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S TRACT 

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, (Priti.calpath 

tracing and statistical fault analysis have been implemented 

on DW 2050. 

The implementations are valid for combinational circuits. 

The single-stuck'-at fault model has been used. The results 

have been presented in terms of the C.F.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 AND MOTIVATION 

With the complexity of technology on the increase 

computer aided design and testing is becoming 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 fabricate and test the 

digital circuits. This is because it is necessary to (i) check 

the logic before commitment to hardware (ii) Evaluate the 

logic design alternatives. (iii) Verify the fault test procedures 

(iv) Obtain detailed circuit operational reference data 

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

Logic simulation enables digital system development 

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. It 

involves evaluation of signal values in the modelled circuit as 

a function of time for same applied input sequence. 

Logic simulation has two principle application areas - 

(i) design verification 

(ii) fault analysis 
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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 deie by the 

process of fault simulation i.e. the simulation of the 

behaviour of the circuit under various faulty conditions. It 

gives information about - 

(a) The faults detected by the proposed test 

sequence 

(b) Operational characteristics of the circuit under 

specific fault conditions. 

(c) The degree of fault resolution obtainable with 

a given test sequence [ 3] 

One of the uses of fault simulation is to determine 

the fault coverage of a given test sequence. The fault 

coverage is defined as the ratio of the number of faults 
detected to the total number of faults simulated. It is a 

measure of test quality which can be used to improve the test 

sequence. 

For larger and more complex circuits the C.P.U. time 
required for fault simulation increases. Various fault simula-

tion algorithms and alternatives have emerged in responsa`' to 

this rapidly ese-a1ating C.P.U. time. 
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Most of the fault simulators that have been 

implemented till date 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 se-t of faults are simulated concurrently. 

(3) Deductive simu] ati.on -- In this category all fault 

symptoms are propogated from the site of failure to circuit 

outputs by use of fault list,  manipulations. 

,Some alternative simulation techniques have also been 

proposed. The main among them are 

(i) Cr tical Path Tragng - It. is a recursive path 

tracing algorithm in which detected faults are only considered. 

(ii),.Statist cal 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 techniques 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 I)EC-2C50. 
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Here combinational circuits have been considered 

and, the single stuckb 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 the various fault simula-

tion techniques and alternatives. It attempts a critical analysis 

of the various techniques. 

Chapter 3 deals with the implementation of the various 

techniques considered. Each implementation has been explained 

in terms of the data structures 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 the 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 differ 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 advantal~es 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 technique involves simulation of 

one fault at a time. The fault free circuit is simulated 

initially. Then the circuit model is modified to accomo-

date a single logical fault. Stuck type faults are inserted 

by simply setting the stuck signal to the approperiate 

constant value• 
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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 

methods. 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 of 

faults simulataneously by virtue of the fact that the 

operations in the host computer are word-oriented. The 

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 necessary 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-1/s-a-0 
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fault is inserted by ORing/ANDing with a fault mask 

having a 1/0 in the faulty bit position and 0's/1's elsewhere 

[3,12). 

If the word size is 'n', then n.= n — 1 different 

faults can be processed simulatanooue1y . Processing of 

nf 'different faults simultaneously is called a pass. 

If NF  different faults are to be processed [NF/nf] 

passes are required. Independent faults can be processed 

simultaneously to reduce the number of passes. 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 iS the number of output 

lines 'o' in the circuit. Sc) the minimum number of 

passes is INF/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 time, 



by doubling W twice as many faults can be processed 

in the same time. If the host machine has string operat-

ors, then even further efficiencies can be achieved [4]. 

The basic advantage of parallel simulation is that 

the gate's output fault word is computed by simple 

logical operations on input fault words and the memory 

requirements are meagre [5). 

2.3 Deductive Simulation 2 3 4 5 11 

Deductive simulation is based upon the concept, 

that if the inputs to logic elements and the affect 

of faults on the circuit for these input values arc known 

the output of the element under all fault conditions can 

be deduced. Instead of computing the signal values for 

all faults being simulated (as in the case of parallel 

fault simulation), this method computes signal values 

for fault free circuit, and deduces the faults that will 

cause each signal to have a value different from its 

fault free value. This is accomplished by using the 

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

The deductive simulation can process all faults 

via, a one pass simulation. This is done by simulating 

the fault—free circuit, and by associating with each 

line a in the 'circuit a set of list La  which contains 

the name of every fault which produces an error on the 
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line 'a+. The deductive simulation method involves 

determining the output true values and fault lists of 

elements from their input true values and fault lists. 

The true value of an element output is computed whenever 

one or more of its input true values change. The output 

fault list is computed whenever any of its input true 

values or fault lists change. Set Algebra is used for 

fault list computations. The equation used for computing 

the output fault list depends not only on the type of 

the gate but also on its input values (3,113. 

The deductive simulator is typically table—

driven event directed. There are ttwo types of events—

logic events which occur when a signal line takes on a 

now logic value and list events which occur when a fault 

list La  changes i.e. either gains or losses one or more 

entries [2,4). 

- 	The basic algorithm for. the propogation of fault 

lists is given below : 

I. If the value of 4J in the normal circuit is 
0(1), let E(x1,x2.... ,xn) be a sum of 

products or product of sums Boolean expression

for J (45) in terms of the inputs to the 

element xl,x2,.,., xn. If the value of an 
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input variable xi  in the normal circuit 

is 0, replaced(all appearances of ) xi  in"E 

by Lx , and all appearances of x 
i 	

i  by Lx  
 •1 

if the value of x in the normal circuit is 

1,. replace xi  by Lx  and xi  by Lx  . Replace, 
by ( and + by U. 

(2) If d is the element output add di(d0) 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 

incorrect (for deductive simulation) is usually more 

complex than that required in determining the output 

of a gate for the normal and faulty circuits simul-

taneously (i.e. in parallel simulation). However, a single 

pass through the deductive simulation program is suff-

icient to determine the effects of a large number of 

faults. Thus, the computation time required for simul-

ating a large number of faults is reduced, but at the 

expense of the memory requirements. 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 Simulation :A variation of Deductive 

Simulation 13-5,131 

This technique has been proposed by Ulrich and 

Baker [13]. It is a variation of the deductive simuir 

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 evaluated. 

In the deductive technique each input vector 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 complete 

re—assesment of each of the model fault lists irres-

pective of whether an update has caused the data to 

change. On the otherhand the concurrent 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 of the 

features of one fault—at—time simulation since the 

evaluations of fault—free and faulty signal values are 

one explicitly one at a time [5]. 

However, only these elements whose inputs and/ 

or states in the presence of any fault are different 



12 

from their fault free values, are evaluated. 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 simulation, 

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 simulator 

only processes active circuits in contrast to deductive 

simulation. The difference in the processing performance 

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 simulation 

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 free simulation are available for fault 

simulation. 

2.5 Critical Path Trag 11,11 1 • 

This method is based on the analysis of s~tnsitive 

traces. It is a reversal of the critical cube generation 

[11,15] and is essentially based on the observation that 

failures along a sensitive trace are detected at the 

circuit outputs along the sensitive paths. 

This is a more efficient alternative to fault 

simulation. It involves fault free simulation of the 

circuit 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 below : 

1. Significant saving is achieved in this 

technique as it directly identifies the 
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faults detected by a test without simulating 

all possible faults. 

2. Since it deals with faults implicitly, 

so fault enumeration, fault collapsing, 

fault—partitioning etc. are not required. 

3. Being a path tracing 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 detected some faults 

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 

run. 

Next it marks the primary outputs as critical 

and then proceed on to a recursive tree traversal 

procedure so as to mark the sunsitivo 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 branches has to be made. With 

roconvergent fanout the phenomenon of self— masking 

asserts itself if the inversion parity of the different 

roconvergent paths is different. As a result a stem  steani 

need not always bo 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 

procedure explained above are applicable. A primary 

output is critical and this gives the starting point of 

the algorithm. Backtracing critical paths inside and 

ffR may identify some of its input as critical. An ffR 

input is either a primary input without fanout or a 

fanout branch. To determine whether the stem is critical, 

given that some of its fanout branches are critical, 

stem analysis is needed. 

