z 1 ARE = 7%,

i, 5, 8, 1o, 21, 31, 37, 42, 73,

n

ADDITIONAL FAULTS DETECTED AT Z 2 ARE

ADDITIONAL FAULTS DETECTED AT Z 3 ARE

70‘9' ’

1, 5, 8, 21, 31, 43, 713, 717, 79, ¥
ADDITIONAL FA”LTQ DETECTED AT 2 4 ARE = {, 5, 9, 13, 21, 31, 43, 55, 73, 7
79, 83, 817, 91, 93, 97,101,195,113, 1,
2
97,

ADUITIUNAL FAULTD DETECTED AT 5 ARE = 9, 13, 17, 21, 31, 43, 55, ¢
73, 77, 7%, 83, 87, 91, 93, 101, 105 107 111 115 119r

FAULTS DETECTED FOR T &

NO ADDITIONAL FAULTS DETECTED AT 7 1
ADDITIOMAL FAULTS DETECTED AT Z 2 ARE 2, 6, 24, 32, 85,
ADDITIONAL FAULTS DETECTED AT Z 3 ARE 2, 6, 10, 24, 32, 46, 76, 78, 80, f

#H

i1

ADDITTONAL, FAULTS DETECTED AT Z 4 ARE = 2, 6, 10, 14, 24, 32, 46, 58, 76, -
80, 84, 9¢, 92, 94, 9§, 2,

ADDITIONAL FAULTS DETECTED AT 2 5 ARE = 2, &, 10, 14, 18, 24, 32, 46, 58, °
76, 18, 8¢, 84, 99, 92, 94, 98,104,106,108,112"

TTHE TAKEN TO STMULATE 4 TESTS = 156 MS



RESULTS FOR CRITICAL PATH TRACING
AR R EFRARA AR R R RKREF R R R RRKRR KKK

FAULTS DETECTED FOR T &

FAULT NO,5 DETECTED AT Z 1 ARE = 1, 3, 5, 19, 25, 33, 72,121,
FAULT NO.S DETECTED AT Z 2 ARE 79, 81,123,

FAULT NO,S DETECTED AT Z 3 ARE = 1, 13, 47, 53, 93, 95,100,125,
FAULT NO.S DETECTED AT Z 4 ARE = 15, 17, 59, 65,107,109,114,127,
FAULT NO.S DETECTED AT Z 5 ARE =129,

FAULTS DETECTED FOR T 2

CE P YT LR TR LY Tk Rk Rl k kAl Rl

ADDITIONAL FAULTS DETECTED AT Z 1 ARE = 2, 4, 6, 20, 26, 34,122,
ADDITIONAL FAULTS DETECTED AT Z 2 ARE = 7, 9, 3%, 41, 76, 78, 80, 82, 86,12

i

H

ADDITIONAL FAULTS DETECTED AT Z 3 ARE = 12, 14, 48, 54, 90, 92, 94, 96,126,
ADDITIONAL FAULTS DETECTED AT Z 4 ARE 16, 18, 60, 66,104,106,108,110,128,
ADDITIONAL FAULTS DETECTED AT 118,12¢,134,

FAULYS DETECTED FOR T 3

. W U AR S AN N R W A S T acp TS D B e W OR e SN o

i

=
w
=
x
=
£}

1]

APDITIOMAL FAULTS DETECTED AT Z 1 ARE
ADDITIONAL FAULTS DETECTED AT Z2 2 ARE

11,
1[ 5’ 8[ 1{."[ 21’ 31' 37' 4?-’ 73! 7

i

"

ADDITIONAL FAULTS DETECTED AT Z 3 ARE i, S5, 9, 21, 31, 43, 73, 17, 719, ¢

1, 91, 99,

ADDITIONAL FAULTS DETECTED AT 2 4 ARE = 1, S, 9, 13, 21, 31, 43, 55, 73, 7
79, 83, 87, 91, 93, 97,101,105, 113, 1,

ADDITIONAL FAULTS DETECTED AT Z 5 1, 5, 13, 17, 21, 31, 43, 55, ¢
73, 17, 7%, 83, 87, 91, 93, 97,101 105 107 111 115 119,

FAULTS DETECTED FOR T 4

NO ADDITIONAL FAULTS DETECTED AT 2 1
ADDITIONAL FAULTS DETECTEND AT Z 2 ARE = 2, 6, 24, 32, 85,
ADDITIOQNAL FAULTS DETECTED AT 3 ARE = 2, 6, 10, 24, 32, 46, 76, 78, 80, ¢

»n

ADDITIONAL FAULTS DETECTED AT Z 4 ARE = 2, 6, 10, 14, 24, 32, 46, 58, 16, °
8v, 84, 9G, 92, 94, 98, 2,

ADDITIONAL FAULTS DETFCThD AT Z ARE = 2, &, 10, 14, 18, 24, 32, 46, 58, °
70, 78, 8¢, 84, %9, 92, 94, 98, 104 106,108, 112, .

TIMF TAKEN T0O SIMULATE 4 YESTS = 216 M§
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Circuit No, Parallel Deductive Critical Path STAFAN
1, 41 171 100 82
2 53 212 _114 93
S 95 270 112 - 103
by 83 266 121 119
De 156 397 216 171

CoP.U,TIME IN MILLISECONDS

TABLE
CIRCULT NO NO- OF NO .OF FANOUT
- GATES FAULTS
1. 15 52 6
2, 21 70 8
34 22 71 L
5. 36 130 12

CIRCULT PARAMETERS
TABLE 4.2
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in circuit. These parameters for each of the circuits

considered have been shown in Table 4.2,

The relationship between the C.P.U. time requirements
of the various techniques and the circuit size have been con-
sidered in Figure 4.6, From these curves it is apparent that
in general the C.P,U, time requirements increase with circuit
size for all the methods. The relative requirements of the
C.,P.U, time of the various methods can also be observed. It
is seen that parallel simulation is the most efficient. The
marked difference between the performances of parallel
simulation and deductive simulation can be assigned to the
fact that parallel simulation has been implemented in assembly
language while the other techniques have been implemented in
FORTRAN, As a result the logic gates ere simulated as simple
logic operafion'béfween fhe computer words while for other
techniQués subroutine calls specialized routines have to be
made. Critical path tracing and STAFAN show higher performance
efficiency than deductive simulation. This is because in
critical path tracing only the detected faults are processed,
while STAFAN estimates the fault coverage information

directly from the true value simulation data without exclusively

simulating each of the faults,

The average CoP.U. time/gate requirement for parallel

simulation has been calculated in the Table 4,3, The information

obtained from %his table is plotted against the number of faults
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simulated in Figure 4.7. This figure gives information
doout the C.P.U, time requircments as the number of passes
through the parallel simulation program increase., This is

because in ane pass only 36 faults can be simulated.

TRy g

Ckt. Nou. C.P,U,Time No. of Gates An., time
per gate

1, 41 15 2473

24 53 21 2.52

3 95 ‘ 22 4,31

b, 83 24 3445

5 156 36 4,33

CALCULATION 0. AVG TIME PER CGATE
FOR PARALLEL SIMULATION

TABLE 4 ¢

oy pa ey

Ckt.No. C.,P.U,Tine No., of gates CeP oV Avg. fault
, . ‘time/gate 1list length.

ST

1. 171 15 1145 4 ,6154
2 212 21 10.1 245429
3 270 22 12,23 843514
b, 266 24 11.08 3,333

Acoamy AT rDee
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PARALLEL SIMULATIONS
AVG. CPU TIME fGeATE V9. FAULTS 9IMULATED
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The efficiency of critical path tracing depends
upon the amount of fanout in the circuit. A sketch between
the CeP.U. time requirements and the number of fanouts in
each circuit is shown in Figure 4.8 for this technique. It
is apparent from this sketch that the time requirements

of this technique increase with the amount of fanout.

For deductive simulation the average fault list
length has been chosen as the parameter for performance
efficiencys. This is because as the average fault list length
increases the amount of processing required increases thus
increasing C.P.U. time required;.This is shown in Table 4.4
and Figure 4.9, where average C.P.U., time/gate has been
plotted against the average fault 1ist length.

To c¢valuate the performancé of STAFAN it is necessary
to check the accuracx of the fault coverage estimate produced.
This can be done by calculating the actual fault coverage from
the fault détection Information of the fault simulation tech-
niques and then comparing it with the estimated fault coverage.
This has been done in table 4.5 and Figure 4,10 respectively.
From Figure 4.10 it is evident that the curve is very close to
a $traight line with slope unity. It can be concluded that a
fairly good estimate of fault coverage is obtained from STFAN,
The accuracy of the estimation will increase with the indrease

in circuit size duc to the statistical nature of the technique.
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From the results it is clear that the basic advantage
6f fault simulation techniques over STAFAN are that they
give a complete fault detection information for the different
tests. However as the trend of VLSI circuits is increasing
statistical techniques like STAFAN become advantaééous because-
of the enormous inhcrease in the number of gates/ circuit and

an explosion in the number of faults to be considered.

P

*

Circuit Nos No. of Total noe Actual Estimated
faults of faults Fault Fault
detected coverage coverage

. 52 52 1,00 0.9283

2, 12 70 0.1714  0.1922

4, 56 a0 0.644 0.5846

5 95 120 0.730 0.7291

TABLE 445

442 SUGGESTIONS FOR FUTURE WORK

In this work the four main techniques have been considered

for combinational circuits using the single stuck~at fault
model. Suggestion for future extension of this work are

given belowe.
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The sequential ¢ircuits ocan be included using the
block array model [4]. |
Here only two logic values =~0/1 have been considered.

The work can be extended to accomodate multiple level
logice

‘The deductive algorithm implemented in this work is

the one suggested by Armstrong. This can be extended

to concurrent simulation by considering fault states

as suggested by Wrich‘ancl Baker.

Multiple stuck ~at faults may also be simulated.

The present wofk represents the problem of fault simulation
at the gate levels It would be very useful to extend this
to include‘fault simulation at functional level., This

will facilatete application to much complicated and',.
larger circuits.
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PREPRUOCESSING

pLiNo IMPLICIT INTEGER(A=Z)

puLon DIMENSION CKTDES(100,100),INDEX(10),NODEC100,2),1CNT(100) -
00209 1,0CNT(100),CONCI0G,4,100),TYPE(L00), INPUT(1060,10),0UT(100,10)
62300 2,8TYRE(8,4),CONECT(100,100) ,FLINUMC100,2),C0(100),CI(100)
L0a0n COMMON INPUT,0UT,ICNT,OCHT, PYPE/AREAL/PRINCN, INTCHT, PROTCN, NOGA,
2By LNODRUM

705549 OPEN(UNIT=21,DIRLOG)

20578 OPEN(UNIT=23,DIAL0G)

CI6uD DATA INDEX/'0',14v,12',73', 141,151,161 171,181,191/

1.6 DATA STYPE/'A', 100, UNY, PNY VX, 0, TR TC YN, YR, A, Y,
BLEUD 1RO, N, 000, 000,00, /N IR IR0, T N, 0,

(OTPYY 20,0, N/ R /0T

8 A DO 8 J=1,100

Pty DO 6 I=1,10¢

0i20e CKTDES(J,1)=! !

£125¢ CoNeCTIC(I, 1) !

DLR"C 6 CONTINUE

01400 & CONTINUE

01750 READ(21,%),HOGA

21759 WRITE(23,10),N0GA

AN ST B FORMAT(1X,'N0, OF GATES =',12)

n1959 WRITE(23,30)

22030 3L FORMAT(1X, 'CIRCUTT DESCRIPIION'/IX, 'mecemresncrcnnemnemm—em )
n2.0 READ(24,4C) ((CK¥DES(J,1),1=4,160),u=1,NOGA)

022y 4g FORMAT(100A1)

023.9 WRITE(23,35) ((CKTDES(J,1),151,50),J=1,NOGA)

02400 35 FORMAT(1X,50A1)

G257 DO 33 J=1,N0GA

0260 nn 42 1=1,100

02749 DO 41 6=1,10

2284y IF(CKTPES(J,1).0Q,INDEX(G))GD TQ 38

n2e.n GO TO 41

230 38 CKTDES(J,I)=G=}

03110 DO 39 A=1,10

03241 1IF(CKTPES (J,141) ,EQ.INDEX(A) JCKTDPES(J,I)=CKTDES(J, 1) %10+ (A=1)
0330 29 CONTINUE

r3440 4y CONPINUE



¢35L0
03647
03740
0380
039
AL SRS
1)
042y
0430
GAA N
C45 1y
046 0
0AT e
nasLQ
5491010
05 v
phion
H5207
upB 30
uh4an
G551
n56 1N
657749
nhRn g
45997
BeT A0
N6y
067 10
w63 )
n6an
06520
6660
2670
2680
w690
N7

2719
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PREPROCESSING

42
43

5

60

110

120

CONTINUE

CONTINUE

PRINCH=(

IHTCHT=0

PROTCH=Q

N0 90 Js1,NOGA

DO ge I=2,100
IF(CKTRES(J, 1) .ER, "X )GD TN 56
IF(CKTDES (I, 1) LEQ'CT)GD TO 60
TF (CKTDES(J,T) . EN,'4')GD T0 70
GU T 4D

TF(PRINCN LT, CKTOES (W, I+1 ) IPRINCN=CKTDES(J,I41)
GO T 9o

TFCINTONT JLTLCKTDES (I, T+ L) JINTCHT=CKTIDES (\J, [+1)
GO TO 89

IF(PRATCN LT.CKTDES (J, X+1) )PROTCN=CKTDES (J,I+1)
CoNTINUE

CONTINIE

DU 120 I=1,NOGA

D=1 '

J=9

eS|

NENES

IF(CKTDES(I,d).NE,'/")G0 TO 110
COn(L,n,N)=CKTDES(I,4)

ND=D+1

IF(D.ED,5)G0 TO 120

NESY

GD TO lue
CONCI,D,N)=CKTRES(1,J)

N=N+1

G TO 1006

CONTINUR

NO 196 IS1,NOGA

ICNT(I)=0

UCNT(I)=0

DO 18¢ D=2,3
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372,95 =9

07309 130 Heli4 4

37453 IF(CONCL,D,N)LEQ,'XV)GD TO 140

w7577 IF (CONCL,D,M),.EQ,'C'IGD TO 150

3765 IF(CON(I,D,0).EQ, 121160 TD 17¢

977 .3 IF(CONCI,D,H),EQ, ' /1)IGO TO 180

A78.9 GO TO 1390 '

378992 1490 IF(D.EN,3)G0 TO 798

17949 N=fN+1

SBuLn ICNT(I)=ICNT(I)+1

8100 MODEC(CONCI,D,N), )= X!

982 3¢9 rFope(con(g,dD,N),2)=CONCI,D,N)

78370 LNPUT (I, ICNT(I))=CONCI,D, )

R4 G T0 139

38500 150 H=N+1

867,45 WIDE(C(CON(L,D,N)+PRINCN) ,1)="C!