Stem analysis is done by using the concept of 

capture line. A line y is said to be sensitized to a 

fault on line x is the effect of that fault propogates 

from x to y. If a test t sensitizes line y to f, but 

does not sensitize any other line with the same level 
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1. Basic algorithm 

for every primary output z 

[stems to check = 

Extend Z 

while (stems to check = 
C 

j = highest level stem 

remove j from stems to check 

if critical (j) then Extend (j) 

2. Exterid(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 sensitive (j) then extend (j) 

3. Critical (i) 

[ frontier = (fanouts of i] 

repeat 

i = 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) 

] 
1 

i tRE 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 patties on 

which the effect of f can propogate to the primary output 

in the test 'tt. 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 above technique of stem analysis involve imp-

licit fsult effect propagation. This is the propogation 

of faults without explicitly computing the faulty 

values and is based on the marking of sensitive gate 

inputs done during the true value 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. 2.1 

The basic algorithm required for the implimenta-

tion of this technique is shown in Figure 2.2- It 



assumes that the true value,,e-1mulation includin the 

marking of the sensitive inputs has been performed. 

The critical path tracing»si(- 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 performance of this algorithm is 

strongly influenced by the fanout structure of the 

circuit and less by its size. It is claimed that an 

the average critical path tracing wasr.6D% faster than 

the concurrent simulator. Only in the most case circuit 

are increase of about 30 time was registered with 

critical path tracing. 

The key factors contributing tb the increased 

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

1. It deals directly 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 n.  Figure 2.13 

to illustrate certical. path tracing. 

I 



FIG. 2.3 
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2.6 Statistical Fault Analysis,-8,_9 12 • 
■ t A 

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 got increasingly burden some. The 

fault simulation techniques consume CPU time and 

memory at a rate increasing at least as the square of 

the number of gates in the circuit. This is a serious 

limitation [8). 

Stafan has 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 statia-

stics. It produces an estimate of the fault coverage 

by the vector stiwtit 	used in simulation. It makes 

use of the concepts of controllability and obscrvab-

ility with one defined as follows : 

(a) C1(f) [CO(f)] or one-controllability [zero-

controllability ] is the probability of 

the line f having a value of one [zero[ or 
a randamly selected vector. 

(b) Bl(f) [BO(f)) or one-observebility[zero-

observability] of a line f is the probability 

of observing or one [zero] on the line f, 

at the primary output [8]. 
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GateJ 
type 

Quantity Expression 

AND B1(I/P) B1(0/P).C1(O/P)/C1(IP). 

BO(I/P) BO(0/P).(3(I/P)—C1(OIP))/CO(I/P). 

OR B1(I/P) B1(0/P),(S(I/P)—CO(0/P)/C1(I/P) 
BO(I/P) BO(O/P).00(O/P)/C0(I/P) 

NAND B1(I/P) B1(0/P).00(O/P)/C1.(I/P) 
BO(I/P) BO(O/P).(S(I/P).(S(I/P)--CO(0/P))' C1(I/P) 

NOR B1(I/P) BO(O /P).(S(I/P)-C1(O/P))/C1(I/P) 
BO(I/P) B1(0/P).C1(O/P)/CO(I/P) 

	

Not/ B1(I/P) 	 B1(O/P) 

	

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

	

CONT B1(I/P) 	U 	Bi(0/P) ; 
i = 1 
m 

	

BO(I/P) 	U 	130(D/P) ; where m = fanout [13]. 
i = 1 

Figure : 2.L 
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To evaluate the, controllabilities we associate 

with each mode of the iveri circuit a one-canter and 

zero-canter. After simulating 'n' different test vectors 

the controllabilities are estimated as follows 

one-cont 	 zero cont (1(~' ) - n ---~- and co(f)    = 	n 

An additional sensitization counter is associated 

with every node for the estimation of observabilities. 

This canter is incremented only when the path from the 

corresponding line to the gate output is sensitized. The 

se kijktion propability is estimated as 

S(A) ̀  sensitization-cunt 
n 

Corn compute the observabilities B1 and B0 for 

the PO's one set to unity. Next they are propagated 

towards the primary inputs. The formulae for the eval-

uation of the observabilities of the inputs of various 

gate type are shown in Figure Z:4 [9]. 

For fanout points the obserability of the input 

is given by 

m 
BO(f) = (1 - a)max 	[BO(ik )] + a U 	BO(ik ) 

1<K<m  k=1 

Here ik 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 

Dl(f) = BO(f).CO(f) 

similarly for f —s—a-0 we have 

DO(f) = Bl(f).Cl(f) • 

From the detection probabilities the fault 

coverages can be estimated after normalization. 

Two types of operation are required 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 + ani + a) ; 
where, 

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

nI = avg. No. of gates in a loop 

and a < 1 

Being a statistical met-hod 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 results. 
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2.7 Comparison of the Different Techniques 1 4 5 8 10 ll 

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, speed, 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 generally 

results in a growing fault list and a larger number of 

tests being required to test 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, 

the deductive fault simulator is faster but the pallel 
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 [11]. 
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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 [ii). 

In the case of deductive simulation more storage 

is required for sequential circuits due to larger test 

sequences and longer fault lits. The length of fault 

lists can vary widely requiring dynamic storage 

allocation. The performance of deductive simulation can 

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 parel.lel simulator requires less 

C.P.U. time and fault storage [5]. 
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Concurrent simulator is expected to require more 

storage since in this method 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 the 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 fault free circuit. In the case of deductive 

simulation, no information about faulty values 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 faults detected by multiple path 

sensitigation are not identified as detected by this 

technique [1]. 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 complexity 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 statistical fault 

analysis. It gives an estimate of the fault coverage 

by using true value simulation. It does not explicitly 

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 

undertected fault data obtained for the actual circuits 

are shown to agree within 5 % of fault simulation 

-results, yet the C.P. time and memory requirements 

fall short of those required in fault simulation. A 

disadvantage of this method is that it does not give 

information on exactly which faults are doected by a given 

test sequence [8,10]. 



CHAPTER ►- 3 

IMPLEMENTATION 

This chapter deals with the design and implementation 

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 the particular implement. 

ation. All the methods implemented use stuck-at-fault mode-

lling. 

3.1  ~oc~ssi 

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 description 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. 

3.1.1D to S tructures_ for preprocess ink 

The convention adopted is to express all primary 

inputs as X1, X2,....'.,Xn, all interconnection nodes as 

C1,C2, . , . , Cn 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 
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with an integer greater than the integer used to label the 
devices interconnection inputs. 

A language has been defined to describe the logical 

circuit. This language consists of 	, 

(.) Device number 

(ii) inputs to the device 

(iii) outputs of that device 

(iv) Type of the devioe. 

A slash - t/*  has been used as a delimiter character 

identify the data baundaries as described above. 

The general format of an input record is shown 
below.  

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

The various options allowed are given below 

Device number = Gi 

Input 	= Xi, Ci 

Output 	= Ci, Zi 

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

Here CONT represents a continuity block between is a 

fanout point in the circuit. All other devices are standard 

logic gates. 

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 saw. intermediate line Ci, similarly outputs of a device 

can be either an intermediate connection is or a primary 

output Zi. 

The data structures created from the given circuit 

description are enumerated below. 

1. TYPE : This gives the type of the gate interms of the 

device code. 

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 $ It is the number of output to the gate. 

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

6.  PRI NCN = number of primary inputs in circuit. 

7.  PROTCN = number of primary outputs in the circuit. 

8.  INTCNT number of interconnection 

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

10.  NOG = total no. of gates in the circuit. 

Besides the 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. 



Cl 

C2 

$2 
X1 

FIG. 3.1 (a) 



Gl/Xl,X2/Cl/AND/ 

G2/ Cl/ C2 , C 3/ CONT/ 

G3/X3,C3/CA/OR/ 

G4/ C4/ C5, Z 2/ CONT/ 

G5/C2, C5/Z1/AND/ 

(b) Ckt description 

—'ate 	. m>. a-- w—r ..-o  

Symbol 	X1 	X2 	X3 	Cl 	C2 	C3 

Code 	1 	2 	3 	4 	5 	6 

Symbol C4 C5 Z1 Z2 

Code 	7 	8 	9 	10 

(c) Node Coding 

Gateno. tie_=, icnt inputs ocnt outputs 

l 1 2 1,2 1 4 

2 8 1 4 2 5,6 

3 2 2 3,6 1 7 

4  8 1 7 2 8,10 

5 1 2 5,8 .1 9 

(d) Generated description. 
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(e) Connectivity description. 

3.1.2 Al orithms_for ire rocessin 

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 seperate 
to 

entity/differentiate 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 gatos in NOGA 

(b) ,Read the circuit description in CKTDES so that each 

row gives description of are gate in Al format. 

31 



32 

3. Change the numerals in CKTDES from A to I format as 

follows 

Repeat 

Repeat 

if CKTDES(J,I)=iNDEX(G) for any ,I then 

CKTDES (JAI) = Cl- 

if CKTDES(J,I+l)=INDEX(G)then 

CKTDES (J, I )4 - CKTDFS (J, I )m to+(G-1) 
until all indexes are considered 

until all gates are considered. 

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

outputs as follows: 

Repeat 

1.*.2 

Repeat 

if CKTDES(J,I)= Xt  then 

• if PRINCN<CKTDES (J,I )then PRINCN - CKTDES (J,, I+l ) 

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

if INTCNT<CKTDES (J,I+l)then INTCNT - CKTDES (J,I+1) 

if CKTDES , (J,I)=t  Z t  then 

if PROTCN<CKTDES(J,I+l) then PROTCN<- CKTDES(J,I+l) 

until the present row is covered 

until all gates are considered. 
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5. 	Delineate the different fields in the description 

into CON (I,D,N) with I as pointer to gate number, D 

as pointer to the field number and N as pointer to the 

data in the field as follows 

Rep eat 

D!r 1 

J4•0 
N<.- 1 

Repeat 

if CKTDES (I,J) 	1*  then 

begin 

C0N(I,D,N) 4 CKTDES (I,J) 

Increment N 

end; 

else 

begin 

CON(I,D,N)<- CKTD1 S(I,J) 

N- 1 

Increment D 

end 

until D-5 

Until all gates are coused by I 
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6. 	Create the data field ICNT, INPUT, OCT, OUT and TYPE 

Gate type coding is dare as follows 

if CON(I,4,J) . ' AND' then TYPE(I) <- 1 

if ClON(I,4,J) . 'OR' 	then TYPE(I) 	2 

if CON(I,4,J) = 'NAND' then TYPE(I) 	3 

if CON(I,4,J) = 'NOR' then TYPE (I) (-- 4 

if CON(I,4,J) - 1 XORt  then TYPE (I) <- 5 

if CON(I,4,J) = 'XNOR' then TYPE (I)E 6 

if CON(I,4,J) = 'NOT' then TYPE (I) F 7 

if CON(i,4,J) R 'CONT' then TYPE (I) F 8 

Repeat 

ICNT(I)<- 0 

OCNT(I )4.  0 

Repeat 

N<- 0 
Repeat 

increment N 

if CQ (I,D,N) = 'X' then 

begin 

increment N 

increment ICNT(I) 

NODE (CON(I,D,N ),1) !4. 1X' 

NODE (CON(I,D,N),2)4 CON(I,D,N) 

INPUT(I, ICNT(I)) • CON (I,D,N) 

end 

if CON (I,D,N) = 1  Ct  then 



35 

begin 

increment N 

NODE(C0N(I,D,N)+PRINCN,l) I C1 . 

if d A 3 then 

begin 

increment ICNT(I ) 

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 (I ) 

OUT(I ,OCNT(I))• CON (I,D,N)+PRINCN 

MODE (CON(I,D,N)+PRINCN,2)(-CON(I,D,N) 

end; 

if CONC(I,D,N)='Z' then 

begin 

increment N 

increment OCNT(I) 

0UT(I,OCNT(I )(—CON(I,D,N)+PRINCN+INTCNT 

NODE(CON(I,D,N)+PRINCN+INTCNT,2 CON(I,D,N ) 

end; 

until CON (I,D,N) = '1' 
until all gates are considered 
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7. Create connectivity matrix 
Repeat 

N F/10 
CONECT(1,F+2) <. N 
CONECT(2,F+2)<- F-Nx 10 

CONECT(F+2,1){~i 
CONECT (F+2, 2)(.F•,Nm10 

Repeat 

Repeat 
if INPUT(g,h)-,F then 

CONECT(F+2, OIJT(G,l)+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. 

3.2 PAR'~ALLEL SIMULATION 

This technique involves logical operations at the bit 

level between the computer words. This is possible only in assembly 

language 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 which the MACRO subroutine for parallel 

simulation has been called. The data structures and algorithm of 

of routine PALSIM have been discussed here. 
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3.2.1 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 corresponding node. 

To account for faults generated at the node the bit numbers 
(2i node no •-1) and (2i node.no•) are set to 0 and 1 res-

pectivelyl. This is done by defining the logical length of a 

byte =2 bits and using the Adjust byte pointer instruction. 

At the end of the simulation the program compares the 

different bits in the primary output ward with the fault free 

bit (i.e. bit no.l)-. If faulty it evaluates the fault no. 

and stores it in FTDT which keeps track of the fault numbers 

detected. 

3.2.2 Algorithm for Parallel simulation P~roo_raamm 

The algorithm for the preprocessing program has already 

been given in section 3.1.1,. Here the algorithm for the routine 

PALSIM has been given. 

1-. Save the Accumulators in SREG. 

2. Phase 1: 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) f• Y 

A* -X 

M.f X %NNODES;index into the block of 
memory used for nodes 

N4 0; 

Repeat 

NODE(M) 4- Y : managing multiple 

increment M i words for a node 

increment N 

Until N (NODES , number of words per node 

call Setftt, set faults for this node 
increment X. 

end, (of while) 

3. Phase 2, computation of intermediate and output Nodes 

while X<NOGA Do 

B egin 

W4 X 3c 10; Adjust index for 2D Array 
Z(. TYPE(x) 

R(- INPUT(W)Il;Inputnode 

v- OUT(W)-i; outputnode 

N - 0 
N (- R .t, NNODES 



Repeat 

S(- NODE(M) f Int inputnode 

Y ¢- 1 

Repeat 

Y4-Y+l 

W<" W+l 

R (•. INPUT(w)J. 

R R NNODES+N, remaining inputs 

S 4  S (OP) NODE(R) 

Until Y > ICNT(X) 

If Z=8 then ; continuityblook 

Break to LABLE 11 

Else 

8 egin 

R <. V Y, NIIVODES (+N 

NODE(R) (. S 

Increment N 

Increment M 

end (If) 

Until N > MODES 

CALL SETFLT 

LABLE 11: Increment X 

end (while) 

39 
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4. Phase 3i Check for -faults detected and list them. 

X if PRINCN+INTCNT;S tarting count of output nodes 

C( 0 

while X<NODNTJM Do 

begin 

• B- (i25 ; index into fault list 
M<- X % NNODES s 
R- NODECM 
It fault free output value 
complement all words of this output node 

If R < 0 then 

begin 

D<- M 
N 4~ 1 

while N<NNODF.D DO 

begin 

increment D 

s4 NODE(D) 

s4. COMPLEMENT(S ) 

NODE(D)<- S 

end; (while) 

R4 COMPLEME T(R ) 
end(if ) 

Z 4. NODNU'I A2; total number of faults 

A4. j6 

D (- O 
Rotate R 

W4'17 
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LABEL Z l: 

increment D 
decrement W 

If R<O then; fault detected 

begin 

Increment A 

FTDT (D) <- D; fault number 

Increment B 
end (if) 

If D > Z, then;:  all faults checked 

begin 

increment X 

NFTDT(C)4 A'f total number of faults on this output 

increment C 

(Break to while Loop) 

end; 

Rotate R 
If W>O then;' this word completed 

begin 
Incr.ement M 

R4- NODE(M) 

W{ 18 

end* (if) 

Go TO LABLE Z l 

end'( while) 

5. Restore saved Accumulators 
Return to Main,'i' 
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3.3 DEDUCTIVE~SIMULATION 

The basic algorithm used is given in section 2.3. The 

preprocessing step is the same as in section 3.1. This section 

deals with the data structures and implementation philosophy 

of deductive simulation. 