873 NODEC(CONCY, D, d)+PRINCN) ,2)=CONCI,D,N)
18R 39 IF(D.EQ.3)GO T 160

33859 crccon(,o,N))=1

08971 ICNT(I)=ICRT(1)+1

097y INPUT(I,ICNT(I))=CONCL,D, H)+PRINCH
491, 9 GO TO 1390

29159 160 Co(Ccontr,n,H))=1

6922 QCNT(L)=0CNT (L) +1

a93rn OUTCY,QCHNT(I))=CouCL, D, N)Y+PRINCH

n94Gh GO TO 139

79453 170 1IF(D.EQ.2)GO TU 700

09537 Nzt

596¢ 0 QCNTC(T)=0CNT (1) +1

397ce T (I, OCNT(I))=CONCI,D,N)Y+PRINCN+INTCNT
09810 NODE((CON(I,D,N)+PRINCN+INTCNT) , 1)="'7%"
399 NODEC(CONCI,D,N)+PRINCN+INTCNT) ,2)=CON(CT,D,N)
10740 GO TO 13¢

1717 18¢ CONTINUE

102,90 19¢ CONTINUE

16292 DO 701 K=1,INTCNT

1224 IF(CI(K),NE,CO(K))GO TO 760
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7614

195

Z2ud)

210

245

216
211

212

214

215

515

CONTINUE
NODNUM=PRINCN+INTCNV+PROTCH

WRITE(23,195)

FORHATCLHL, 1X, "NODE CODING'/1X, ' ==mmm=m=ae=!)
N=NODNUM

NM=y/1¢

DO 210 P=1 NN

PP=(P-1)%1041

LL=PP+9

WRITE(23,260) ((NODE(L,J),d=1,2),1=PP,LL), (I, 3PP, LL)
FORGAT(/1X, ' SYHROLIC CODE ', 10(A1,12,3X)/1X, 'NUMERLC CODE °
1,119(13,3X))

Mep=~10

IF(H.r'Q.0)G0 10 21t

CONTINUE

NRTTE(23,205) ((NODE(I,J),J=1,2),1=LL+1,NODNUM)
FORMATC/1X, 'SYMBOLLC CODE ',10(A1,I2,3X))
WRTTE(23,206) (1, I=Li+1,NODHIM)

FORMAT(1X,'NUMERIC CODE ',10(13,3X))

DO 215 I=t,NOGA

DO 214 K=1,8

PO 212 J=1,4

IF(CON(L,4,d)  EQ.STYPE(K,J))60 TO 212

GO TO 214

CONTINUE

TYPE(1)=K

GO TO 215

CONTINUE

. CONTIMUFE

WRITE(23,515)

FORMAT(LHE ,1X, "CONNECTIVITY MATRIX'/1X,'=remvcacemmumanmeen!)
DO 411 F=1,HODNUM

N=F/19

CONECT(1,F42)=INDEX(N+1)

CONECT(2,P+2)=INDEX(F=N*1041)

CONECT(F+2,1)=)NDEX(N+1)

CONECT(F+2,2)=INDEX(F=N¥104+1)
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10613 411 CONTINUE
1ug14 DO 421 F=1,00DNGM
10018 DO 433 G=1,NOCA
T LUR1LE DO 415 H={,ICNT(G)
tu81R IFCINPUTCG,H) JNELFIGO 10 41%
1.87% CONECT(F+2,0UT(¢,1)+2)=INDEX(TYPE(G)+1)
17829 GO TO 421
1LB22 415 CONTIHUR
\LAZL 413 CONTILUE
{2B2R 421 CONTINUE
{.829 DO 419 I=1,NODNUM+2Z
839 ARITE(?3,417) (CONECT(I,Jd) ,d=1,NODHUM+2)
11832 417 FORMAT(1X,70(AL))
11932 419 CONTINUE
1187 wRITE(23,217)
11920 217 FORMAT(LHL, LX, 'FAULT CODING'/1X,'=eommmncneme!)
1273) DO 245 I=1,NOURIY |
12100 DO 24¢ K=1,2
12229 Z=K=1
12335 IF(Z,E0,0)60 70 230
1247 FLTNUM(T,2)=2%)
125%) GO TO 246
12659 230 FLTAUG(L, 1)=2%Tn1
129730 240 CONTINUE
13000 245 CONTINUE
13071 N=NODNUM
13422 BN=N/19
13¢.3 DL 542 Y=1,NN
13944 S YY=(Y~1)¥1041
1304 HM=YY49
130573 WRITE(23,302) (L, I=YY,MM), C(FLYNUMCT,Jd),1=YY,NM),051,2)
13076 302 FORMATC(/1Y, "NODE NO,',10(13,3X)/1X,'8=A=0  ',10(13,3X)/1X
13177 1,'5=A=1 ', 10(13,3%X))
13¢78 N=N~17
13040 1LF(RLEQ,0)GD TN 209
13197 542 CONTINUE

13434 WRTTE(23,445) (T, T=MH+1,NODNLIM)
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13112
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13150
13175
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PAGE:

PREPRGCESSING

445

555
9.9
ACH
702
77

FORMAT(/1X,"BODE NO,',10(13,3X))
WRITE(23,458) (FLTNUNCT, 1), T=MM+1, NODNUHM)
FORMAT(1X, 'S=A=0 ',10013,3X))
WRITE(23,55%5) (FLTHUMCL,2),I=Mn+1, NODNUM)
FORMAT(1X,'S~A=1 ',10013,3X%))

GO TO T¢7

WRITE(23,70%2)

FORMAT(1X, 'ERROR IN INPUT DESCRIPTION')
sTop

EMD
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PARALLEL STHULATION :

ot WS- g 0 T S B0 s B S et T Ve D g Y oer T s Wy Wt oy N e TN Wt B T ST g e A ot W S A B g WO O U g W oy L W N S e v e SO v st SO 0

TITLE PARALLL
SEARCH MOJSYM
IMTERI PATLSIM
ENMTRY PALSIM
RADIX 1¢
LCOMAUN AREAL (23001
LCOHNMON APEAZLS]
LCUMMON AREA3 (27001
INPUT=ARAANL
DUT=TINPUT+ D100
TCNT=0UT+2D1000
QCNT=ICNT+ DG |
TYPESOCRT+2D100
PRINCN=AREAZ
TUPCUT=PRINCNY- L
PROTCu=TJITCONT+1
NOGASPRUTCHN41
AONDN=UOGA+ L
FTDT=AKEAR
AFIDT=FTHTH2500
TVAL=HFTDT4 108
A=l
R=2
C=3

N=4



nlgry
139450
UL A
el o
BT Y
TR
nNdann
A5 an
A6
wATH
JABDO
JAT Y
NseLN

S6AYG
naTen
uBgen
J565n

)6 ,n.“:

PARALLEL SIMULATION

N=1i4

SREGs RLNCK
HODE 2 BIOCK
NNODES: »

TABLE: n
AND
T0R
AND
10R
X0OR
XOR
SETCM
CALL

25
199¢

8§, NUDE(R)
S, NODE(R)
S, NUDE(R)
5, NOUDE (R)
5, NODE(R)
$,NODE(R)
5,8
CONT

OPDEF CALL [PUSHJ P,

OPLEEF RET  (PORJ

STKhER==10

B,]

STACK:  BLOCK STKLEN

PALSIN: KOVEN
HOVET
RIT
MUVE

PHASEL: SETZ
MOVET
HOVEM
CAML
JRST
MOVE
CAIE
SETC
MOVE

15, 8REG+1S
15,8REG

P,LI0WD STKLEN,S8TACK]
X,
A,7
A,NNMADES
X, PRINCH
PHASE?R
Y, TVAL(X)
Y,o
Y;
A, X

PAGE:
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2757
27605
Y170
TR,

XA TN

%0
g8

DRI
uB3e
JR4en

85 o PHASEZ2:

i\gﬁlz')

87 o

—F

JE8 90
negny
R IV
91,0
3928

SALKEPLA

L9947
1hnn)
100
10200
12300
padee
195°¢
1600
1y
L8
1900
11.0

) I 3

PARALLEL SIMULATION

FH12:

PRAZ:

PH21:

MOVE
THUL
SETZ
MOVEM
AQJ
AN
CAME
JRST
CALL
AOLIA

SO

CAML
JRST
4OVE
MOVE
MU
HNVE
MOVE
S04
Sl
SET7
MOV
L1y,
AR
MOVE
MOVE
IMULY
MOVET
AN.T
ADJ
MOVE
S0
1Muy
ADD
Xcre

1, 4HODES
o, X

Nl

Y, HUDE (M)

N,NNUDES
PHL2
SETFLT

X,PHASEL+1

X

X, N0GA
PHASE3

W, X

Z,TYPECX)

W,10

R, IMPUT (W)

V, U0 (W)
vy

RI

N,

M, NNUDES
M, R

Mg 0

S, NODE(M)
W, X

w,10

Y,1

Y,

,

K, INPUT (W)

R’
R,NNODES
R, M

TABLE(Z)
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PARALLEYL SIMULATION

11214
11300
11300
1159
11600 PH221
1. WD)
11860
1190
1200,
12100
12200
12300
12404
12500

12670

a2 B
Sy

1280¢C
129¢n
13000
13100
13200 PHF
13362
13400

e

212

13560 PHASE3!

1360y
13702
13849 PH33:
13900
LAcan
[ PAT
14200
14300
1140
14500
1Yo
1A7H0
1480 PH3A:

CAIN
JRST
CAMGE
JRST
MOVE
THUL
R
CAIM
SETCH
CATN
SETCM
CATH
SETCH
MOVEN
AL
ADJ
CAME
JRST
MOVE
CALL
ADJA

HOVE
ADD
SETZ
ChML
JRET
MOVE
ITHULY
MOVE
THUL
HOVE
JHMPGE
novy
SET?7
ADY

7,9
PHE2

¥, ICNT(X)
PH21

R,V

R, MNODES

R, M

7,3

§,5

7,4

S,8

7,6

5,85

8, HUDE(R)

N,

M,

M, HNODES
PHA2

A,V
SETFLT

X, PHASE2+1

X, PRINCHN

X, INTCNT
o

X, HODNUM

PH34

B,C

B,25

M, NNODES
M, X

R, 0D

‘R,PH3N+1
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14900 Caml f,NNODES
15790 JeaT PH3R
151 AL D,

157 0 movy 5, NUDECD)
153, SETCHK 8,5

154, MVEHR S, HODE(M
155 JEST PH3A
156, PH3u: SEYCM R, R

1577) #HOVE Z, NODNlp
138", LI 704 2

159 o SETZ A,

1600, Sy, n,

161 KT R,1

16200

163, MOVET W, 34
16&en SKIPA

165, MOVEI W34 ’
166" AA: oN] W,

167 Ay D,

1680 JUMPGE R, AAL
16Qu0 AOL A,

{7¢nn HOVEZM D,FTRI(R)
1717 AL B,

17255 Ant: CAML n,?

LIV TN JRST RR
17400 ' ROT R, 1

17500 JUMPG W, AR
1760 ADY] M,

17770 MOve R, NODE ()
17680y JRST Ad=],
17900 BK: MOVEM A, KFTDPT(C)
LTI AT c,

18849 AOJR X,PH33
1924 ) PH34; MOVST 15,SREG
1839y BrT 15,15
yHAL D POPg 15,

LRSS SKTFLT: CATLE A, 17
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18617 JRST STF2
1870 HOVE B, [POINT 2,NUDE, 2!
188.n MOVE, Ceh

189 0 Ty, C,NHODES
190,10 STF1: ADD 8,C

1915y ADJBP AL

19273 MOVET  C,1

19378 DPR C,A

19410 kiT

19530 STFZ: MOVE C,A

19690 Ly, C,NNODES
19700 ADg C, .
19849 BOve B, [POINT 2,K0DE, 1]
1991¢ SUBI A, 47

20078 JRET STF1
20497

20200

24359 CONT: . SETZ W, :
20405 MOVE 5,NODE(M)
20550 KOVE v,0CuT(X)

20h 30 . MOVE W, X

20T IMULT W, 10

2h83y (NP2t MOVE R,0UTCH)
27919 50 K,

210 IMUL R, NNODES
72119y ADD R, N

2129 MOVEM S,NUDE(R)
213 MO W,

2140 SOIGE V,CNT2

21510 AL M,

21690 LYSNEE'

2700 CAME W,NHODES
218008 JRST CONT+1

21690 MOVE Vv,0CNT(X)
22400 MOVE W, X

22170 TaNLI w,1¢

2770 CiT3z  MOVE A,0UT(H)
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b3
N
bos
<

N
fa ]
KN
>

o
-

=d

M
n
-

513
224 )
22710

22830
:_!29‘41‘

a3enn END

N A,
CALL SETFLT
Alg W,

SUIGE v, CNT:
RET
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FAGEE 1

DEDUCIIVE SiMuLATION
00100 C::::::;:;:::;:;:;:::::::::::z:=::=§g=::::::==:===::=:::::=;:=;=:
00200 ¢ FAULT FXEE S1ADLATLUN -
00300 S e e e e e e R ]
00400 SUBKOUTLNE FESLAY - -
10500 C XLNBU. OF LNPUL SEYS TU BE SIMULATED
00600 C KLL,0)S4TH NPUT SET’S JLn PRINARY LNPUX
00700 INPLICTL INTEGER(A=Z)
00800 REAL FRACL, 1UX
Ce900 DIMENSIUN ngiglou)logN@g}OUQ,?XP?S}OU!,IQEU?SIOU,JU{
21000 I,TYAQU§§100{,F@S;OO,gOOQ,FEE§OUQ,NE@&IUUQ,;§;0@§,10{
01100 Z,JFTEIUO,ZUOQ,ﬂF¥QEIUOQ,9F$QIUUIZUUQ,NEF¥El00),ygg?vu)
01200 $,00T(100,10) PET(25,100) ,NPEL(25) AFT(25,100) , KA T (23)
01300 CUMMON ANHU¥,QU?,§I,IgNy,ng%,NET,Fg/@%gA%/TXE@)Q;GA,PR;NCN
01400 1,INTENy,ERUTQN,NQQQUﬂ/QRyAZITXqug,l/AR?A}}JFT,N;I;/AééA;;
01500 2CFY  NCE L/ AREAS /NDE T
01600 READ(Z1,%) ,X4iN
V1700 READ(£1/%) ((X(T,d) =1, PRINCN) , L=1) KIN)
01800 WRITE(22,80) B
01900 89 FURMAL(5X, "RESULTS FOR DELUCTLIVE SIMULATIUNT/S5X,"¥
02400 1?'1 | S T T
02100 WRITE(22,90)
g220¢ 9¢ FURMAL(//5X, "TESTS SIMULATEU"/DX, Ss3=S=S==z=3=5337)
02300 | DU 110 5=1,XIN ‘ o ) o o o

,02490 W@ITEE2?,IUQQ,S,g%g?,g),dml,EKlHCNQ

02506 100 FORMAL(OX, 17, 12,7 3 ',1§(123;5“
02600 119 - CUNTINUE o
0Z70¢ WRITE(22,98)
C2800 94 FURMAL(//5X, "FAULTS DETECTIUN INFURMATIUN®/5X,f=czz==zzz=
02900 1::::::;:;::::::::;:::'/)ﬁ ...... » T -
03000 purseRINCHSLNICNT
03100 CALL LINKK(LLHEL)
03Z20¢ DU 1000 Y=1,XIN
03300 DU 280 J=1,PRINCN
03400 TYALUE(JI=X(Y,J)
03560 NET(J)=1 -
U3600 IF(TVALUE(J).£Q.0)GU TO 200

03700 FGQI)=2%0m1
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03800 GU 10 263

03900 260 FG(J)=2%y

04000 263 FIW,1)ZFUCI)