3.3.1 Data structures used. 

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 
gate, 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 particular 
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 

outputs 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 simulation run are stored in PFT. 
The difference between FT and PFT i.e, additional faults 

detected are stored in AFT,.: 

3.3.2 Algorithms for Deductive Simulation 

The MAIN program is same as the program for preprocessing 

of the circuit. The other routines in this program are SIMU, a 

routine for each gate type. LNION, INTER,COMPLE, OOMPH and 

COMpl'. The Algorithmic flow of this routines is given below: 

1. SIMU 'I This routine controls the whole simulation process 
and outputs the fault detection information for each test. 

It calls the routines for the different gates in accordance 

with the TYPE of the gate'. The steps followed in this routine 

are given below,. 

L 
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(x) 	(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 of all the primary 

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

(b) Assigns the faults, generated at the primary 

inputs as 

if (TVALUE(J)w0) then FG(J)--2 T--l(s-a-0) 
if (TVALUE(J)-1) then FG(J)ft2.iJ (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 FT(I,J)'. 

(iv) For the 1st 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 AFT. 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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2. 	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, CXMPØ, CONP1 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 
so only UNION is called.'.: 

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. 

TABLE 3.1 

INPUTS OUTPUTS 

A 	B AND OR HAND NOR XOR XI~R 

00 0 0 1 1 0 1 

0 	1 0 1 1 0 1 0 

1 	0 0 1 1 0 1 0 

11 1 1 0 0 0 1 

EVALUATION OF TRUE VALUE OF OUTPUTS. 
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TABLE 3 2 

TRUE VALUE 	 TYPE OF GATE 

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

Call 	Call 	Cal- 	Call 
comp 1 	comp I 	comp j$ 	Comp 0 

Call 
Union 

Call 	Call 	Call 	C all 
Inter 	Union 	Union 	Inter 

ROUTINES CALLED BY EACH GATE 

3;k  Procedure Union 'i This procedure evaluates the union 

of the fault lists of the inputs. 

NODEl (M INPTJ`f (I°, 1) 
J4-2 
Repeat 
NODE2 f - INP IJT(I } J) 
if NODE1 then 

begin 
UFT(K)(- JFT(NODE1,K) for all K 
UNFT <- NFTJ(NODEl) 
end; 
Repeat 
if JFT(N0DE2,L)bUFT(K) then 

begin 
if k>UNFT then. 

begin 
increment UNFT 
UFT (UNFT). JFT(NODE2,L) 
end; 
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els e 
increment k 

end; 

else 
begin 
increment L 

end; 
until L=NFTJ(NODE2 ) 
NODEI {w 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°. 

NODEl (.. INFUT(I,1) 
J f 2 
Repeat 
NODE2(INPUT(I,J) 
JNFT <i 0 
if NODEl L; then 

begin 
IFT(K)( JFT (NODE1,K) for all K 
INFT (- NFTJ(NODEl) 
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 'NFT 
IFT(JNFT)(('°JFT (N0DE2,L) 
increment K 
L {- 1 
ends 

until K = INFT 
I NFT (. JNFT 

until J w -ICNT(I ) 

Copy from IFT and INFT to FT and NFT respectively 

Return 
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5. Procedure Cogple - 

This procedure evaluates the complement of a given 

fault list. 

TO 0 
Repeat 
if INPUT (I,G) > T then 

T- INPUT(I, G) 
increment G 

until G= ICNT(I) 

Initialize CFT(NOE,K)to contain all faults upto 2iT 
NCFT(NDE) (. 2sT 
K(- 1 
Repeat 
if FT (NDE,L)-CFT(NDE,K)then 

begin 
decrement NCFT(NDE) 
M <. K 

Repeat 
CFT (NDE,M)<w CFT(NDE,M+l) 
increment M 
until M - NCFT(NDE) 

increment L 
K {w 1 
end 

else 
if K < ICNT (NDE) then 
increment K 

until L = NFT(NDE) 

Return.. 
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6'. procedure CO1P~S~CONP1 - 

This procedure creates the temporary fault list arrays 
JFT. for the input nodes of a gates. It call the procedure 

K (. 1 
Repeat 
NDE- IIWUT(I, K) 
if TVALUE (NDE) = 0(1) then 

begin 
call COMPLE 
A4l 
Repeat 
JFT (NDE,A){ CFT(NDE,A) 
increment A 
until A = NCFT(NDE) 
NFTJ(NDE)6W NCFT(NDE) 
end, 

else 
begin 
AK- 1 
Repeat 
JFT(NDE,A)( GFT(NDE,A) 
increment A 
until A = NFT(IWE) 
NFTJ(NDE)(M NFT (NDE) 
end; 
increment K 

until K = ICNT(K) 

Return. 

(entr 1 	Universit of a r6a 
RQO tKEE 
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314 CRI TI CAL 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. 

3.4.1 Data structures 

This method requires more information about the circuit 

from the preprocessing step than 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 

number of fanout free regions (cones) in the circuit and the 

inputs and outputs 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. Tho output of a c4Ae is either a 

primary output of the circuit or the stem of a fanout .block 

ICON(I) has been used to give the number-  of inputs of 

the ith coxne. CINPUT gives 't'.he inputs and COtif the output of 

the care. 

Since critical path tracing is a recursive procedure so 

at each node a variable is needed 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. 

GRIT gives the criticality of a node. Another variable EXTD has 

been used to identify cones that have already been processed. 

3.4.2 Algorithms for Critic math 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 only if the circuit has 

fanout. 

i (a) Read the number of cones in NOCO 

(b) Read the cone description CONDFS (I,J), each row 

giving description of one cone. 

ii.. Create CONCON sirni3~ar to CON in section 3,1.2. 
iii.. Create ICON, CINPUT, COUT similarly as ICNT, INPUT 

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

oreated as follows. 

I( 1 
Repeat 
K (- 0 

Repeat 
increment K 
L( 1 

Repeat 
if I IUT(K,L) then 

INODE(I) (- K 
until L : ICNT(K) 

L<-1  
Repeat 
if I = 0UT(K,L) then 

ONODE(I) (- K 
until L = OCNT(K) 

Until K=total no. of gates 
Repeat 

Repeat 
if I=CINP'UT(K,L) then 

OCONE(I)4. K 
until all input to ith cone are considered 

until all cones are considered 
Until all nodes are considered 
CONO- 1 
Repeat 
NDE(- COUT(CONO) 
increment NC (NDE ) 
CONE(NDE,NC(NDE)* CONO 
1<-1 
HK(I) (- ONODE(NDE) 
JJ(HK(I )l 1 
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Repeat 

NDE <- INPUT (HK(I),JJ(HK(I ).)). 
increment NC(NDE) 
CONE (NDE, NC (NDE) ). CONO 
if NDE , CINPUT (CONO,L) then 

begin 

if L<ICON(CONO) then 

increment L 

else 
begin 
increment I 
L (- l 
HK(I) (- ONODE(NDE) 
JJ(HK(I ))~l 
end, 

end 
else 

begin 

if JJ(HK(I)) <ICNT(I) then 
increment JJ(HK(I)) 

else 
begin 
if I > 1 then 

decrement I 
L tie- 1 

end, 
until 1=1 and L =1 

until all cones are considered. 

2. 	SIMU S This routine controls the fault free simulation 
of the circuit. 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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3. Routines for gates: The routines for the gates perform 
the following functions!. 

L. true value evaluation of the output of the gate 

ii. 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 

	

0 	 all inputs are sensitive 

	

1 	 the input having controlling 
• value is sensitive 

	

>1 	 no. input is sensitive 

TABLE 3.3. 
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4, Procedure TRACE; 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 assignment of sensitive inputs 
and levels of the nodes: 

Repeat the following steps for all primary outputs. 

1. Initialization 

CRIT(I)<- 0 
EXTD(I)(- 0  for all nodes 

PROP(I)(-.0 

2. Store the current node in NDE 
CRIT (NDE){ . Y 
CALL EXTEND 

3. While the no. of stems to check A 0, repeat the 
following 

begin 

NDE- highest level stem to be checked 

decrement no. of stems to be checked. 
CALL critic 

if CRIT(NDE)=l then 
CALL EXTEND 

end. 

4. Repeat 
if ( IT(I )=.l then 

increment NF'T( output) 
ET(output, NFT)~ FG(output) 

until all nodes are considered. 

5. Return 
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5. Procedure EXTEND 

This procedure is a recursive tree traversal procedure 

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 facility so it has been implemented by 

using a 3rd order variable J(K(I)). 

1. initialization 

1+ 0  
CONO <- c*e no. of the present .fanout free 

region 
EXTO (CONO) 1 

2 ,. Increment I 
K(I) f 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 continuity block to stems 
to chec k 

go to step 5 
end, 

else 
begin 
J(K(I )) 	0 
go to step 4 
end; 



4. Increment J(K(I) ) 
NDE(. input no. J(K(I)) of gate no. K(I) 
if NDE is sensitive then 

NDE- critical 
go to step 1 
ends 

else 
begin 
if I > 1 then 

decrement I 
end; 

5. 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 

6. Return 

6. P_roredur 	ti 

This procedure is for the 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 

below. 

1. Initialization 

NFRONT<- 0 
PROP(NDE)(» 1 

CGTE<- 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 o/p in FTYNOD 
decrement NFRONT 
FTY <... gate no. to which FTYNOD is input 

4. if NFRONT = 0 then 
begin 
c all PROPGT 
if PROP/output of FT? )=i then 

CGTE '. FTY 

go to step 3 

end; 

5. Call PROPGT 
if PROP (output' of FTY)=1 then 

if CRST (FTYNOD)=l then. 
a IT(NDE)=l 

Return 

7'. rocedur Propogate : This procedure is to check whether 

faults on the FTYNOD are propogated by FT'. If yes, then 

PROP(OUT(FTY,1).l else PROP (OUT(FTY,l))=0. This "procedure 

uses the principle of implicit fault effect propagation 

discussed is section 2.4. The steps for t~e procedure are 

outlined below,. 

1. if FTYN,OD is sensitive then 

Repeat for all inputs of FY 
begin 
if the input is not sensitive but propogates faults then 

go to step 4 
end; 

go to step 3. 

0 

V 



2. if FTYNOD does not have the controlling value then 
go to step 4. 

begin 
if PROP(I )1 only for those inputs of FTY which 

have controlling value of the gate then 
go to step 3°. 

go to step 4,. 

3. PR.OP(I )<- 1 for all outputs of FTY 
Return 

4-. PROP (Z) f  0 for all outputs of FTX 
Return. 

3.5 STATISTICAL FAULT_ ANALYSIS 

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 free simulation the 
date structures created in preprocessing are used. 

ONECNT, ZERCNT and SENa' T. contain the data collected 

from fault simulation. They give the one-count, zero-count and 
the sensitization count for each node in the circuit. From these 

CONE, GZERO 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). 

The probability of detection of a sa-t fault is given by 

DONE and s-a-1 fault by DZERO-. These are obtained by the product 

of the controllability and observability. TP,XX, and FF are 

intermediate structures for the evaluation of FC which given 
the fault coverage,. 
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3.5.2 Algorithms for Statistic  al Fault Anal ys is 

This program uses the circuit modelling program of 

section 3.1. 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 simulation. The routine gives the results in the form 
of fault coverage and C.P.U. time required. 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) 4- BONE(OUI)JCONE(OUT)/CONE(I12 ) 
until all inputs are considered. 

if device type = 2 then 
Repeat 

BONE(INP) 4. BONE(OUT) (S(INP )-CZERO(OUT))/CONE(INF ) 
BBERO(INe)1E BZERO(OUr)YC ERO(OUT)/CZERO(INr-) 
Until all inputs are considered. 

if device type = 3 then 

Repeat 

BONE(INP) (r- BZERO(OUT)%CZERO(OUT)/CONE(I1~i' ) 
BZERO(INP*,BONE(OUT)x(S (INP)..CZF.RC(CUT))/CZERO(INP ) 
until all inputs are considered 



62 

if device type = 4then 
Repeat 
BONE(INP)<- BZERO(OUT)c(S (SNp )-CONE(OUT))/CONE(IN[' ) 

BZERO(INP) BONE(OUT) Y.CONE(OUT)/CZERO(II ' ) 
Until all inputs are considered. 

if device type =5,6 or 7 then 
BONE(INP) <. BONE(OUT) 
BZERO (INP ) BZERO (0 UT ) 

if device type = 8 the 
BICONT <. 0 
BQCONT(• 0 
Repeat 

BICONT {I- BICONT + BONE(OUT) 
BOCONT(- B'5CONT+ BZERC(OUT) 
until all outputs are considered 
BONE (IN?)(- BICONT/0(NT 
BZERO(INP)<. BOCONT/OCNT 

until all gates are considered 

Repeat 
DONE(I)<. BZERO(I) % czERO(I) 
DZERO(I )E BONE(I) € co NE (I) 

WW(2y.I)(( W(DONE(I),XIN) 
WW(2xI-1)E W(DZ&RO(I ), XIN ) 
TP(2VI)(-((l'„0 -DONE(I ))x XIN)/ww(2x1 ) 
Tp(2*I-1)( ((1.o-L1ZER0(I ))€ XIN)/ww(2ci-l) 
XX(2xI, subset no -.) 4. 1.0 - '1 (2icI) 
XX(2y,I-'l,subset no.)(- 1.0.. TP(2xI-l) 

Until all nodes are considered 
Until all subsets are considered. 
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Repeat 
INTER(l)(- ((1.0-XX(KF,1) )cii XIN)/W(XX(KF,l),XIN) 
FF (for ,1)< 1.0 - INTER(l) 

Repeat 
INTER (Sn)(►. INTER( Sn-1) x (1.0-XX(fn,Sn)) XIN 

FF(fn,Sn)E- 1.0 -INTER (Sri) 
Until all subsets are considered 

Until all faults are considered 
Repeat 

Repeat 
IFC (Sn)<- IFC (S n) +FF( fn,Sn) 

Until all 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. 



CHAPTER- - 4 

RESULTS 

4.1 RESULTS AND CONCLU3ION5 

The techniques considered are - Parallel simulation, 

deductive simulations  critical path tracing and statistical 
They 

fault Analysis/have 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 been obtained for all the examples. 

Also the fault detection information in terms of 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 information 

which includes- circuit description, node coding connectivity 

matrix and fault coding has also been included. 

The results in 'terms of the C.P.U'. time requirements 

have been summarized in table 4.1. It is rather difficult to 

draw any discey0 Gb}Q 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 





,4n. OF GATES '15 
CIRCUIT UESCRIPTION 

Gi/X1/C1,C2/COiT/ 
G2/X2/C3,C4/CONT/ 
G3/C_2,C3/C5/NAND/ 
G4/C5/C6, C7,CR/CONT/. 
G5/C1,C6/C9/NAND/ 
G6/C7,C4/C1O/MAMU/ 
G7/C9,C1(/C11/i A~W/ 
G8/C11/C12 C13/CONT/ 
G9/X3/Ci 4, t;15/Cf,v7'/ 
G1 O/C15,C12/C16/,NAND/ 
G11/C16/C17,C18,C19/CONT' 
G12/C14,C17/C2O/ 1 NT)/ 
G13/C18,C13/C21/NAND/ 
,14/C2(r,C21/Z1/WAND." 
Gals/C19,C8/Z2/NAND/ 

1/C2,C3/C5/ 
/C1,C6,C7,r i/1.1/ 

aiC ,5,CS4/('1/ 
i/C?4,C17,,(11 
`/(".l,C€,,C ), 	,C'3,C1.`.,/7.'?/ 



NOPE CODING 

SYMBQL4IC CODE X 	1 X 2 X 3 C 	1 C 2 C 3 
i3ERIC CODE J. 2 3 4 5 

SYF3OLIC CODE C 8 C 9 CIO Cii C12 C13 
PUMERTC CODE 11 12 13 14 15 16 

SYe1BQT jIC CODE C18 C19 C20 C21 z 	1 Z 2 
NUrEiIC CODE 21 22 23 24 25 26 

C4 C5 C6 Cl 
7 	8 	9 	10 

C14 	C15 	C16 	C17 
17 	18 	19 	20 



CCi1%44 ,CTIVITY MATRIX a - - - - . 	-r --S-S- 

7 7 , ?UOt10G 1 1111 1 1112222222 
1234567890124567 90123456 

01 	8 
02 	8 
93 	 8 
,)4 	 3 
uS 	3 
v6 	3 
v7 	 3 
GR 	 8 

A 	 3 
3 

1y  
12 	 3 
13 	 3 
14 	 8 
15 	 3 
16 	 3 
17 	 3 
1p 	 3 
19 	 A 
20 	 3 
21. 	 3 
22 	 3 
23 	 3 
24 	 3 
25 
2(, 