04100 280 CONTINUE

04209 1=1

04300 300 GU TO (310,312,314,316,31¥,320,322,324), TYPE(L)

04400 310 CALL UAND

04500 GU TO 34¢

04600 312 CALL LOK

04700 GU 10 340

0480C 314 CALL LNAND

04900 GU 10 340

05000 316 CALL LNUR

05100 GU 10 340

05200 318 CALL LXUR

05300 GO 1O 340

05400 320 CALL LXNUK

05500 GU F0 340

05660 322 CALIL UNUY

05700 GO 10 340

U5800 344 CALL pwCunt

05900 349 I=1+41

06000 LF(I.LE.NUGAIGO TU 300
- 06100 WRIXEL22,499),Y

06200 499 FURMAL(/5X,"¥AULTS DETECYED FUR 17, 12/5%,7==n=nomses=

06300 (CLELLIITITTTLEAS

Ce400 DU 350 £S1,FRUTCN

06500 BEPUT+P

06600 IF(XL0T41)60 10 388

06700 DU 489 H=1,NET(B)

06800 PETLP HI=ET(B, H)

06900 . FCCHI=FLLB, H)

07600 438 CUNTINUE

07100 NEFR(PISNETLR)

01200 GU TU 28H

07300 348 NAFT(K)=0

07490 DU 458 GG=1,NKT(B)
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DEDUCIIVE SiMULALLON oo
07500 by 348 nH=1,NRFI(R)
07600 LE (BFE (e, HH) L EQLFT(8,66)) 60 TU 359
0?700 3?8 CgNTlﬂug
07400 NAFT(R)ZNAKE(R) )
07900 AET (P NAETLP))=FT(B,G6)
08000 358 CUNTINUE
8100 ' IF(NAFTLP) . EG.0J6U 10 721
08200 DU 68Y =1, NAFT(P)
04300 PET(P NPEE()4E) ZAFL(E )
08400 649 CONYINUE
08500 NEET(RINRFI(R) $NAFL(P)
08600 WKITEL22,099) 8, (AFL(R, L), C=1,NAFT(R))
08700 699 FURMAL(/SK,"ADDATLONAL FAULLS DETECIED AT 27,13,7 AKE =7
0BBGO 1,25043,7,7)) )
089G 0 GO TO 550
09000 721 WRITE(22,/22),P
09100 GU TU 550
09200 722 FURMAL(/5%,°NQ ADDLITUNAL FAULTS DELECTED AT 47,12)
09300 288 WRITE(2Z,500),8, (FT(B,C),L=1,NFL(B))
09400 500 FURNAT(/5X,"FAULY NU.5 DELECTED AT 47,13,7 ARE =7,23(13,%,7))
09500 550  CONTINUE | | ’
09600 1090 CUNTINUE
09760 CALL TIMER(TLIMEZ)
09800 TIME=TIMEZ=~YLIME]
09909 WRITE(2Z,1001),X10, INE
10600 1001 FURNAT(//5K,”XINE TAKEN Ty SLWULATE 7,12,7 TESTS =7,15,7 M5/
10100 1§X,'§=§=;=;==;;=:=:=:==;:=;=g;;====f! _ ’ )
10200 RETURN - |
10300 END
10400 c::::::;:;:::;:;::::::::::::::::=:=§?§?é================?========
10590 C RUUTINE FUR AND GAZE - -
10600 C:Z::::;:;:::;:::;:::::==::======:==:=:==:=:;::::::::::::::::::z:
0700 sgggggTégg Ao . L LT nTnIEmE T A
10800 INPLICIT INTEGER(A-A) |
10900 D{MgN?IHN ;ﬁRgTQIUO,IU),QETEIOO,IO),{?SlOU,?OO),fgmgglovq,
110060 19CNT£100!rNFf€1001rFﬁﬁluulpﬁYAHQ§§10U2;C{TQIOO,?OOQ;

11100 ZNCFT£1002,9q¥€100,200);NETJE1902
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DEDUCYIVE SIMULATLON

11200 CORMON ANFUT,UUT,#T, XCNT, UCNT NET ,FG/AREAZ/ TV ALUE, 1/ RKEAS/UET,
11300 INFTJ/AREA4/CET, NCFL/ARKAD/NDE |

11400 DU 10 J=1, LENT(D)

11500 ¥ (RVALUELLREUTCL,9)) UL 0DGU 10 50

11600 10 CUNTINUK

11700 TYALOE(UUL (L, 1))51

11800 CALL COMPO

11900 CALL UNLUN

12000 FOLOVL L, 1))=2FOUTCL, 1)1

12100 GU T0 9u

12200 59 TVALUE(DUT(L,1))=0

12300 C@LL EQMPI

12400 CALL LNYEK

12500 FGOUL(4,1))=2%0UTCL,1)

12600 99 NET(OUTLI, 1)) =NFTLOUT(T, 1)) 41

12700 FLLOUT (L, 1) NET(OUT(T, 1)) =FG(OUT (L)1)

12800 RETURN

12900 Eup

13000 Csssssmssssssssssssssssssssssssssssssasssssssssssassssssessssssas
SR =sszzasssssass mass
15200 ¢ KOUYINE 1U SIMULATE DR GALE

13300 C======?=?===?=f=?=============*====????===============”===3==3==
13800 SUBKOUTLNE LUK |

13500 LABLTCIT LNEEGER(A=L)

13600 DLMENSIUN INPUT(100,10),0UT(100,10),FL(100,200),1CNE(100),
13700 1UCNTL100) ,NET(100) ,FGL100), TVALUE(100) ,CET(100,200),
13800 ZNCFTL100) kT (106, 200) NFTU(100)

1300 CUMKON LNEUT, QUL 1Y, ICHT, UCNT , NET, FG/ AREAZ/ TVALUE L/ AREAS/ VLT,
14000 INFTJ/ AKEA4/CET, NCFL/AREAD/NDE

14100 b 10 JS1, LONE()

14200 LE(IVALYE (LWPUT (L) B 1)GO U 50

14300 1v CUNTINUE

1300 FYALUEUUE (L, 1))=0

14500 CALL COP1

1‘%690 CI}I.;L: ;{N,LUN

14700 FGLOUE(4,1))=200UT (L, 1)

14800 GU 10 90



14990
15000
19100
15200
15300
15400
1§500
15600
157649

50

15860 C

15900
16000
16100
16200
16300
16400
10500
16600
19700
16800
19900
17000
171690
v1?200
17300
17400
17500
1?600
17700
17800
1?900
18060
18100
13200

10

8¢

10

DEDUCYTIVE SLMULATLIUN

SUBRDUTLNE DNAND

PAGED 5

TYALUE(UU(L,1))51

C@LL SU@PU

CALL LNIEK

FGLUUT(L,1))=2R0UL (4, 1) =1
NET(OUT(L 1) )=NET(UUT(T 1)) 41

FECOULCL, 1) NET(OUTCT, 1)) =EG(OUTLL1))

RETURN
KD

IMPLICIY INTEGER(A=Z)

DIMENSIUN INPUT(100,10),0UT(100,10),FL(100,200),1CN2(100),
LOCHT (190), NEX(100),FG(190) , TVALUE(100), CET(100,200),
2NCFT(100),JFT(100,200),NFTU(100)

CURMON LNEUT QUL KT, TCNT UCNT NET FG/AREAZ/LVALUE ) L/ AREAS/ULY
INFTU/AREAS/CET, NCEL/AREAS/NDE “ | |
PO 10 J=1,1CNT(I)

LE CXVALUE CLNPUT(L,J)) (EUL0)6U TY 50

CUNTINUE

TVALUE(UUS(1,1))=0

cgu@ compo

CALL, UNLON

FGLOUL(L,1))=2#0UL (L)1)

GU 10 9¢

TYALUE(UULCL, 1))

CALL COMPY

CALL LNYTEK

FGLOUL(L,1))=2¥0UL(L,1) =1

NET(OUTLE,1))SNET(OUTLT, 1))41

FLLOULUL 1) NETCUUTLT,1)))=KGLUUTLT, 1))

RETURN
END
RUUTINE TU SLMULATE NUR GATEH



1@&00
18700
18860
18900
19000
19100
19209
19300
1?&00
19540
19600
'1?700
19800
19900
20000
20100
20200
20300
20400
20500
20600
24769
20840
209¢0
21090
21100
21200
21390
21409
21500
21600
21700
21800
21900
22900
22100
22200

PAck: e
SngUgTiNF éﬁdR
IMPLICTY INTEGERCA=Z)
DIMENSTUN INPUT(100,10),U0T(100,10),FE(100,200),LCNT(100),
1UCNT (100, NFT(100) ,FG(100), TVALUE(100),CFI(100,200),
2NCFTU100) ,JET(100,200) , N TJ(100)
COMMON INEUT, QUL ET, ICNT UCNT RET, FO/ARKAZ/LVALUL, 1/AKERS/UET,
ANFTU/AREA4/CET,NCFL/AREAD/NDE
DU 10 J=1, 1CNT (L) |
IECIVALUBLINEUTLT,J0) B 16U 21U 50
10 CQN?IQUE
TVALURLDDLLL, 1) =1
C@LL compi
CaLL unLUn
FUIUUTLL,1))=2%001LL, 101
GU 10 9v
S0 TVALURC(UULLL, 10320
CALL LOmPo
CALL LINTEK
FGLUULCL, 10022 0uTLL, 1)
a0 NETCOUTLL, 1) I=NETCOUTOR, 20041
FLLOULCL, 1), NETCOUTLT, 100 =6 LuuT (L, 1))
RETURN
END

r . v St g TR P B WD gy e AR WA TR WD deis T gy (N B s e G S T vt W W W D i e kA ki A e I gy T s SR e W gy, T i N i e M S s O bt g S A o M o e

SUBKOUTINE DCONL

INPLICIY LNIEGER(A=L)

DIMENSIUN INPUT(100,10),UUT(100,10),FL(100,200),1EN1(100),
10CNT (100), BFT(100), FGC100) , TYALUE100) , CHE (100,200,
ANCFTL100) ,FE(100,200) 5TV (300)

CUMNON ARPUT,UUT £, 1ENE, UCHT NET  FG/ AREAZ/ LVALUE L/ AKEAS/UE L,
INFL/AKEAS/ CET, NCF 1/ AREAY/ D

DU 25 911,0ENT (1)

NETCOUTUI,01))=NFTUNRUL L, 1))

DU 15 JZ=1,NFT(INRUT(L, 1))
FELOVE(L,91),02)ET(INPURLL,3),02)



22300
22400
225¢6€
22600
22700
22800
22909
23000
23100
23200
23300
23400
23500
23600
23700
23860
23900
24000
241¢0
24200
24300
24400
24500
24600
247v0
24800
249¢0
25000
25100
29200
25300
25400
29500
25600
25700
25800
25990

FAGE: !
DEDUCTLIVE SLMULATLAN o

15 CUNTINUE
2? CQNTIQU?
IEFTV@LE§E1N29T51,14).EQ.U)EU Tg ?O
Du 19 J=1,U?NT(1)
TVALUE(UULLL,9) ) SIVALUELLNPUTLL, 1))
Féguuggi,uj4=2*uuygi,q)-1
MET(OUT (L, 0) )=NET(DUT(T )41
FLCOUT(L, ) RETCUUT (1,000 ) SFG(UUT L))
10 CQNTINU?
Gy 70 60
5¢ DU 20 J=1,UCNT (L)
LYALUE (UUL (L, 0) ) =IVALUE (LNPUTL, 1))
G (OUE (L, 0))Z2K0UE (L, 0)
NETLOUTLL, ) )SNFTLOUTLT,0)) 41 ‘
FLCOUY L, 0)  WET(OUT(T, 000 =K GLUUT L))
20 CUNTINUE
60 R§T9K¥
END

»

LAPLLCTY INIEGER(A=L)
DLMENSIUN LNEUT(100,10),UUT(100,10),F¥(100,200),LCNLC100),
1UCNT(100) ,NET(100) ,FG(100) , TVALUE(100) ,CET(100,200),
ZNCFYT(100),JFT(100,200),NETI(100)
COMMON 4NBUY,QUT, T, TCNT, UCNL NE'T, PG/ AREAZ/ LVALUE, L/ AREA3 /UL T,
lNFTJ/A@ﬁ@é/gET,Ng??/éR?R?/QD@
MET(OUT(L,1))SHFTCLNPUT (A, 1))
LF (EVALYE (LNEUT(L,1))E6.0)60 1U 10
FYALUE (UL (4,1))=0
FGLOVE(L,1))=2500T (L, 1)
Gg T0 20

o TVALUE(UUI(L,1))=
Fg!ﬂU{(é,lJ):Z*QU?Ei,i)‘l

20 PU 40 K=1,NFT(DUT(1,1))
FECOUE(L, 1), K)SFTLNPUT (L 1) /)

40 CQNTIﬁﬂy



PAGE: ¥

DEDUCLIVE SLMULATLON: : -
26000 NET(DUT(T,1))=NET(UUT(T,1))41
26100 FEQOUECL1) METQOUTLT, 1)) )5EGUUT (L))
- 26240 RETURN
263499 END
26400 C=meammse e e e S R s S e AR R R e SRR A ana s n 2R nnas
20500 SUBKOUTNE UXUR | | :
2bbD0 C3==EnzEss R R N N RN R RS ST IR S ISR R RS IS IRR ST
26700 LMPLICTY LNYEGER(A~L)
26800 DIMENSIUN INPUT(100,10),0UTL100,10),FLL100,200), LENT(100),
26900 IQCNTEIOU%,N{Tglﬂu),FQ(IUU),Tyaypyg}uvq,CE?&!OD,?UO{;
27000 ZNCFTgluU!;93?§100320031N5ng;004
27100 CUMMON LNPUT,UUT, £'T, ICNT UCHY  NET FG/AREAZ/ IVALUE 1/ AKEA3/ UKL,
21200 NFTU/AKEA/CET, NCKL/AREAS /DK -
27300 N=9
21400 DY 20 K=1,1CNT(L)
27500 NUESINPUTLL, K)
21600 DU 5 ASL,NETUNDE)
21700 JET(NVE,A)ZET(NDE,A)
27800 5 CONTINUE
27900 NETJ (WDE)ENET(NDE)
28000 Tk (IVALUE(NDE) LEQL 0)N=N+1
28160 290 CUNTINUE
28200 IF((N,EW.0) OR, (NLEQ,2) )JUVALUE(UUT(L,1))=0
24300 IF(NLEQL 1) TVALUECOUT(L, 10031
28400 CALL UNLON
24500 LE CIVALUE(OUT(T,1))4EUL 1) 60 10 50
28600 FGLOUECL 1)) 224001 (1, 1)
28766 GU 10 60
28800 50 FG(OUE(L,1))=2x0UI(L, 1)1
28900 6y NET(OUT(I,1))=NETCOUT(I,3))41
29000 FLQOUE (L 1) NET(OUTLT, 1)) =K6L0UT(1,1))
29100 RETURN »
29200 EnD
2?300 C====::;:::::;:::::::=:====:=::::::::::::a::::::=======:===::=:=:
29400 SUBROUTANE DANOR
2?500 C::::::::::::::::::::z:::::::::::z:z:;:;a:::z::;:;;::::::::::::::

.....

29600 IRPLICTY INTEGER(A=%)
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DEDUCITVE SIMULATION _— S
29700 DIMENSIUN ;m?pTgloO,iO),pngluo,lu{,Fgglou,zou),&gny&;ouq,
29800 IQCNTSIQUQ,NtTElOU),Fﬁ(IUU),TVQHU@E}OU!,CK@EIOO,?UO!p
29900 2NCFT(100),dK1(100,200),NMTI(100)
3000¢ COMHON NPUT,UUT,ET, TCNT, UCHT \NET, FG/AREAZ/ TVALUE 1/ AREAS/JF T,
30100 INFTJ/RREAZ/CEFT, NCFT/AREAS/NDE |
30200 N=0
30300 bu 20 K=1,1CNI(L)
30400 NUE=INPUT(1,K)
30500 DU 5 A=1,NFT(NDE)
30600 JET(NUE,A)=ET(NDE, A)
30700 5 CUNTINUK
30800 NETJ (NDE)=NET(NDE)
30900 LE(TVALUE(NDE) Q. 0) N=N+1
31000 20 CUNTINUL
31100 IECCNAEYL0) OR. (N, EQL2) ) TVALUE(UUT(L,1))=1
31200 1E (HLEQ. 1) TYALUECUUT (L 1)) =0
31300 CALL UNLON
31400 LECTVALUE(UUT(1,1))4EQ,1)60 TU 20
31500 FGLOULCL,1))=2000L UL, 1)
3ieue GU 10 bvU
31760 5¢ FGLOUL(L,1))=2%0UT(L,1)=12
318C0 60U NET(OUTUL, 1) )=NFTLQUT(T,1))+1
31900 FECUUL (L, 1) NET(OUT(T,1)))=FGLOUT(L,1))
32000 RETURN
32100 END
32200 C::::;z::;:::::;:;::::z::;:::::::;:;:;;;::::::::::::z::::::;;::;;
32300 C RUVLINE FUR UNION OF FRULL LLISTS
32400 C::::::;:;::t;:%:;=;=:¥==::::::::::===;§=?=;=;===§=====;=;=;=;===
32500 SUBROUTANE UNLON | | | | J
32600 1MPLICIYT INTEGER(A=Z)
327489 DIMENSIUN INPUT(100,10),U0TC100,10),ICNT(100),0CNT(100),
32800 IETEIUO,ZOOQ,EGElOOQ,yF?E}UU%,gﬁthOO%,gF!ElOO,ZOU),QE?QQIUU{;
32900 ZLVALUEL(100) h
33000 CUMMON ANEUT, UUT, £, IONT UCNT, NET, FO/AREAZ/TVALUE, I/ AREAS/UE T, L
33100 - NUDEISIREULCL, 1)
33200 U 140 J=z,1CNTLL)

33300 NUDEZ=1NFUT(L,J)



33400
j§500
33600
33700
33800
33940
3%000
34100
34200
34300
34460
34500
34640
34700
34800
34900
35000
35100
35260
35300
354900
35500
35600
35700
35800
35900
o000
30100
30260
e300
36400
36500
30600

DELUCY

10

20

3¢

40

140

15¢

mememo
Cs==z====

Al -y
Cemz=z=ss

FAGE: 1v
IVE SLMULATLON 25

l{gNOQEl.gu.UQGg ?Q 20

DU 10 K=1,NPIUCNODED)
UFTQK)=IFE(NUDEL,K) .
CQNTIQU?

UNFTENFTY (NUDEL)

DU 40 LE1,BETY(NODER)

DU 30 K=1,UNFT
LE(OFL(HUDEZ, L) LBULUFT(R))GU 10 40
CBNTIQU%

U&FT:ENE¥f1

UET(UNFE)ZUT(NODEZ 1)

CuNTIROY

NQDEI?Q

CPNT1§U§

NET(OUT(L 1)) =UNFY

DU 150 K=1,NETCOVI(L, 1)
FECOUT(4,1) K)=UFL(R)

CUNTIRUE
RIETURN
END

KUUYINE FOR INTERSECTION UF FAULT LLSLS

- ke S e T o Y A g PO e W S gy A Ao B Y g et O o T S T G OO ot e A U o S oy VN v S S A e B e T o S S

SUBROUTANE LNTER
INPLICIY LNTEGER(A=Z)

DIMENSIUN INPUT(100,10),UUT(100,16),1CNT(100),0CNL(100),

NUDEZ=INFUT(L,0)
JNFT=0

LF INODE1LEQ,0)G0 T0 10
DY 5 =1, NI NODEL)
LET(K)=F L (NUDEL, K)
CQNTIQU%
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3]100 INFT=¥F¥JSNUQ§1]

37200 10 DU 120 K=1,1NFT

32300 DQ 20 L?l,Nf?QQNUQE?)

37400 1F CIFY(K) JEW.JFT(NODEZ, L) )GU 10 110

37500 20 CUNTINUE

37600 GO 10 120

37700 110 UNFI=UNET+]

37800 TET (JNFT)SUET(NODEZ, L)

37900 120 CONTINUE

3§D00 lNFngNgT

3§IQG NQDE1=Q

38200 140 CUNTINUE

3300 NFT(OUTUT,1))=INFY

384ﬂ0 UQ 15¢ §=I,EE¥QUU?G£,1)2

38500 FILOUECL,1),K)=1FT(K) :

3?600 1?0 CQNTIQUF

34700 RETURN

34800 END

3§9Q0 C::::::;:::;:;:;:;:::::::::::é:;:;:;:;:?::z?:;:==?::::::;;::;::?:
39000 C ROUJINE FUK COMPLINENT UF FAULT L1SY .
3?100 C::::::;:;:::;:;:;::::::::::::::::::::::=:=:==:==========::=§===:
39200 SUBROUTINE COMPLE -
39300 IMPLICLY INTEGER (A=)

39400 DLMENSIUN INPUT(100,10),0UT(100,10),FL(100,200),1CNL(200),
39500 1OCNTLIV0) (NET(100),FGLI00) , TVALUE(100) ,CEL(100,200),
39690 2NCFT(100) ,JFT(100,200) ,NETU(100)

39700 COMMON INPUT, QUT, ET, TCHT, UCNY , NET, FG/AREAZ/TVALUE, L/ AREAS/JEY
39800 1NFTY/ AKEAS/CET, NCF L/ AREAD/ NDE

39900 720 '

suto0 0 282 =1, LCNT(L)

40100 LECINEUL (L, G) o GL 1) I=LBPUE (L, 6)

40200 282 CUNTINUE

40300 DU 5 K=1, 211

40400 CET(NVE, K)=K

40500 5 CUNTINUE

40600 NCHE (RDE) 2%

40700 DU 30 L=1,NFY(NDE)
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40800 00 20 K=1,NCET(NDE)

40900 LE (T (NDE, L) +EQ L CET (NDE, 1) JGU 1Y 10

41000 GU ?U 29

11100 10 MCFTCNDE)ENCET(NDE) =1

41200 DY 15 M=K, NCET(NDE)

11300 CET(NDE, M) =CET(NDE, N4 1)

41400 15 CUNTINUE

41500 GU 10 3u

41600 2v CUNTINUE

41700 30 CONTINUE

41800 ﬁngRﬁ

41909 EQD

42000 C::;:::==;:::é:f;;:;:;:;:;:;=::;:::::::::::::;::::::::::‘::::;:#:
42106 ¢ RUUTINE COMPO

42200 C:::::=§?§:=;§=§;§§======:===:==:::3;;;;:;:;;;;;:::::3:::z:z::;::
42300 SUBKOUTANE CUNPO

42440 IHPLICIE LNIEGER (A=4)

42500 DIMENSTUN INPUT(100,10),UuT(100,10),FL(100,200),LCNE(100),
42600 1UCNT (100) pNFT(100),FG(100) , TVALUE(100),CEFT(100,200),
42700 2NCFT(100) ,0FT(100,200) ,NFTJ(10V)

42809 COMMON LNPUT, QUL I'T, ICNT,UCNT, NET FG/AREAZ/ TVALUE, L/ BREAS/VET,
#2900 NPT/ AKEAS/CET, NCFE/ARERS /NDE

43000 DU 20 K=1,LCRE(L)

43100 NDE=TNPUT(L,K)

43200 TE(TVALUELINPUTCL K)) 1 EQ0UDGO 10 50

43100 DU 5 AL/ NFLLIDE)

13400 JETUNDE, A)SFL(NDE, A)

43500 5 CUNTINUE

43600 T (NDE ) SKET (NDE)

43700 GO 10 20

43800 50 CALL COMPLE ‘

43900 DU 15 AS1,NCET(NDE)

44000 OFT(NDE,A)=CHT(NDE ,A)

44100 15 CUNTINUE

44200 NETJ (NDE) SNCET (NDE)

44300 20 CONTINUE

4@400 R@TUR?



DEOUCLIVE S1MULATION heED 4
44500 END
44640 ::::::::::::;:;:;::::::z:::::::=:=:::::z::::2:::::::::::::::::::
44700 C KUUTINE COoMPL
4?800 C======§=?===?=?=========?=§=?“f=§=??§=f=§=??%===?=====?=========
33900 SUBKOUTLNE COMPI S
4§ﬂ00 IMPhIgI? {Nfﬁﬁﬂ@ge'§)
45100 DIMENSIUN lNHQTElQO,IO),99T§100,10!,§?§;00,2002,ﬁgNgg%OU),
45200 LUCHT (100) ,NFT(100),FG(100), TVALUELL00),CFT(100,200),
45300 2NCFT(100) ,JFT(100,200) ,NFTU(100)
45400 COMMON LNFUT,UUT, KT, TCNY ,UCKY NET FG/AREAZ/IVALUE, 1/AREAS/ KT,
45500 INFTU/AREAS/CFT NCFE/AREAS/NDE - -
45600 DU 20 K=1,LCNT(1)
45700 NDESINPUTLL,K)
45800 LE CTVALUECLIPUT(1,K)) EU,1DG0 10 50
45900 DU 5 A=L,BFT(HDE) -
46000 JET(NDE, A)=F (KDE,A)
46100 5 CUNTINUL
46200 NETY (NDE)ZBEY (HDE)
46300 GU TD 20
4@400 50 q@Lp SONBEK
96500 10 DU 15 A=1,NCEL(NDE)
46500 JETUNDE, A)SCEL(1DE A)
46700 15 CUNTINUE
36800 NETY (NDE)ZNCEY (NDE)
16900 20 CUNITNUE
Q?UOO KgTHK?

47100 END



36129 C

CRITICAl PATH

——

A . M gy o Y oy o Py Bt T M W e = W90 " s I o T W T i S s VS e TU WSt IR o WO S T e T T T W Uy g O R o o S S

SU290 CONE MODELLING

TR N A e e e e e e e e e N e R e S E
Jsaul 37 R¥AD(23,%),00C0

PENN REAN(23,56) ((CONDES(J,1),I=1,50),.=1,H0C0)
Jhbud 56 FORMAT(SUAL)

NEY VY DO 143 WJ=1,080C0

o8I0 o 142 1=1,5¢0

22900 DO 141 G=1,10

D10 IF(CONDES(J, 1) EQ. INDEX(GI)GN TO 138

allon GO TO 141

2.9 148 CONDES(J,1)=Gm1

TEN Y PO 139 A=, 10

J14¢73 IF(CUNDES(J, I+1).EQ,INDEX(A))CONDES(J, I)=CORDES(J, L) %10+ (Am1)
MS.2 149 CONTINUE ' '
167 1 CUNTIwnUE

J17L0 142 CONTINUE

51809 143 CONTIHUF -

U199 DO 12805 T=1,NOCD

2L D=t

vl =0

DZ7¢G N=1

~23.0 110U J=J+1

240 IF(CUMDES(I,J)NE,'/')GD TO 1010

p25ue CONCONCI,D,N)=CONDES(],.\])
52679 D=nt1

N27TY IF(D.EQ,4)GD TO 1299

c28.5 N=1

2900 GO TO 1190

23005 151) CONCONC(I,D,NY=CONDES(I,J)

J31.) N=N+1

23200 GN T0 110¢C

03350 1200 CONTINNE

23409 DO 1900 1=1,NQCH

3500 LCon(1)=0

n36i 9 PO 1860 D=2,3

237w M=o



238"
3900
whe oy,
chi
REVARN,
NI TN
T4 )
aAS, T
VLT T
547 n
S4H .o
amI L
05¢ly
551y
WI2uY
v 3uu
N54vy
€850
wobou
19739
3585
05903
D6 u)
2H1un
3624
96340
3040
0b5 3
366, 0
07 540
J68 .3
36940
VAT
NS RV
91239

-~ ™LA

PAGE:

CRITICAL PATH

130,

1401,

15608

1606

1700

{700
140
1901

265

275

[ a XLl

N+ L

IP(CONCONCL,D,N),EQ,'X')IGO TO 1400
IF (CONCONCI,D,N),EQ,'C'IGU T0 1500
IF(CONCON(I,D,N) FQ.'Z')GU TO 1700
IF(CONCONCI,D,N) 1Q,' /1 )GD TO 1800
GO TO 1399

H=p+1

ICONCII=ICONCY)+1
CTHPUT(I,ICONCI))=CONCONCT,D,N)

GO TO 1300

N=p+1

IF(D.EQ.3)G0 TO 1600
TCONCI)=ICOMCT) 41
CIMPUT(I,ICONCI))=CONCONCE,D,N)+PRINCN
GO TO 1300
COUT(I)=CANCONCT, N, NI +PRINCN

GO TO 1300

N=N+1
COUTCLI=CONCON(Y, D, HY+PRINCN+INTCNT
GO To 1300

CONTINUIL

CONTINUE
NODNUKSPRINCN+INTCNT+PROTCN

DD 360 I=1,NODNUM

INODE(I)=0

ICONE(1)=0

OCONE(I)=0

ONODE (1) =0

PO 295 K=1,K0GA

PO 265 L=1,LlCHT(K)
IF(I.EQ.INPUT(K,L))INODE (I)=K
CONTINUE

PO 275 L=1,0CNT(K)
IF(1.50,00T(K,1) YONODECT) =K
CONTINUL

CONTINUE

DO 298 KK=1,HOCO



7509
CT607
07 7ey
780
eI
uBIL D
J81 2
820y

JR3I0nN -

1840
%85.)
D864
98770
188 30
28919
09700

w9109

99250

29330
G9% Ly
395 ¢
W96 9
297 Ly,
2981
299 50
>1b&,)
11,2
10237
1.3°0
1314 .35
14509
iwbly
1749
10780
106778
19787

1.7

PAGE:

CRITICAL PATH

297

298

REITT]

330

335
KRN
345
350

DD 297 LL=!,ICON(KK)
IF(I.EQ.CIHPUT(KK,LL)) ICONE(I)=KK
CONTTHVE
IF(1.EG,COUT(KK))OCONE (1) =KK
CONTLAVE

CONTINUE

N0 392 I=1,N0DNUM

NC(I)=0

CONTIHUE

DO 350 COND=1,NOCO
NDE=COUT(COND)
NC(HDE)=HC(NDE) +1

CONE (NDE, NC (NDE) ) =CONO

=0

I=1+1

HK (1) =0NODE (NDE)

JICHK(I))=0

JJCHK (D) ) =00 (HK(T) )+ 1
NDE=INPUT (HK(I), JJ (HK(1)))
NC(HDE) =HC (NDED 41

CONE (NDE , §C (NDE) ) CONC

DO 330 L=i, [CON(CONU)

IF (HDE . NE,CINPUT(COND,L))GO TO 330
GO TO 340

CONTINVE

GO TO 315

1=I-1
IFCJJ(AK(T)) LT, ICNTCHK (D) )IGO TO 320
IF(I.GE.4)GU TO 335

CONTINE

CALL FFSIMI

5TOP

END



1,802
1.90

1133,
11407
1164
i
117..