Au4'r CODING 

NODE NO. 1 2 3 4 5 6 
S-A-u 1 3 5 7 9 11 
S-A-i 2 4 b 8 10 12 
tinDE 	NO. 11 12 13 1.4 15 16 

\S-A-v 21 23 25 27 29 31 
22 24 26 28 30 32 

VOCE NO. 21 22 23 24 25 26 
41 43 45 47 49 51 
42 44 46 48 50 52 

7 8 9 10 
13 15 17 19 
14 16  18 20 
17 lb 19 20 
33 35 37 39 
34 36 38 40 



RF;SU1T5 FOR DEDUCTIVE SIiL4'fl0 * * * * * * * * * * * **:*,4,* *  * 4z * 4 * * * 4 * * * *t, * * * * 

TESTS SIMULATED 
I 	I : 1 1 1 
T2: 000 
T 3 : 1 .' 1 
T 4 ; 0 1 0 

FMJTS DETECTION JMFORNATION 

FAULTS DETECTED FOR T 1 
* --------------------  
FAULT in.s flETFCT1) iyr z i ARE = 5, 33, 
2, 28, 3, 37, 39, 46, 49, 

FAULT 70.S DFTECTEP AT Z 2 ARE = 22, 51, 
FAULTS DETECTED F('R T  2 _______________ 

1, 3, 9, ii, 16, 18, 20, 23, 

Ar)DIrTONAL F'AU!,TrS DETECTED AT 7, 1. ARE = 6, 34, 45, 	2, 	4, 	8, 14, 32, 

ADDITIONAL FAULTS DETECTED AT Z 
rzU1rs nuEcTEr) FOR f 3 

/DDLFI.jNAL, FAULTS DETECTED AT Z 
42, 

AflDITIjN/L FAULTS DETECTED AT ? 

2 ARE = 37, 43, 15, 21, 52, 

1 ARE = 7, 12, 15, 17, 24, 27, 29, 35, 

ARE 	5, 35, 1, 7, 17, 24, 27, 29, 

FAUE, tS D TLCTD FOR T 4 
- S --------------------- 

ADDIr!ONAL FAUi,TS LErECrD AT Z I ARE = 10, 13, 19, 26, 31, 36, 41, 48, 
AM,  IflrI4L FAULTS UEECTD AT z 2 ARE = 6, 36 , 2, 10, 
A/tRA 	FAULT LIST 14N(;T1 : 	4.6154 

TILk: r\KiN TO SLU.4ArE 4 TESTS 	&71 MS 



RESULTS FOR PARALLEL SIMULATION 

FAULTS DETECTED FOR T I 
.r........_w.:_----+ ---a_ __w.w_ _w_r- 

FAULT NO.S DETECTED AT Z 1 ARE = if  3, 
28, 30, 33, 37, 39, 46, 49, 

FAULT NO.S DETECTED AT Z 2 ARE = 22, 51., 

FAULTS DETECTED FOR T 2 
--ww-w-w9ew-S_!i --w- sR w w-_S"rWr__- 

ADDITIONAL FAULTS DETECTED AT Z I ARE 

5, 9, 11, 1b, 18, 20, 23, 25, 

2, 4, 6, 8, 14, 32, 34, 45, 

ADDITIONAL FAULTS DETECTED AT Z 

FAULTS DETECTED FOR T 3 ...._s_....----- __„_`____„w--_--w.,__ 
ADDITIONAL FAULT.'3 DETECTED AT Z 
42, 

ADDITIONAL FAULTS DETECTED AT Z 

2 ARE = 15, 21, 37, 43, 52, 

1 ARE = 7, 12, 15, 17, 24, 27, 29, 35, 

2 ARE = 1, 	5, 7, 17, 24, 27, 29, 35, 

FAULTS DETECTED to OR ' 4 

ADDITIONAL FAULTS DETECTED AT Z 1 ARE = 1Q, 13, 19, 26, 31, 36, 41, 48, 

APDTTTONAL FAULTS DETECTED AT Z 2 ARE = 2, 6, 1Q, 36, 

TIME TAKEN TO SIMULATE 4 TESTS = 	41 MS 



RESULTS OR CRITICAL PATH TRACING 

FAULTS DETECTED FOR T 1 
r..s~rrr--S----r-----w------------ 

FAULT jin.S DETECTED AT Z I ARE = 1,  3,  5, 9, 11, 16, 18, 20, 23, 25, 
2&, :30, 33, 37, 39, 46, 49, 

FAULT NO.5 DETECTED AT Z 2 ARE = 22, 51, 

FAULTS DETECTED CTED FUR T 2 
------------------w_r-----s---- 

ADDITIONAL FAULTS DETECTED AT Z !. ARE = 2, 4, 6, 8, 14, 32, 34, 45, 

ADDITTONAL FAULTS DETECTED AT Z 2 ARE = 15, 21, 37, 43, 52, 

FAULTS DETECTED FOR T 3 
S-S---- ------ ** Smm----- l--SS S x.!155 

ADDITIONAL FAULTS DETECTED AT Z I ARE 	7, 12, 15, 17, 24, 27, 29, 35, 
42, 

ADDITIONAL FAULTS DETECTED AT Z 2 ARE = 1, 5, 7, 17, 24, 27, 29, 35, 

FAULTS DET1:CTED FOR T 4 
5 55555-w rS-S55- -  w C1111 w S III S S 	- 

ADDITIONAL FAULTS DETECTED AT Z I ARE w 10, 13, 19, 26, 31, 36, 41, 48, 

ADDITIONAL FAULTS DETECTED AT Z 2 ARE = 2, 6, 10, 36, 

TIME TAKEN TO SIMULATE 4 TESTS = 	100 MS 



.1142 

.1142 

.2222 
1481 
0842 

.0802 
,1481 
.1327 
.0741 
.0741 
.2500 
.1111 
« 1111 
.2222 
.1111 .3333 
.3333 .1111 
.1944 
.1667 .1667 
.2540 
„2500 
.2500 
.5000 
.5000 

82 

.1219 

.1219 
2222 

.1111 

.1327 

.1327 .1111 

.2407 

.1111 .1111 

.5000 

.2222 

.2222 

.2222 

.1944 

.2500 

.2500 
,1944 ,3333 
.2500 
• 2500 
.5000 
.5000 
.5000 
.50 00 
.5000 

RESULTS FfR STAFAN 
NODE 	Co 	Cl 	B1 	90 	D1 

	DO 
1. .5000 .5000 .2438 .2284 
2 .5000 .5000 .2438 .2284 
3 .5000 .5000 .4444 .4444 
4 .5000 .5000 .2222 .2963 
5 .5000 .5000 .2654 .1605 
6 .5v000 .5000 .2654 .1605 
7 .5u00 .5000 .2222 .2963 
8 .2500 0504 .3210 .5309 
9 .2500 .75004 .1481 .2963 

10 .2500 .7500 .1481 .2963 
11 .2500 .7500 .6667 1.0000 
12 .2500 .7500 .2963 .4444 
13 .2500 .7500 .2963 .4444q  
14 .5000 .5000 .4444 .4444 
15 .5000 .5010 0 .3889 .2222  
16 .5000 . .5000 .5006 .6667 

.5,x000 .5000 .5000 •6667 
iR .5000 .5000 .3889 .2222 
19 .2500 .7500 .4444 .7778 
20 .2500 .7500 .3333 .6667 
21 .2500 .7500 .3333 .6667 
22 .2500 .7500 .6667 1.0000 
23 .2500 .7500 .6667 1.0000 
24 .2500 .7500 .6667 1.0000 
25 .5000 .5000 1.0000 1.0000 
26 .5000 .5000 1.0000 1.0000 

RACTION OF FAULTS DETECTED -- 0.9283 
IMF TAKEN TO ESTIMATE FAULT COVERAGE 



;•'t ~r,~ Ile. 	of tooth 



~+f. COF GATES =21 
CTRUTT DESCRIPTION 

111! 1A~ a ~l11~!!~lf119 «YRl4! 