Pt
F .

[es]

2019w
1200
12108
12200

13740
13300
139,
1402
14100
142.9
14300
1410
LAS
1a60

PAGE: 4

CRITICAL FATH

- —— 7 —
- .

9

1.9
110

98

TN T S o s ST St T T S o W ey oy O S S U VR N . T ot W O Ty ” S toms pue Y ) M g T o St TV O o > T e W v Wk Jas M i Y
e e R pungie i tpemgr s e it aa e g L R e e iiendy o pimdipecsfotsiipamianii widp i ettt oo o e e gmepen )

TS o et g e T e T o N e U {on PR et N e oy et N o WU et g S A% a3 e T g et S B i Y ey A e g PP St Wy R s e ouw e T A0 S A o o e
e S . ey S g ¥ o R e W s S0 qve o T e e " e 4 W P v SR B W e P e Sy Ty e ey T By W vy g S o e W TS o e e v o W RS e s - -

INPLICIT INTEGER(A=Z)

DIMENSTION TYPEC{08),INPUT(100,10),LEVEL(100),0U0T(10¢,10)

{1, TVALUECLCO) X (10G24,10) (AFT(25,100),NAFT(25),PFT(25,100)
2,NPFT28),4FT(25),FT(25,100),FG(100),CINPUT(25,25),C0UT(25)
3,ICONC23),INUDE(L00),NNODECL00), ICNT(100),FC(200)
4,HCCIN0),0CHT(L00),STINPT(LQG),ICONE(100),0CONE(100),CONE(100,1
5,CRITCIC0) ,PROP(L100),EXTD(25),3TEMCK(25)

COaMON INPUT,UUT,CINPUT,COUT, LCON, INGDE,ONODE,

LICONE,OCONE, ZCKNT,OCNTY , TYPE/AREAL /PRINCH , INTCNT , PROTCHN

2, NODNUM, NOCO, NOGA/ARREAZ/TVALUE, X/AREA3/LEVEL, STINPT,EXTD, STEMCK
3,CRIT,PROP,NESTMCK,NDE, FTYNOD/ARKLAL/FT,FG,NFT

READC21,%),X1H

READCZ21,*) ((X(I,J),J%1,PRINCN),I=1,XIH)

WRITE(22,80) |

FORMAT(SX, 'RESULTS FOR CRIVICAL TRACING'/SX, ' ¥¥kXERXFxx®x¥

LR AR Rk Rk kb ! )

HRITE(22,99)

FORMAT(SX, ' 'TESTS SIMULATED'/8X,'s=zszzssmzss=zzz'//)

DU 110 551,XIM

HRITK(22,100),5, (X(S5,0),J=21,PRINCN)

FORMAT(SX,'T!, 12, & ', 15(I2)/)

. COMNTINUE
WRITE(22,98)
FORMATL//5X, '"FAULT DETECTION INFORMATION'/B5X,'ssz=sz=z==s=s
|=mzsansrsEnsszsl) .

POT=PRINCN+INTCNT
CALL TIMER(2INEL)
nn 1604 ¥Y=1,XIN
DO 254 K=1,NUDNUM
STINPT(K)=O
COMNTINUE

DO 28¢ J=1,PRINCN
LEVEL(J)=1
TVALUECII=X(Y )



PAGE: 5
CRITICAL PATH ‘

147,60 IFLTVRIUE(T) JEQ,0YGU TD 260
148 40 Fi(J)=2#J-1
4940 G0 TD 280
15,0 260 FG(J)=2+J
15109 28y CONTINUE
152.0 1=1
1530 329 GO TO (330,312,314,316,318,320,322,324),TYPE(L)
154 316 CALL DAND
155¢¢ GO 'TO 340
1%6,0 312 CALL DOR
157300 GO TO 340
1580 314 CALI, DMAND
15909 GO TO 340
16Uy 316 CALL DNOK
1640 GO OTO 349
16200 31§ CALL DXOR
1630 GO TO 340
i640 320 CALL DXHOR
1650, G0 TO 340
166,y 322 CALL DNOY
16740 GO TO 340
16H ¢ 3724 CALL CONT
169 0 340 I=1+1
170000 IF(ILLELNDGAYGD TO 300
178n CALL TRACE
17200 ARLTE(22,499) ,Y
173,40 499 ‘ FORMAT(/5X, 'FAULTS DETECTED FUR T',12/1X,'==rerccawrc-
1740y lmemramm -t )
175y DO 8550 P=1,PROTCNH
17671 TF(Y.GT.1)60 10 388
177 .0 D0 488 H=1,HFT(P)
178 00 PFE(R,H)=FT(P,H)
17910 FC(H)=FT(P,H)
1840 .. 4R CONTINUE
1R:F B NFFT(P)=NFT(P)
1320L GO TO 288

1u3nn 388 NAFT(P)=9



14440
158550
1860y
18710
186uy
18990
19..0
19140
19200
193.0
19440
19550
160
19730
198w,
1997

2 f.' ».' o ‘-,,'

208015
2.9un
KOS AN
2110y
212u¢
2130
214 ¢
285
21k,
217,40
218 40
219.0¢
2274

PAGE: 6

CRITICAL PATH

348

689

699

914

DO 358 GG=1,NFT(P)

w0 348 HH=1,NPFT(P)

IF(PFT(P,HH) ,EQ FT(P,GG))GO TU 358

CanTINUE

NAFT(PI=NAFT(P)+1

AFT(P,NAFT(P))SFT(P,GG)

CNUTINUE _

IF(NAFT(P).EQ,.)YGO TO 721

DO 689 E=1,8AFT(P)

PET(P,HPFT(P)+E)=AFT(P,E)

COMTINUK

MPFR(P)=NPFT(PY+NAFT(P)

WRITE(22,699),P, (AFT(P,C),C=1,NAFT(P))

FORNAT(SX, "ADDITIONAL FAULTS DETECTED AT 7Z2',12,' ARt =!
1,25(13,',"))

GO TO 850

WRITE(22,722),P

GO TU 550

FURMAT(SX,'q0 ADDITIONAL FAULTS DETECTED AT Z2',12)
WRITE(22,500),P, (FT(P,C) ,C=L ,KFT(P))

FORMAT(SE, '"FAULT §U,5 DETECTED AY 2',I2,' ARE =',25(13,','))
CONTINUE

CONTINUE

CALL TIMER(TIMEZR)

TIME=TIME2=TINE]

WRITE(22,914) ,XIN, TIME _
FORMAT(SX, "TLME TAKEN TO SIMULATE ',12,' TESTS =',15,' MS'/5X,!

EeD

Y Ny oy ey S Yy O ) et N o o T S SRt Wt S B e P o Pt v WP T My Vo AR Wy SN 0 O W e Ve WO (U T A i g O T e s W gow

SUBROUTINE DAWD

TMPLICIT INTEGER(A=Z)

DIMENSION TYPR(100),INPUT(100,10),LEVEL(100),0UT(100¢,10)
L, PVALUE(100)



22150
22270
22350
22410
225 3¢
22600
22790
pAS
24
23800
23126
237200
23330
23400
23540
236,10
2370w
238.¢0

2390y

s

e

<

NN
-

20l
PEEREY
242u0
24304
Tha D
24542
21640
2470
25850
249.0
2500

251°°

wvi

25200
349

~N

(%) B &

4 -

[

2
z2559)0
25649
25793

t 2

PAGE : 7

CRITICAL PRTH

1u

1058

2, NFT(25),FT(25,100) ,FG(100),CINPUT(25,25),C0UT(25)
3,1CUN(25), THUPE (140, 0ONDDEC100), ICNT(100)
4,NC(100),0CNT(100) ,STIRPT(100), ICONE(100),0C0NE(100),CONE(100,1
8,CRITC100),PRUP(100),EXTD(25),STEMCK(25)

COMMON IHPUT,OUT,CINPUT,COUT, TCON, INODE, ONODE,
1ICONE,NCONE, ICNT, UCHT, TYPE/AREAL/PRINCH, INPCNT , PRUTCN
2, NUDNUH, NOCO, NOGR/AREA2/YVALUE, X/AREA3/LEVEL, STINPT, EXTD, STEMCK
3,CRIT,PROP,NSTHCK , NDE,FTYNUD/AREAA/FT,FG,NFT

DO 10 J=1,LCNT(T)

IF (MAXLEV, LT LEVEL (INPUT (I, J)) )AXLEVSLEVEL(INPUT(I,4))
IFCTVALUE (INPUT(L,d)).EE.1)G0 TU 10

/
t

K=.J
N=ti+1
CONTINUE

IF(NL,EQ,0)GU TO 110
IF(NLGT,1YGU T 105
STIHPTCIHPUT(I,K))=]
TVALHECQUTI(I,1))=0
FGLOUT(T,1))=2%0uT(1,1)
Gl T 130
TYVALUECONT(I,1))=1
FGuUuT(I,1))=2*out(1,1)~1
PO 120 J=1,ICHT(I)
STINPT(INPUT(I,]))=1
CONTINIE
LEVEL(OUT(I, 1)) =MAXLEV+]
RETURN

EMD

SUBROUTINE DNAND

IMPLICIT INTEGER(A=Z)

DIMENSION TYPEC1€0),INPUT(100,1C),LEVEL(L100),0U0T(100,10)
1, TVALIE(100) '
2,NFT(25),FT(25,100),FG(100),CINPUT(25,25),C0UT(25)
3,ICONC25), INODECL00),0NODE(100), ICNT(100)



PAGE: 8
CRITICAL PATH

2984¢ 4,NC(190),0CNT(100) ,STINPT(100),ICONE(100),0CONE(100),CONE(L00,10.
250, 5,CRIT(106),PROPCLE0) ,EXTD(25),STEMCK(25)

28494570 COMMON INPUT,O0T,CINPUT,COUT, ICON, INGDE,ONODE,

26130 LICONE,0CONE, ICNT, OCNT, TYPE/AREAL/PRINCHN, INTCNT, PROTCN
262 ¢ 2, NODNUM, H0CO, NOGA/AREA2/TVALUE, T/AREA3/LEVEL,STINPT,EXTD, STEMCK
203 )0 3,CRIT,PROP, NSTHUCK,NDE,FTYNGD/AREA4/FT ,FG,NFT

2640y N=0

26500 MAXLEV=0

266 DD 19 J=1,ICNT(I)

26700 IF (MAXLEYV LT JLEVEL(INPUT (T, J) ) YMAXLEV=LEVEL CINPUT (T, d))
26820 TF(TVALUE (LHPUT(I,J)) ,EG.1)G0 TO 10

26906 K=Jd

27096 =N+l

27140 10 CONTIHUE

27290 IF(HN.EQ.B)GD TG 110

27330 TF(N.GT.1)GO TG 165

2744¢C STINPT(INPUT(I,K)I=1

27546 105 TVALUECOUT(I,1))=1

27040 FGCOUT (L, i))=2%0ur(l, 1)1

7723 GO TO 136

27533 110 TVALUECQUTC(L, 1) )=9

279 4t FGQOUT(I,12)=2%0uT(1,1)

28740 DO 120 J=1,ICNT(I)

2819¢ STINPT(INPUT(I,J))=1

28270 12¢ CONTINUE

2831¢ 130 LEVEL(OUR (T, 1)) =MAXLEV+]

284 RETURN

245°¢ END |

20y (e m e e N N T N S S T T R N T R N I N N T S S N SN N E NS SN TSN SO SRS SRS
2872 C *% RONTINE TO SIMULATE OR GATE

288 ¢ C:::::::::::::::z:::::ﬁ:g::::::::::::::::::::::::::::::::::::::::
20900 SUBROUTINE DOR

290w IARLICYIT INTEGER(A-Z) .
29150 DIMENSION TYPE(180),LNPUT(100,10),LEVEL(100),00T(100,10)
29259 1, TVALUE(100)

293 450 2,NFT(25),F1(25,100),FG(100),CINPIT(25,25),C0UT(25)

2944 3,ICONC25), INODE(100) ,ONODECLI00) , ICNT(100)



29579
296"y
297,39
2980
299 v
JonLe
33140
39240
35300
RICL V4]
3uSad
30hGC
JuTve
35890
33900
31023
31103

31200 1

31309
31400
3152¢
3.650
31750
3180
31950
32vep
32150

3220

2700
328 2
3294¢
337,
33103

PAGE: 9

CRITICAL PATH

tc

110

&,NC(190),0CNT(100),STINPT(100),ICONEC100),0CONECL100),CONE(L00,
5,CRITCL00),PROP(100),EXTD(25),8TERCK(25)

COMMON INPUT,OUT,CINPUT,COUT,ICON, INODE,ONODE,

fICONE, OCONE, ICNT, BCNT, TYPE/ARFAL/PRINCN, INTCNT , PROTCN
2,NODNUM, n0CO, NOGA/RREAZ/TVALUE, 1/AREA3/LEVEL,STINPT ,EXTD, STEMCI
3,CRIT,PROP,NSTMCK,NDE,FTYHOD/AREA4/FT,FG,NFT |
N=Q

MAXLEV=0

PN 18 J=1,ICRT(I)

IF(MAXUEY LT W LEVELCINPUT (L, J)) IMAXLEV=LEVELCINPUT(L,J))
IFCTVALURECINPUT(I,J))L.EQa01G0 TU 10

K=J

=N+

CONTINUE

IF(HLEQ,DIG0 T0 110

IF(N,GT,1)G0 TO 145

STINPTCINPUT(L,K))=E

TVALUR(OUT(I,1))=1

FOMOUTC(L,1))=2%0UT(1,1)~1

GOOTO 130

TVALUEC(OUTC(L,1))=0

FGCOUT(X,1))=2%QUT(I,1)

D120 J=1,1CNT(1)

STINPTCINPUT(L,J))=1

CONTINUE

LEVEL(OUT(L,1))=MAXLEV+1

RETURN

SUBROUTINE DNOR

ANPLICIT INTEGER(A=Z)

DIMENSION TYPE(100),INPUT(100,10),LEVEL(100),0UT(100,10)
1, TVALUECLGO)
2,NFT(25),FT(25,100),FG(100),CINPUT(25,25),C0UT(25)
3,1C0ON(25),INUDEC106),ONODE(100),ICNT(100)



33200
3330¢
334 ¢
335u0
33690
33790
33800
339490
34L00
34100
34240
34340
34480
- 34540
34600
347 390
3480
3499
3564¢
3516¢
35200
35300
354(¢
assnnr
35640
387w ¢
A584G
309¢y
AL6L0
RIS REEH
36209
36309
36400
365¢0
36640
36760
3680¢

1

1

J

(.