(;1,/X1,X2/C: /AND/ 
G2/X3, 4/C4/Ar'm/ 
GI/X6/C1,C2/COt T/ 
G4/X5,C1/C5/AND/ 
G5/C3/C6, Cl/CO I\JT/ 
G6/C4/C8,C9/CONT/ 
G7/C5/Clu,C11/CANT/ 
G8/C2/C15/NOT/ 

/C15/C26 C27/CANT/ 
GI u/C7,CB/(~12/NflR/ 
G11 /C9, C.c+/Ci 3/XOR/ 
G12/C2b, C11/C14/tiANDD/ 
G1:3/CI /C1b,C17/CONT/ 
G1 4/C13/C18,C19/CONT/ 
G15/C14/C2' C21/CnNT/ 
U15/C6 C16/ 22/XNOR/ 
G17/C11,C18/C23/OR/ 
G18/C19,C2u/C24/AND/ 
619/C 21,C27/C25/OR/ 
G20/C22, C23/Z 1 /AioD/ 
G21/C24,C25/Z2/OR/ 

CONt DESCRIPTIOLJ 

ND. OF~  CONES = 9 

T1/X1,X2/C3/ 
T2/X3,X4/C4/ 
T3/XS,X6/C5/ 
T4/C2/C15/ 
T55/C7,C8/C12/ 
T6/C9,C1((/C13/ 
T7/C11,C26/C14/ 
T^O/C6 C16,C17,Cj8/71/ 
T9/C16,C2o,C21,C27/Z2/ 



NODE CODI 

SYflOTIC CODE, X1 X2 X3 X4 X 5 X6 Cl C2 C3 C4 
I1JERjC CODE 1 2 3 4 5 6 7 8 9 10 

sY:4For1C CODE C 5 C 6 C 7 C 8 C 9 CIO Cli C12 C13 C14 
I.JUrIEHIC CODF 11 12 13 14 15 16 17 18 19 20 

3YMBOI,IC CODE C15 C1{ C17 C18 C19 C20 C21 C22 C23 C24 
NUMERIC CODE 21 22 23 24 25 26 27 28 29 30 

SYMFOrIC CODE C25 C26 C27 Z 1 Z 2 
tUMERIC CODE 31 32 33 34 35 



CONNECTIVITY MATRIX 

12227722222333333 
123 45678901234567890123456'789012345  

O1 	1 
U? 

04 
('5 

('7 
(JO 
U 9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
27 
23 
24 
2 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 

0 
8 

6 
4 
4 
5 

3 

€3 
8 

6 

2 

2 

I 

I 
2 
2 

3 



F1jJ,T 	CODING'  — a — — — - * - e - S 

NODE NO 3. 2 3 4 5 
S-A-C 3. 3 5 7 9 
S-A-1 2 4 6 8 10 

r400E MO. 11 12 13 14 15 
21 23 25 

26 
27 
28 

29 
30 S-A-1 22 24 

LflO JO. 21 22 23 24 25 
41 43 49 

S-A-1 42 44 46 48 50 

uOUE VD. 31 32 33 34 35 
61 63 65 67 69 

S-A-i 62 64 66 68 70 

7 8 9 10 
11 13 15 17 19 
12 14 16 18 20 

16 17 38 19 20 
31 33 35 37 39 
32 34 36 38 4Q 

26 27 28 29 30 
51 53 55 57 59 
52 54 56 58 



NESULTS FOR DEDUCTIVE SIMULATION 

TESTS SIMULATED 

1 I I 1 1 1 
T2 

: 
: 	000000 

1 

T 3 : 	0 1 0 1 0 1 
T 4 1 : 0 1  o t 0 
T5; 1i11O 

FAULTS DETECTION INFORMATION 

FAULTS DETECTED FOR T 1 

FAULT uO.S DETECTED AT  Z 	1 ARE = 24, 26, 	28, 	35, 	43, 	56, 	68, 
FAULT NO.5 DETECTED AT Z 	2 ARE = 64, 39, 	69, 
FAULTS DETECTED FOR T 2 - - - - S - flSfl5SS I --------  

NO ADDITIONAL FAULTS DETECTED AT Z 1 

ADDITIONAL FAULTS DETECTED AT 1 2 ARE = 	61, 
FAULTS DETECTED FOR T 3 

NO ADDITInNAL FAULTS DETECTED AT Z 1 
ADDITIONAL FAULTS DETECTED AT 1 2 ARE = 	53, 
FAULTS DETECTED FOR T 4 - - - - - --------5!. 	5!.- a - 
NO ADDITIONAL FAULTS DETECTED AT Z I 

NO ADDITIONAL FAULTS DETECTED AT 1 2 

FAULTS DETECTED FOR T S 

NO ADDITIONAL FAULTS DETECTED AT Z I 

NO ADDITIONAL FAULTS DETECTED AT 1 2 
AVERAGE FAULT LIST LENGTH 	2.5429 

TIME TAKEN TO SIMULATE 5 TESTS = 212 MS 



FAULTS D: TECTE[) FOR T 1 
!e _ s w f. f. -.. - ----M rr.a is w..•--Sr-i--rr_+r. 

FAULT NO.S DETECTED AT Z I ARE R 24, 26, 28, 36, 43, 56, 68, 

FAULT .iO.S DETFCTEf) AT Z 2 ARE = 39, 64, (iq, 

— FAULTS n 'rr:cTEV FOR T 2 
_r______------_r----- _ - -----S - 

no AiODITIMIAL FAULTS DETECTED AT Z 1 

ADDITICJNAL FAULTS DETECTED AT Z 2 ARE = 61, 

VAULTS DIJECTED FOR T 3 
-------- 

NO  ADDITIONAL FAULTS DETECTED AT Z I 

ADDITIONAL k AUII,T.S DETECTED AT Z 2 ARE -= 53, 

FAULTS DETEC TED FOR T 4 

NO A~)DITiOUAL FAULTS DETECTED AT Z i 

NO ADDITIONAL FAULTS DETECTED AT Z 2 

FAULTS I)t.T6 C'rED FOR T 5 
IRmm-M ..M "--- flw-  ---- 11 - IIY 5_r,!n 

NO ADDITIONAL FAULTS DETECTED AT Z 1 

No ADDITIOiIAL FAtJL`:CS DI TECTED AT Z 2 

TIME TAKEN TO SIMULATE 5 TESTS r 	53 MS 



I(ESULTS FW 	CRITICAL PATH TRACING 

FAULTS 	VZ.TiRCTEP1 	FOR 	T 	1. 
—e*ww S-- -S nn ------------------- 

FAULT Fo.S DETECTED AT Z 	1 ARE = 24, 	26, 28, 	36, 	43, 	56, 	68, 

FAULT Mu.5 DETECTED AT Z 	2 ARE. .^ 39, 	64, 69, 

FAULTS i)CTECTE0 	OR 	' 

NO 14~ft ITIO;JA1J 	FAULTS DETECTED 	AT Z 	I 

ADDITIO AL, FAULTS DETECTED AT Z 2 ARE = 61, 

FAULTS DETECTED FOE: T 3 
dS-S--5 ------- ------ ela-----wf'rr 

NO ADDITIONAL FAULTS DETECTED AT Z 	1 

ADDITIONAL FAULTS DETECTED AT 7 2 ARE = 53, 

FAULTS DETECTED FOR T 4 
--------MAl~sewi4R+s!S ---ll~!. fIIAr li l: M~rOY Ibf 

DO ADDITI()tlAL FAULTS DETECTED AT 7 	1 

Un AVDITIMIAL a A U1jT'S DETECTED AT Z 2 

rAULTS DETECTED FO 	T 5 
---------55__S_S----------^r,.. 