PAGE: 10

CRITICAL PATH

110

4,NC(100),0CMT(100),STINPT(IDO),ICONE(iOO),DCDNE(IOQ).CDNE(iOU,J
5,CRIT(100),PROP(100),EXTN(25),5TENCK(25)

CoMMON INPUT,OUT,CINPUT,COUT,ICON, INODE,ONODE,

LICONE, OCUNE, ICNT, OCNT, TYPE/AREAL/PRINCN, INTCNT , PROTCN
2, HODNUM, n0CO, NOGA/AREAR/TVALUE, I/AREA3/LEVEL, STINPT ,EXTD, STEMCH
3,CRIT,PRUF,NSTMCK,NDE,FIYNUD/AREAL/FT,FG,NFT

Nz

MAXLEV=0

DO 16 I=1,1CNT(I)
IF(MAXLEV.hT.LEVEL(INPUT(I,JJ))MAXLEV:LEVEL(INPUTfI,J))
IFCTVALUECINPUT(I,J))LEQ.C)GD TO 10

K=

N=N+1

CONTIHUE

IF(N.EQ,O)GN 10 110

IF(N,GT,1)GO 10 105

STINPT(INPUT(L,K) )=

TYALUECOUT(L,1))=6

FGLOUT(T, 1))=2*0uT(I, 1)

GO 10 139

TYALUECOUT(E, 1) )=1

FGOUTCT, 1) )=2%0UT(T,1) =1

DO120 J=LLCNT (DD

STINPT(INPUT(I,J))=1

CONTINIE

LEVCLOOUT(IL, 1) )=MAXLEV+1L

RETURN

END

R N e T g SR At TP ot i ot S dmm TV e Wy O e WO oy N g s gy 0t S o g e W iy Tt v e e T W G T W T U W et Oy S ST Mo n (o 8 ooy, P WD POy g o S pots W

TMPLICIT (NTEGER(A=Z) | '

DIMENSION TYPE(164),YNPUT(100,10),LEVEL(100),0UT(100,10)

L, TVALUE(100)
2,NFT(25),FT(25,100),FG(100),CINPUT(25,25),COUT(25)

3, 1CON(25), INODE(199) , OHUDE(100) , 1CNT(100)

4,MC(100) ,0CNT(100),STINPT(100), ICONE(100),0CONE(100) ,CONE(100, 1



33200
33300
3348
335.¢
33650
33720
33y
339.0
3430
3415
3420
34300
34400
3abiin
34600
34740
348L10
34979
3504¢
35165
35200
3
354l

8]

w1
()

L

355 r
356.0
367,
368410
359 v
by
3616
36204
30369
b4y
305
366,
InTo
368.¢

1

1

PAGE: 10
CRITICAL PATH

4,NC(1§0),DCNT(iGﬁJ,STINPT(IGOJ,ICONE(100J,DCUNE(lOO),CDNE(iOO,:
5,CRIT(L100),PROP(100),EXTD(25),5TEMCK(25)
COMMON INPUT,OQUT,CINPUT,COUT,ICON, INODE,ONODE,
VICONE,OCUNE, LCNT,QCNT , YYPE/AREAL/PRINCHN, INTCNT, PROTCHN
2, NODHUN, NOCU, NOGA/AREAZ/TVALUY , I/AREA3/LEVEL, STINPT,EXTD, STEMCE
3,CRIT,PROP,NSTMCK,NDE,FTYNUD/AREAA/FT ,FG,NFT
N=)
MAXLEV=0
DO 10 J=1,1CNT(I)
IF(MAXLEV,LT.LEVEL(INPUT(I,d)J)MAXLEV=LRVEL(INPUT(I;J))
IFCTVALUECINPUT(T,J))LEQ.Q)GD TD 16
K=
N=N+1
v CONTIHUE
IF(N.EG,0)GD TO 110
IF(N.,GT,11G0 10 105
STINPT(INPUT(T,K))=1
L5 TVALUECOUT(1,1))=0
FGoour(r, 100=2*gurcl, 1)
GO 130
10 TYALUECOUT(T,1))=1
Faour (I, 10)=2%0ut(I,1)=-1
- DO 120 J=L,1CNT(D)
STINPT(INPUT(L,0))=1

20 CONTINJE

30 LEVEL(OUT(I,1))=MAXLEV+L
RETURN
EnNNn
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IMPLICIT [NTEGER(A~Z)

DIMENSION TYPEC100),INPUT(100,10),LEVEL(100),0UT(100,10)

L, TVALUECLQO)
2,0FT(25),FT(25,100),FGCLO0),CINPUT(25,25),C0UL(25)
3,ICUM(25).lNUDE(iﬂﬁ),OHQDECIOOJ,ICNT(100)
4,NC0100),0CNT(100),8TINPT(100),ICONE(100),0CONE(100),CONEC100,1
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36940 9,CRITC10Q),PROP(100),EXTN(2S),5TEMCK(25)

3705 comMmon INPUT,QUT, CINPUT,COUT, 1CON, INODE, ONDDE,

37100 LICONE, DCONE, LCHT, OCNT, CYPE/AREAL/PRINCH, INTCNT, PROTCH
372.n 2 NODEUM, NOCO,NOGA/ARER2/TVALUE,I/AREA3/LEVEL,STINPT ,EXTD, STEMCE
37342 3,CRIT,PRUP, NSTHCK,NDE,FTYNUD/AREAA/FT,FG,NFT

3744 BEVEL(OUTCL, D)) =LEVEL(INPUT(],1))+41

37523 IFCIVALUE(INPUT(L,1)).EQ,,0)G0 TO 29

3760 TYALUR(OUT(I,1))=0 |

377 )0 FOouT(I, 1))=2%0uT (I, 1)

378 .0 GO 7O 39

3790, 20 TVALUE(OUT(L,1))=1

38140 FGCOUT(L, 12)=2%0ur(l,1)=1

30t.0 30 STIHPTCINPUTC(I,1))=1

382,90 RETURH

34350 AN

384 14 C::::::::::::::::::::::#:::::::::::::::::::::::::::::::::::::::::
385, SUBROUTINE DXOR-

LI e S et e e S St B b e e
38719 IMPLYICIT INTEGER(A=Z) '

388Qg DIMENSIOH TYPE(LGL),INPUT(100,10),LEVELC100),0UTC(100,10)
38940 1, TVALUE(1400)

39420 2NFT(25),FT(25,100),FG(10G),CINPUT(25,25),C0UT(25)

39179 3,ICOH(25),INODECIOG) ,ONODECLOC) ,ICNT(100)

39269 Ay NCOLD0) ,0CNT(10¢) ,8TIAPT(100) ,ICONE(100),0CONE(190),CONE(100,1
39300 5,CRITC100),PROP(100),EXTR(25),STEMCK(25)

39404 COMMON INPUT,OQUT,CINPUT,COUT,1CON, INODE,ONOQDE,

395 .0 1ICUNE,QCONE, ICNT,O0CHY, TYPE/AREAL/PRINCH, INTCNT, PROTCH
3962 2, 40DNUM, NUCD, NOGA/AREA2/TVALUE, I/AREA3/LEVEL, STINPT ,EXTD, STEMCK
39709 3,CRIT,PROP, NSTHCK, NDF , BTYROD/ARFAA/FT,FG,NFT

3680 N=(

3994y ARXLEV=2

4u0u DO 2¢ K=1,1CHT(1)

4ul0d iF(HAXLEV.LT.LEVEL(INPUT(I,K))JMAXLEV:LEVBL(INPUT(I,K))
47240 STUHPTCINPNTCI,K) ) =1

4.3 IF(TVALUECHDE) JEQ O)NsN+ 1

4.4 .5 2u CONTINUR

Gvd 0 IFCINLEQWN) JORG(NLERG2) ) EVALUE(ONT (Y, 1))=0
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446,0 IF(N.EQ. 1Y TVALUE(OUT (I, 1) =1

4070 IFCTVALUEQOUT(L, 1)) EU. 160 TO 50

4L8.00 FGCOUT (T, 12)=2%0UT(1,1)

43900 GO TU 60

419.G 5% FGOUT(I,4))=2%0uT(I,1)~1

41100 bv LEVEL(OUT(T, 1)) =0AXLEV+]

41200 RETURN

41370 END

414 ) (meE oo R R S TN R N S I R e R N S S N S N N N RS N S S S S S SRS S S SR SIS RESSS S
41520 SUBRUUTIAE DXNOR

416 )0 (CoRSE SR S S I N N NS T N SR S I N R S N SRS RS RS IS IS S SIS SRS ERIRET
41790 IMPLICIT INTEGER(A=Z)

41839 DIMENSTION TYPE(160),INPUTCLND,10) ,LEVEL(100),00T(100,10)
41900 1, TVALUEC100),X(1024,10) ,AFT(25,100) ,NAFT(25),PFT(25,100)
42v5) 2,NFT(25),F1(25,100),FG(100),CIHPYT(25,25),C0UT(25)

4210 3,LCONC2S5) , INODE(1D0),ONURECL00), ICNT(L00)

42250 4,NC(100),00NT(100),STINPT(L00),ICONECL100),0CONECLO0),CONECL00,1¢.
4220 5,CRIT(L20),PRUP(100),EXTD(25),8TEMCK(25)

42400 COMMON INPUT,OUT,CINPUT,COUT, ICON, INODE,ONODE,

425%0 LICONE,NCONE, ICNT, OCNT, TYPE/AREAL/PRINCN, INTCHT,PROTCH
42608 2, NODNUM, NUCO, NOGA/AREAZ/TVALUE, I/AREA3/LEVEL,STINPT,EXTD, STEMCK
42709 3,CRIT,PROP,NSTHCK, NDE, FTYNUD/AREAL/FT,¥G, Ne'T

AR8 Y : n=g

42992 MAXLEV=E

43629 DO 20 K={,ICNTLI)

43100 IF(HAXLEV LT GLEVEL (INPUT (L, K) ) IMAXLEV=LEVEL(INPUT(L,K))
43240 ITF(TVALUE(HDE) JEQ, ") N=N+L

13300 STINPT(INPUT(L,K))=1

43400 20 CONTINUE

4350 IF((NLEQ.O) JORL (M. EQ.2))TVALUE(OUT(L,1))=1

43650 IF(H.EQ, D TVALUE(OUT(I,1))=0

43730 IF(YVALUE(OUT(T, 1)) .EQ,1)60 TO 56

43809 FGOOUTLL, 1) Y=2X0UT (3, 1)

4390 GO TO 60

4400 50 FGOUTC(L,1))=2%0ur(I,1)-1

44150 60 LEVELC(OUT(I,1))=nAXLEV+Y

44229 RETURMN



44307
REED I
44550
446y
a4769
448
44903
45009
45109
43200
45309
4540)
43509
45639
45739
4B84y
15940
46000
46100
40200
46310
46400
36570
A6600
30732
46810
4699
47330
47133
4727390
47393
47456
A7500
47640
7749
47805
179 :3¢

1¢

CRITICAL PATH

EnD

SUBROUTINE COHT

IMPLICIT INTEGER(A=Z)

DIMENSIGN TYPE(169), INPUT(100,10),LEVEL(100),0UT(100,10)
1, TVALUECLI00) ,X(1024,10),AFT(25,100) ,8AFT(25),PFT(25,100)
2oNFT(25),FT(25,100),F6(100),CINPUT(25,25),COUT(25)
3,ICONCZ5),INODE(LQG) ,ONODECLGO) ,ICNT(100)

4, 0C0190) ,00NT(104) ,STINPT(100),ICONE(100) ,0CONE(100),CONE(100,10
5,CRIT(100),PROP(100),EXTD(25),5TEMCK(25)

COoMMON INpUT,0UT,CINPUT,COUT, YCUN, INODE, ONODE,
1ICONE,0CONE, 1CNT, OCNT, TYPE/AREAL/PRINCH, INTCNT , PROTCH

2, NODNUM, NOCOD , NOGA/ARER2/TVALUE, I/AREA3/LEVEL, STINPT,EXTD, 8TEMCK
3,CRIT,PROP,NSTHCK,NDE,FTYNOD/AREA4/FT,FG,NFT
STINPT(INPUT(I,1))=1

IF(TVALIECINPUT(L,1)),8Q,0)G0 TO 5¢

D10 J=1,008TCD)

TVALOECQUT (L, J))=TVALUECINRPUT(I, 1))
FGIOUT(I,J))=2*00T(L,.J)~1
LEVEL(OUT (I, ) )=LEVEL{INPUT(T, 1))+

COUTINUL

GO 1O 69

DO 20 J=1,0CNT(I)

TVALUE(CQUT (I, J))=TVALUECINPUTCI, 1))
FGOUT(T,d))=2%00UT(1,J)
LEVEL(JIUT(L, ) )=LEVEL(INPUT(T,1))+1

CONTINUE

RETURN

END

IMPLICIT INTEGER(A=Z)
DIMCNSION EXTN(25),CRIT(1G0),LEVEL(100),STEMCK(25),PROP(100)
L FGO106) ,0FT(25),FT(25,100),STINPT(100)
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430,02 COMADN /AREAL/PRINCH, INTCNT,PROTCH
1I1.) 2, HODNUHM, 4OC0, NOGA/AREA3/LEVEL , STINPT,FXTD, STEMCK
M2) 3,Cr17T,PROP,NSTHCK,NDE, FTYNOD/AREA4/FT,FG,NFT
CEDS POT=PRINCN+INTCNT

433,90 O 100 K=1,PROTCH

43543 DO g v=1,H000DNUH

4867 CRIT(V)=0

48700 8 CONTINUE

48K.D 003 T=1,8000

489 .0 EXTD(T)=Y

49009 3 CONTIHUE

49109 OuTPUT=K

49200 NUE=OQUTPUT+POT

49330 NSTMCK=0

4940 CRIT(UDE) =1

49%,0 CALI, EXTEND

49610 5 IF(NSTMCK.EQL0)GO TN 104

497.9 HIGH=1

498 53 IF(ASTMCKEDL.LIGO TO 12

499 30 DO 10 P=2,NSTHCK

53349 IF(LEVEL(STEMCK(P) ) GT,LEVEL(STEMCK (HIGH) ) YHIGH=P
53,0 10 CONTIWUE ’
53243 12 NDE=STEMCK (HIGH)

54373 DO 20 P=AIGH, NSTHCK

54405 STEMCK(P)=STEMCK(P+1)

545.) 2¢ CONTINVE

5160 ) HSTHCKENSTHCK=1

54747 CALL CRITIC

538, IF(CRIT(NDE) LJEG, 1)CALL EXTEND
5098 DO 93 F=1,N0DNUN

5L..u PROP(F)=0

51125 90 CONTINUE

51210 GO 10 6

54335 1vu4 DO 110 AA=1,NODNUM

514y IFCCRITCAA) LEQ.0)GO TO 1190

515.3 NFECOUTPUT)=NET (OULPUT)+1

SLALY FreQuernT, NFT(OUTPUTII=FG(AA)
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51774 113 CONTI U

518.) 14y CONTIwUE

519,50 120 RETURI

52749 Eiln

52101 (FosCRS S rEENCIsnCNSEESs oS INESCNCIS SO SN EEETESSTISSSSos=SSsTsoo
52257 : SURROUTINE EXTEWD

R B L - e R P e e
52434 IﬂPpICIT INTEGER(A=Z)

5250 DIMENSZION EXTD(25),CRIT(100),STEMCK(25),0UT(100,10),COUT(25)
52634 1,K(59),J0100), TYPE(100), ICON(25) ,0NODE(100), INODE(100)
5272 2,STINPT(100),CINPUL(25,25) ,DCHT(106)

528 ;) 3,ICHT(100), INPUT(100,10),LEVEL(100)

82904 4,uCLLY) ,PROPOIOY) , TCOANECLOD) , OCONECL100), CONE(100,10)
53u79 COMnOn IMpuT,DUT, CINPUT, COUT, ICON, INODE, ONODE,

53150 LICONE ,0COHE, ICNT, OCNT , TYPE/AREAZ/LEVEL, STINPT,EXTD, STENCK
5320 3,CRIT,FROF,N3TMCK, 0B, FTYNOD '

53320 I=n

53440 CONU=OCONE(NDE)

5359 IF(COND.EQ.0)GO TO S0

536,23 EXTD(COMHO)=1

537vu 10 I=1+1

53800 KCI)=0nane(nuDe)

52939 IF(K(I)LEQ.D)G0 Ta 40

5409¢ DO 20 Pp=1,ICON(CONN)

54130 IF(HDELNE,CINPUT (CUND,PP)IGD TO 20

54240 TF(TYPE(K(I)) ,NE,B)GT TN 15

5.0 PO 13 Fz=l,N5THCK

Sed iU IF(STENCK(F) ,8Q, INPUTCKCI), 1)IGD TO 15

54540 13 CONTYHUE

54670 NSTHCK=NSTMCK+1

51748 STEMCK(NSTMCK)=INPUT(K(I), 1)

54850 15 GO TO 490

549490 29 CONTINUE

SHTVIVIVRE JOK(I))=0

55179 25 JOK(INI=J(K(L)) 41

5529 MDE=INPUTCRCT) ,J(K(I)))

553u IF(STINPT(ADE) .EQ, Q)60 TU 35
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554,10 CRIT(MDE)=1

555 ° GO TU LG

5564 3¢ I=1~1

59775 35 IFQICKCI) ) LT ICNTL(K(INDIGO T0 25

558 1 45 IF(I.GT,1)60 TO 30

5539 1, Sy RETURN

S6H bl . i)

RS T e e e e e e e e e e T e e e
562 SURROUTTINE PRUOPBGT

56 5 g C::’.’:::‘.:'—‘-::.':::z::::z::::-':::‘.:::‘—"-:::::::-.":"—‘.':.‘:::::’.::::::::::::::::’.’::::::“
50450 IMPLICIT INTEGER(A-Z)

50%. ¢ DIMENSION PROP(100),CINPUT(25,25),C0UT(25),ICON(25),0NODECI00)
566 1 L, TYPECLGO) , OCNT(100) ,LEVEN(100) ,EXTDL25) ,CONECL10G,10),
5670 2INODE(108), STTHPT(100), TVALUEL(106) , STEMCK(25) , CRIT(100)
56810 | 3,TCNTCL06), INPUTCL00,10),0UT(100,10),ICONE(LO0),0CONECL00)
569, COsMON THPUT,OUT,CINPUY,COUT,ICON, INODE, ONGDE,

57 1ICONE,0CONE, TUNT, OCNT, TYPE/AREA2/ TVALUE, 1/AREA3/LEVEL
5710 2,8TINPT,EXTD, STEMCK,CRLIT, PROP, NSTHCK , NDE, FTYNOD/AREAS/CONE , NC
572.. DEINODE (FTYNOD) -
57300 IF(STINPT(FTYNOD) NEL1IGO TO 100

574" % P 162 G=L,ICNT(D)

5750 IF(SPINPT(INPUT(D,G)) . FQ.1IGD TN 102

5Th.o XF (PROP(INPUT(D,G))NE,1)GO TO 102

577 . GO TO 210

578. 0 112 CoRTINUE

§7G. % . GO TO 200

s8¢, 10C TF((TYPE(D)ED,1) . URL(TYPE(D),ER,3))G0 TO 400

5814 . IF((TYPE(D).EG.2) OR.L (TYPE(H) ,EQ,4))GO TO 600

58200 494 LE(TVALUE(FTINOD) L NEL0)GD TO 210

553°¢C DO 10 K=1,ICNT(D)

564, 5 R=XNPUT(D,K)

55% .0 IFCCEVALUE(R) JEQLD) JAND . (FROP(R) LEQ.1))GO TO 10

SG6 IF(CLHOT, (TVALUE(R) (LG, C) ) AND,L (L HOT. (PROP(R) LEQ,1)))GD TO 10
537 9 GO TD 210

558, 5 v COUTINUE

549, ¢ GU 0O 200

57 .0 oL IFCCVALUECFTYNOD) JNEL1)GD TO 214
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501 PO 20 K=1,1CNT(D)

532 R=INPUT(D,K)

593 v TF((TVALUE(R) JEQ.1),AND, (PROP(R),EQ,1))G0 TO 10

59241 IV((.MOT.(TVALUE(R).EQ.X)),AND.(.NUT.CPROP(R).EQ.i)EJGO N 10
548,70 e TO 210

59C.v 20 CONTINUE

397 200 DO 201 K=1,0CHT(D)

5987 PROP(OUT(D,K) )=}

‘599, 201 CONTIHUE

6 ) GO TN 240

A1y 219 PROP(OUTLD, L))

602y 240 RETURM

6J3.0 FilD

LT ot bt i - e e e b P 3 P e T S S St
evh. D SUBROUTINE CRITIC

()f H0 C::F:::::::::::::-‘-:223223:;:::::;;::::;:;;:::::‘;:::::::’;::;:::::::
6070 IMPLICIT INTEGER(A=7)

Gol . r DIMENSION GHIT(lQOJ,LEVEhtlﬁo).PRGP(lQO)}EXTD(ZS),INPUT(lDO.iO)
Hu9L0( 2,TN0ODE(109),CINPUT(25,25),C0UT(25),ICON(25),0NMDDECL0D)
6it . 3,0CHT(166),007(100,10),FRONT(20),XCNT(100), TYPEC1I0D),
Glicn ANC(100) , SULINPT(100)  STEMCK(25), LCONEC100),0CONE(100),CONE(100,10)
pi7un CURMON IdpUT, 00, CINPUY,COUT, ICON, INODE, ONODE,

A1370 1ICOME, OCONE, 1CNT, QCNT , TYPE/AREAZ/LEVEL, STINPT ,EXTD ,STEMCK
Hld v 3, CRIT,PROP, NSTHCK,NDE,FTYNUD/AKEAS/CONE, NC

615, ¢ NFRONT=0 |

.636\0 PROP(NDE)=]

61700 CGTE=INODE(NDE)

it DO 10 K=1,UCNT(CGTE)

pigie DO 8 ¥Y=1,NC(OUT(CGTE,K))

24 .0 V=CONE(QUT(CGTE,K),Y)

623,70 IFCEXTD(V) L HEL13GD TU 8

6220 GO TO 9

623 .« 8 CONTINUE

624 v GO TG0 16

625 L @ NFRONT=NFRONT4 )

Hut 1 FRONT (HFRONT)=0UT(CGLE,K)

hal 1 PROP(FRONT (KFRUNT) ) =1
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628. ¢ 17 CONTINUE

o2yt 15 Liw=1

63,3 IF(MNFRONT,.EQ.1)GO 1D 22

631,60 N0 20 ¢=2,NFRONT

6324 W= LNODK(FRUONT(Q))

6331 X=2ILODE(FROGT(LOW) )

634 n IF(LEVEL(OUIT (W, 1)) JLT,LEVEL(OUT(X,1)))1L0W=Q
63576 23 CONTINUE

L36. % 22> FIYROD=FRUNT (LUOW)

6373 FTY=INODECFTYNGD)

638.90 DO 3G P=LO#,HFRONT

6390 ( FRONT(P)SFRONT(P+1)

640,04 39 CONTINUE

641D NFRONT=NFRONT =1

647 . IF(NFRONT EQ,0)GO TO 100

64300 CALI, PRORGT

634 .y LF(PROPLOUT(FTY, 1)) NEL1IGO TO 15
6145 o DO 40 F=1,0CNT(rTY)

646" G=QUT(FIY,F)

647 DO 38 E=1,0C(G)

648 U V=CONE(G,E)

619 O ' IFCEXTD(V).NE,1)GD TO 38

T GO 10 34

puite 38 COMTINUE

ohZ .4 GG TO 49

§53, 34 DO 37 T=1,NFRONT

654 TFCFRONT(T) EQ,QUT(FTY,F))GU T0 4¢
655.0 37 CONTINUE

6560 NFEONT=NFRONT+1

6570 FRONT (NFRONT) =0UT (FTY,F)

A5 v 43 CONTINUE

659 ¢ GO T0 15

060 .0 1:0 CALL PROPGY

ehlnn IF(PROP(OUT(FTY, 1)) ,NE,1)GO TO 120
662 .0 IFC(CRIT(FTYROD) (EQ.L)CRIT(NDE) =]
603t 121 RETURN

6oL END
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SUBROUTINE FFSIMU

XIN=NO, OF INPUT SETS TO BE SIMULATED

X(1,J)=ITH INPUT SKET’S JTH PRIMARY INPUT

TMPLICIT INTEGER(A=Z2)

REAL W,XV,CONE,CZERC0,BONE,BZERO,DONE,DZERO,S,TIME, TIMEL, TIME2
1,0NECNT,ZERCNT ,SENCNT, INTER, 1FC,FF,FC,BICONT,BOCONT ,WH, TP, XX
nOUBLE PRECISION TP,XX,INTER,IFC,FC,FF

DIMENSION ICNT(100),0CNT(406G),TYPE(100),INPYT(100,10)
1,TVALUE(100),X(1024,10330NECNT(100),ZERCNTcloOJ,SENCNT(loOJ
2,0UT(100,10) ,CONE(100),CZERO(100) ,BONE(100),BZERO(100),5(100)
3,DONE(C1GO0),DZERO(100),XX(200,25) ,FF(200,25),INTER(25),IFC(25)
4,FC(25),WH(100) ,TP(100) ‘

COMMON INPUT,QUT,ICNT,0OCNT,TYPE/AREA1/PRINCN,INTCNT,PROTCN,NOGA
1,NODNUM/AREA2/TVALUE, I/AREA9/ONECNT, ZERCNT , SENCNT/AREAL10/X, TOTA
WOV, XIN)=1m (XIN=1)%5, 0%XY/ (1=XV)

READ(21,%) ,XIN

READ(21,*}((X(I,J),J=1,PRINCN),I=1,XIN)

NV=1

POT=PRINCN+INTCNT

CALL TIMER(TIMEL)

DO 567 B1=1,PROTCH

RZ2=R1+POT

BONE(B2)=1

BZERD(BR2)=1

CONTINUE

INITIL=1

Y¥=¢

YY=YY+1

DO 10600 Y=INITIL,XIN4INITI] =1

N0 280 J=1,PRINCN

TVALUE(J)=X(Y,J)

- IF(TVALUE(J).EQ.0)GO TO 279

QNECNT (J)=0ONECNT(J)+1
GO TO 280
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03800 279 ZERCNT(J)=ZERCNT (J)+1

03900 2890 CONTINUE

04140 I=1
04100 300 G0 TO (310,312,314,316,318,320,322,324),TYPE(IL)
04200 310 CALL AND
54300 GO TO 340

044¢0 312 CALL OR

04560 GO TO 340

04600 314 CALL NAND

04700 GO T0 340

04800 316 CALL NOR

04900 GO TD 340

£5000 318 CALL XOR

051900 GO TO 340

05290 320 CALL XNOR

05300 GO TD 3490

05400 322 CALL NOT

N5500 GO TN 340

05600 324 CALL CONT

05740 340 I=1+1

05800 TF(I.LEL.NOGA)GO TO 300

05900 1004 CONTINUE

06900 no 342 B=1,NODNUM )
06160 CONE(B)=0ONECNT(B)/XIN

06200 CLEROD(B)=ZERCKNT(B)/XIN

06390 S(B)=SENCNT(B)/XIN

06400 342 CONTINUE

66500 DO 378 Z=1,NOGA

06600 P=NOGA=Z+1

06740 M=ICNT(P)

6680¢ GO TO (367,369,371,373,375,375,375,376), TYPE(P)
06900 367 DO 368 L=1,M

0INGn BONE(INPUT(P,L))=BONE(OUT(P,4))*CONECOUT(P,1))/CONECINPUT(P,L))
07160 BZERO(INPUT(P,L))=BZERO(OQUT(P, 1) Y*(SCINPUT(P,L))~CONECOUT(P,1)))
97200 1/CZERO(CINPUT(P,L))

07300 368 CONTINUE

07499 GO TO 378



#7540
NT7600
07700
n7800
07900
08000
08100
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08300
084y0
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DU 37¢ L=1,HM
RZERN(INPUT(P,L))=BZERD(OUT(P, 1) Y%CZERO(OUT(P,1))/CLERD(
1INPUT(P,L))
RONECINPUT(P,L))=BONE(DUT(P,1))*(S(INPUT(P,L))=CZEROCOUT(P,1)))
1/CONE(INPUT(P, L))

CONTINUE

GO TO 378

PO 372 L=i,M

BONE (INPUT(P,L))=BZEROCOUT(P, 1) )*CZERD(DUT(P,1))/CONE(INPUT(P,L))
BZERO(INPUT(P,1,) Y=BONECOUT(P,1))*(SCINPUT(P,L))=CZERO(OUT(P,1)))
1/CZEROCINPUT(P,L))

CONTINUE

GO TO 378

DO 374 L=1,M

BZERO(INPUT(P,1,) )=BONE(OUT (P, 1) ) *¥CONE(OUT(P,1))/CZEROCINPUT(P,L))
RONE(INPUT(P,L))=BZEROCOUT(P,1) ) *¥(S(INPUT(P,L))=CONE(QUT(P,1)))

1/CONECINPUT(P, L))

374

315

478

376

31

378

897

CONTINUE

GO TO 378

N0 475 L=1,M _
BONECINPUT(P,M))=BONE(OUT(P, 1))
BZERO(INPUT(P,M))=BONE(OUT(P,1))
CONTINUE

B1CONT=0

RGCONT=0

DO 377 Q=1,0CNT(P)
BICONT=BL1CONT+RONE(CQUT(P,Q))
RUCONT=BOCONT+RZERO(OUT(P,Q))
CONTINUE '
BONE(INPUT(P,1))=B1CONT/OCNT(P)
BZERD(INPUT(P,1))=BOCONT/QCNT(P)
CONTINUE

WRITE(22,897)

FURMAT(//5X, NODE*,3X,* CO *,3X,” ¢t ‘*,3%,” B1L *,3X,° BO
1,3%X,” D1 *,3X, DO )

PO 385 F=1,NODNUM

NDONE (F)=BZERO(F)*CZERQ(F)



PAGE: 4

STAFAN
11200 DZERO(F)=BONE (F ) ¥CONE (F)
11300 C WW (2%F )=W (DONE (F) , XIN)
11400 ¢ W (2%F=1)=W (DZERO(F) , XIN)
11590 | TP (2¥F)=(1.0=DONECF))XIN
11660 TP(2%F=1)=(1.0=DZERO(F))XIN
11700 XX (2XF,YY)=1,0=TP(2¥F) /WH ( 2%F)
11800 XX(2KF=1,YY)=1,0=TP(2¥F=1)/H¥ (2¥F=1)
119¢0 385 CONTINUE
12000 N0 997 KK=1,NODNUMN
12190 WRITE(22,998),KK, CZERO(KK) , CONE (KK) , BONE (KK) , BZERQ (KK) , DONE (KK)
12200 1,DZERD (KK)
12300 998 FORMAT (5X,T4,3X,F6.4,3X,F6.4,3X,F6.4,3X,F6.4,3X,F6,4,3X,F6.4)
12400 INITIL=INITIL+XIN
12500 IF(YY.LT.NV)GO TO 250
12600 DO 91 KF=1,2*¥NODNUM
12700 INTER(1)=(1,.0=XX(KF,1))XIN
12890 FFCKF,1)=1,0=INTERC1) /WW (XX (KF, 1), XIN) y
12900 IF(NV,EQ.1)GO TO 92
13000 DO 92 JF=2,NV
13106 INTER(JF)=INTER (JF=1)%(1,0mXX (KF,JF))XIN
13200 FF(KF,JF)=1,0=INTER(JF)/WW (XX (KF,JF) ,XIN)
13300 92 CONTINUE |
13400 91 CONTINUE
13500 PO 98 JL=1,NV
13600 DO 96 KL=1,2*¥NODNUM
13700 IFC(ILI=TFC (JL)4+FF (KL, JL)
13800 96 CONTINUE
13900 FCCJL)=IFC(JL) / (2¥NODNUN)
14009 WRITE(22,97),FC(JL)
14100 97 FORMAT(///5X,*FRACTION OF FAULTS DETECTED = *,F7.4)
14200 98 CONTINUE
14309 CALL TIMER(TIMER)
14400 TIMESTIME2=TIME]
14590 WRITE(22,587),TIME |
14600 587 FORMAT(///5X,*TIME TAKEN TO ESTIMATE FAULT COVERAGE =7,I5)
14700 RETURN

148u0 END
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15050 C ROUTINE TO SIMULATE AND GATE

IR EEEEE R P R R R e et E e EEE e R R P S
182006 SUBROUTINE AND |

15390 IMPLICIT INTEGER(A=Z)

15400 REAL ONECNT,ZERCNT,SENCNT

15500 DIMENSION ICNT(100),0CNTC100),TYPE(100),INPUT(100,10)

15609 1,TVALUE(100),X(1024,10),0NECNT(100),ZERCNT(100),SENCNT(100)

15700 3,00TC10C,10)

15800 COMMON INPUT,OQUT,ICNT,QCNT,TYPE/AREAL/PRINCN,INTCNT,PROTCN,NOGA

159¢0 1,NODNUM/AREA2/TVALUE,T/AREA9/ONECNT ,ZERCNT , SENCNT

16000 N=0

16100 DO 16 J=1,ICNT(I)

16200 IF(IVALUECINPUT(I,J)).EQ,1)GO TO 10

16300 K=J

16400 N=N+1

16500 10 CONTINUE

16600 IF(N.EQ,0)GD TO 110

16790 IF(N,GT.1)GO TO 165

16800 SENCNT (INPUT(I,K))=SENCNT (INPUT(I,K))+1

16900 105 TVALUE(OUT(I,1))=0

17090 ZERCNT(QUT(I,1))=ZERCNT(OUT(I,1))+1

1716¢ GO TO 130

17200 110D TVALUECQUT(1,{))=1

17300 ONECNT(OUT(Y,1))=0NECNT(OUT(I,1))+1

17409 DO 120 J=1,ICNT(I)

17540 SENCNT(INPUT(I,J))=SENCNT(INPUT(T,J))+1

17690 120 CONTINUE

17700 130 RETURN

178¢0 END

LRI T e -t e S e T e e e e e PP P P

18060 ¢ ROUTINE TO SIMULATE NAND GATE

IR R e e e e e e e T T e P Y P P E T

182060 SUBROUTINE NAND

18300 TMPLICIT INTEGER(A=Z)

184¢0 REAL ONECNT,ZERCNT,SENCNT

18500 DIMENSION ICNT(100),0CNT(100),TYPE(L10Q),INPUT(100,10)
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20200 |

20360
26440
20500
20600
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1,TVALUE(100),X(1024,10) ,ONECNT(100) ,ZERCNT(1G0),SENCNT(100)
3,0UT(100,10)

coMmon INPUT,QUT,ICNT,OCNT,TYPE/AREAL/PRINCN,INTCNT,PROTCN,NDGA
1,NODNUM/AREA2/TVALUE, I/AREAQ/ONECNT , ZERCNT, SENCNT
N=0

DO 10 J=1,ICNT(I)

IF(TVALUE(CINPUT(I,J)).EQ,L)GD TO 10

K=y

N=N4+1

CONTINUE

IF(N.EQ.0)GO TN 110

IF(N,GT.1)60 T0 105
SENCNT(INPUT(X,K))=SENCNT (INPUT(T ,K))+1
TVALUE(DUT(I,1))=1
ONECNT(OUT(I,1))=0ONECNT(OUT(I,1))+1

GO TO 13¢

TVALUECOUT(I,1))=0

ZERCNT (DUT(I,1))=ZERCNT(DUT(I,1))+1

PO 120 J=1,ICNT(I)
SENCNT(INPUT(L,J))=SENCNT(INPUT(I,J))+1

CONTINUE ‘

RETURN

END

TN Ay W T ot T Sn M ey G WS g A AN T B N g W g S W D o Poim AR ot SO ST AN g ST Y O i S yaas S G WA e SR P e T o Gy o S e SR SO O s W it W A S e
T BIR T t T TD w  s WS TOV gy W VO g W W BN M e W oy o % w (s Gt S WUt Y e g #Y P S ow P o T A R aug e e e e W e et W o e g o e . S v

T v W T in S o i i Ve W O 2 TV P T Ty 971 O R 0 o WO e G AN ol o TR L WS e SO ama WS S B gyun AU T TN TS ok Wy 05 WD WX e WY s W Y S G M g

SUBROUTINE OR

IMPLICIT INTEGER(A=-Z)

REAL ONECNT,ZERCNT,SENCNT

PIMENSION ICNT(100),0CNT(100),TYPE(100),INPUT(100,10)

1, TVALUE(100),X(1024,10) ,ONECNT(100) ,ZERCNT(100),SENCNT(100)
3,0U0T(100,10)

COMMON INPUT,QUT,ICNT,0CNT,TYPE/AREAL/PRINCN,INTCNT,PROTCN,NOGA
1,NODNUM/AREA2/TVALUE,I/RREA9/ONECNT,ZERCNT, SENCNT

N=Q

DO 10 J=1,ICNT(I)

IF(TVALUECINPUT(T,J)),EQ.0)GD TO 10
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22360 K=
22440 N=N+1
22500 10 CONTINUE
22600 IF(N,EQG.0)GD TO 110
22700 JF(N.GT.1)GD TO 105
22800 SENCNT (INPUT(I,K))=SENCNT (INPUT(I,K))+1
22960 105 TVALUE(OUT(I,1))=1
23%00 ONECNT(OUT(I,1))=0NECNT(OUT(I,1))+1
23100 GO TO 130
23200 110 TVAQUE(DUT(1;13J=O
23309 ZERCNT(OUT(I,1))=ZERCNT(OUT(I,1))+1
23400 DO 12¢ J=1,ICNT(I)
23500 SENCNT(INPUTCI,J))=SENCNT (INPUT(I,J))+1
23600 120 CONTINUE
23709 13¢ RETURN
238¢0 END
PERLEL SRR e e b e b S R R e e e - et R Y SR 9
24000 C ROUTINE TO SIMULATE NOR GATE
24160 ot e e E B R e e e e e e
24200 SUBRDUTINE NOR
243¢0 IMPLICIT INTEGER(A~Z)
24400 REAL, ONECNT,ZERCNT,SENCNT
24500 DIMENSION ICNT(100),0CNT(100),TYPE(100),INPUT(100,10)
24600 1, TVALUEC106),X(1024,10) ,ONECNT(100),ZERCNT(100),SENCNT(100)
24700 3,0UT(100,10) |
248&G COMMON INPUT,QUT,ICNT,DCNT,TYPE/AREAL/PRINCN, INTCNT,PROTCN,NOGA
24900 1,NODNUM/AREA2/TVALUE, I/AREAS/OQNECNT ,ZERCNT , SENCNT
25900 N=0
25100 DO 10 J=1,ICNT(I)
25200 IF(TVALUECINPUT (I, J)).EQ,0)G0 TO 10
25340 K=
25400 N=N+1
25500 10 CONTINUE
25600 IF(N.EQ.0)GD TO 110
25760 IF(N,GT.1)GO TO 105
25200 SENCNT(INPUT(X,K))=SENCNT (INPUT(I,K))+1

25900 195 TVALUE (OUT(1,1))=0
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26000 ZERCNT(OUT(I,1))=ZERCNT(OUT(I,1))+1
26100 GO TO 130
26200 110 TVALUECOUTC(I,1))=1
~ 26309 ONECNT(CUT(I,1))=0ONECNT(OUT(I,1))+1
26450 DO 120 J=1,ICNT(I)
26590 SENCNT(INPUT(I,J))=SENCNT(INPUT(Y,J))+1
26600 120 CONTINUE
26700 130 RETURN
268y0 END
I R T R T T e e e e e e s P P P
27000 € ROUTINE FOR XOR GATE
PR A EE L - e e e e R e e e R Y P b e
27200 SUBROUTINE XOR

IMPLICIT INTEGER(A~Z)
REAL ONECNT,ZERCNT,SENCNT

27590 DIMENSION ICNT(100),0CNT(100),TYPE(L00),INPUT(100,10)

27600 ,TVALUE(100),X(1024,16) ,0ONECNT(100) ,ZERCNT(100),SENCNT(100)
27790 T (190,10)

27860 MMoN INPUT,0UT,ICNT,OCNT, TYPE/AREAL/PRINCN, INTCNT,PROTCN,NOGA
27940 1,NODNQUM/AREAZ/TVALUE, 1/AREA9/ONECNT , ZERCNT , SENCNT

28000 :

28100 JICNTCI)

28290 PUTCL,J))=SENCNT (XNPUT(I,J))+1

26300 IF (TVALUEXINPUT(I,J) ). EQ.Q)N=N+1

28400 10 CONTINUE | '

28500 IF((N,EQ,0).0R, (N,EQ,2))G0 10 50

28600 TUVALUECOUT(I,1))=1

28700 ONECNT (OUT(I,1))=0ONECNT(OUTC(T,1))+1

28800 GO TO 60

28900 50 TVALUECOUT(I,1))=0

29000 ZERCNT (OUTCX,1))=ZERCNT(OUT(I,1))+1

29100 60 RETURN

29200 EiiD

29300 (s==ssSECsInEERE R R N R R R N N N N S N N SRS TR SRS S s SIS s RS
29400 C ROUTINE FOR XNOR GATE

2(_)5(}0 C::::::::::::::::‘:::::=:2:‘2:::=====:’:‘=====:=====:2."-’-::::::::::::::::::::::

29600 SURROUTINE XNOR
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29700 IMPLICIT INTEGER(A=Z)
2984yn " REAL ONECNT,ZERCNT,SENCNT
29900 DIMENSION ICNT(100),0CNT(100),TYPE(100),INPUT(100,10)
30000 1,TVALUE(100),X(1024,10) ,0NECNT(100) ,ZERCNT(100),SENCNT(100)
30100 3,00T(100,10)
30200 COMMON INPUT,OQUT,ICNT,QCNT,TYPE/AREAL/PRINCN,INTCNT,PROTCN,NOGA
303¢n 1 ,NODNUM/AREA2/TVALUE, T/AREAQ/ONECNT , ZERCNT , SENCNT
30400 N=Q
30500 po 10 J=1,ICNT(I)
30600 S&NCNT(INPUT(I,J))=SENCNT(INPUTCI,J))+1
30700 IF(TVALUE(INPUT(I,J)).EQ.QIN=N+1
30800 10 CONTINUE
30900 IF((N.EQ.0).OR,(N,EQ,2))G0 TO 50
1900 TVALUE(OUT(I,1))=0
31100 ZERCNT(OUTC(L,L))=ZERCNT(OUT(I,1))+1}
312¢0 GO TO &0
313¢0 50 TVALUE(OUT(I,i))?l ,
31442 ONECNT (OUT(I, 1) )=0ONECNT(OUT(I,1))+1
31500 60 RETURN
31640 END
OO EEE R R R L I PR PR P R R P e R P e
31800 € ROUTINE T0 STMULATE NOT GATE
LA ILEe Tt A R e PP e B - e e e P
32060 SUBROUTINE NOT
32100 IMPLICIT INTEGER(A~Z)
32240 REAL ONECNT,ZERCNT,SENCNT
32360 DIMENSTON XCNT(100),0CNT(100),TYPE(100),INPUT(100,10)
32400 1,TVALUE(100),X(1024,10),0NECNT(100),ZERCNT(100),SENCNT(100)
32500 3,0UT(100,10)
32600 COMMON INPUT,OUT,ICNT,OCNT,TYPE/AREAL/PRINCN, INTCNT,PROTCN,NOGA
32709 1,NODNIM/AREA2/TVALUE, T/AREA9/ONECNT , ZERCNT , SENCNT
32800 SENCNT(INPUT(I,1))=SENCNT(INPUT(I,1))+1
32900 IF(TVALUE(INPUT(I,1)),.EQ.0)GD TO 50
33000 TVALUE(OUT(I,1))=0 .
33199 ZERCNT(OUTCX,1))=ZERCNT(OUT(T,1))+1
33200 GO TO 60
33300 50 TVALUE(OUT(I,1))=1
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“33400 DNECNT(GUT(Ipl))=0NECNT(DUT(!,1))+1
33500 60 RETURN
- 33600 END
RO e e e e e e e e e N S e T
33800 C ROUTINE FOR CONTINUITY BLOCK
LR DLV o+ b -ttt e b et e e e S e A 2 b
34000 SUBRQUTINE CONT '
34100 IMPLICIT INTEGER(A=Z)
34200 REAL ONECNT,ZERCNT,SENCNT
34390 DIMENSION TICNT(100),0CNT(100),TYPE(100),INPUT(100,10)
34490 1,TVALUE(100),X(1024,10) ,ONECNT(100) ,ZERCNT(100),SENCNT(100)
34500 3,0U7(100,10)
34600 COMMON INPUT,OUT,ICNT,QCNT,TYPE/AREA1/PRINCN,INTCHT,PROTCN,NOGA
34760 1,NODNUM/AREA2/TVALUE ,I/AREA9/NONECNT ,ZERCNT , SENCNT
3480 SENCNT(INPUT(I,1))=SENCNT(INPUT(I,1))+1
34900 IF(TVALUE(INPUT(T,1)),EQ.0)GD TO 15
35000 DU 10 K=1,0CNT(I) |
351900 : TVALUECOUT(Y,K))=TVALUE(INPUT(I,1))
35290 ONECNT(OQUT(L,K))=0NECNT(DUT(I,K))+1
353¢0 10 CONTINUE
35400 GO T0 60
35500 15 PO 20 K=1,0CNT(I)
35699 TVALUEC(OUT(YL,K))=TVALUE(INPUT(I,1))
35760 ZERCNT(DUT(I,K))=ZERCNT(DUT(I,K1)+1
35800 2¢ CONTINUE
35960 69 RETIURN

36000 END
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