00 ADD1TIO~IAL FAULTS Df TECTEt1 AT 7 	k 

MU ADDITIONAL FAULTS DETECTED AT 7 2 

TIME TAKEN TO SIfiULATE 5 TESTS ; 	114 MS 



RESULTS FOR STAFAN 

MODE C.j Cl Bi BO DI DO 
3. • 00 .50J0 .0000 .1875 .093 0 .0000 
2 .5),O .5000 .O00am .1875 .0938 .0000 
3 •500 .5000 ,000) .0001) .0000 ,0000 
4 ,5)O0 .5000 .00r./0~0 .00io .0000 .0000 
5 .500 .5iiO0 .000` .0417 .0208 .0000 
6 •5'J00 .5000 .0000 .0521 .0260 .0000 
7 .500 .5000 .0000 .0417 .0208 .0000 
8 
9 

.5000 

.7500 
.5000 
.2500 

.0000 .0625 .0313 .0000 

.0040 .3750 .2813 .0000 
10 .7500 .2500 .oUoG .0000 .0000 .0000 
1 ! .7500 .2500 .0000 .0833 .0t25 .00()0 
12 .7500 .2500 .0080 .7500 .5t25 .0000 
13 .751}0 .2500 .0080 .0000 .0000 .0000 
14 .75500 .2500 .0000 .0000 .0000 .0000 
15 .7500 .2500 .0000 .0000 - .0000 .0000 
1 E, .7500 .2500 „0000 .0000 .0o0; .0000 17 .7500 .2500 .1667 .1250 .0000 
18 .2500 • 150fit .0000 .0000 .0000 .0000 
19 1. 	0 .0000 ,0000 .0000 .0000 .0000 
40 . 	oOO 1.13000 ,2500 .0000 .0000 .2500 21 .5u00 .5000 ,000u .0625 .0313 .0000 
22 .2500 .7500 ♦ 3000 .0000 .0000 .0000 
23 .2500 .750 ,0000 .0000 .0000 .0000 
24 1. Lo .0000 .0000 . C0cO .OUO0 .0000 
25 
26 

1. C .)oo 
.(000 

.o3u0 
i.0000 

.0O0, .0000 .OJ00 .0000 

.0000 .0000 .0000 .0000 
27 . 	J0 i 1. t, )Ofj .5000 .0000 .0000 .5000 
28 1. flc 0 .00oO .0000 .7500 .7500 .0000 

.2500 .7500 4 9 
 

.3000 .0000 .0u00 .0000 
30 l.0 .>03 .UooO . 	.0000 .0000 .0000 .0100 

.t00 1.00C.0 31 
 

1.000 .003)0 .0000 1.0000 
32 .5000 .5000 .0000 .1250 .0625 .0000 
33 
34 

.5'.;00 
1.OuOO 

.5000 

.0380 
„ouoo .00(0 .oco0 .0000 

1.0000 1.00u3 i.000n .0000 
35 . C JO0 1.0000  1.00O 7 1.0000 .0000 J.0000 F RACTIUN Or FAULTS DETECT ~ D 	0.1922 

C~ r~£ TAKE? TO STIMA 1'! FAULT caV RA( 	= 93 





NO. OF GATES =22 
CIRCUIT DESCRIPTION 

G2/X3 , X4/C2/XOR/ 
G3/X5,X6/c3/(R/ 
(4/X7 ,X/C/xfl/ 
G!5/X9/C5 C6/CO?T/ 
G6/1o/C'i CR/COJT! 
G7/C1 /C9/OT/ 
G8 / C 2/Cl 0 / NO TI 
G9/C3/C1 1/!OT/ 
C1.0/C4/C12/NUT/ 
G11/C,Ci'/C1 3/XOR/ 
G12/C1 1. ,C12/C14/XOR/ 
Cl3/Cl4,C13/c15/QR/ 
Gt4/Cj h/C16,C17 ,Ci8/COf1T/ 
G15/Ci 8/C19/t.iOT/ 
G16/C19/C20 C21/CONT/ 
Cl 1/C16,C5/&2,IAND/ 
G18/Ci 7,CR/C24/NAND/ 
c 19 / C 2 , C 7/C 2 3 / A N D/ 
G20/C6 C21/c25/NAND/. 
C21/C2,C23/Z1/ArD/ 
G22/C24, C 25 / Z 2 / A ;'J 0 / 

CON. DFSCI 

Ni_ (iF CtjF 

TI/XX2,XX,,X#,X7,XU,Cj5/ 
T 2,C I I / C 1 q / 
3/Cl6,C5,C' ,L7/'I.t/ 

T4/C8 , Cl 7, C 1, ('i'/:)/ 



1ODE CODING 

SYMBOLIC CODE X I 
UiERIC CODE 	I 

SYMBOLIC CODE C 1 
tJiERIC CODE 11 

SYMBOLIC CODE Cli 
UMERIC CODE 21 

SYMI30LIC CODE C21 
iiJi4ERIC CODE 31 

X2 X3 X4 X5 X6 X7 X8 X9 X 
2 3 4 5 6 7 8 9 

C2 C3 C4 CS C6 C7 C8 C9 Cl 
12 13 14 15 16 17 18 19 2( 

C12 C13 C14 C15 C16 C17 clu C19 C',  
22 23 24 25 26 27 28 29 

C22 C23 C24 C25 Z 	1 Z 2 
32 33 34 35 36 37 



C0NECT1V1TYATR.LX w- 
400ouOulolllll.11lll2222222222333333330  
1234567890123456789012345678901234567 u 	 5 

02 	 5 
03 	 5 

5 
J5 	 5 
06 	 5 
j7 	 5 
j8 	 5 

V9 	 8 
10 	 8 
it 	 7 
12 	 7 
13 	 7 
14 	 7 
15 	 33 
16 	 3 
17 	 3 
1 	 3 
19 	 5 
20 	 S 
21 	 5 
22 	 5 
23 	 5 
24 	 5 
25 	 8 
26 	 3 
27 	 3 
2R 	 7 
29 	 8 
30 	 3 
31 	 3 
32 
33 
34 	 . 
35 
36 
37 



FAULT CUDXUG 

8 9 10 
15 17 19 
16 18 20 
18 19 20 
35 37 39 
36 38 40 
28 29 30 
55 57 59 
56 5 8  

60 

4ODE NO. 1 
S-A-U 1 
S-A-1 2 
rODE 	NO. 11 
-A-U 21 

S-A-i 22 
tOE)t, 	NO. 21 

41 
S-A-1 42 

NODE 	&j[) 31 
S-A-u 61 
S-A-1 62 

2 3 4 5 6 7 
3 5 7 9 11 13 
4 6 8 10 12 14 

12 13 14 15 16 17 
23 25 27 29 31 33 
24 26 28 30 32 34 

22 23 24 25 26 27 
43 45 47 49 51 53 
44 46 48 50 52 54 

32 33 34 35 36 37 
63 65 67 69 71 73 
64 66 68 70 72 74 



RESULTS FOR DEDUCTIVE iULATID1' 

T EST 5 sI!LATD 

TI; 1111111111 
2: 00'jO0000 

T 	3  
T 	 : 310 1 010101 

FAULTS DETECTION IO1 ,TIOt! 

FAULTS DETECTED FOR T 1 

FAU1T E:O.S DETECTED PT 7 1 ARE 	19, 33, 56, 57, 59, 66, 72, 
FAUhT 10.S DETECTED AT Z 2 ARE 	17, 31, 56, 57, 61, 70, 74, 

FAULTS DETECTED FOR T 2 

AflDITIr3NAr, FAULTS DETECTED AT 2 1 ARE 	63, 20, 34, 65, 71, 

ADDITIONAL EMJLTS DETECTED AT 2 2 ARE = 67, 18, 32, 6,  73, 

ADf)ITIO1AT FAIJr1TS 1)ET€CTED AT 2 1 ARE 
1, 21, 38, 5, 	 , 23, 40, 46, 50, 52, 

ADDITIONM rAu1TS DETECTED AT 2 2 ARE  
25, 27, 36, 4r, 42, 44, 46, 48, 50, 

FAULTS DOTECTED FOR T 4 
- Ct_s - - ------------- - - 

9, 12, 25, 42, 13, 16, 27, 44, 48, 1 

1, 4, 5, 8, 9, 12, 13, 16, 21, 23 

/DITTOt1M FA1 LTS DETECTED AT 2 I ARE = 2, 	3, 	6, 	7, 10, 11, 1', 1., 

ADDITIONAL FAU[TS DETECTED AT 2 2. ARE = 10, 11, 14, 15, 2, 	3, 6, 7, 54, 
AVERAGE FAULT LIST LENGTH : 8.3514 

TINE TAKEN TO SIMULATE 4 TESTS 	270 MS 



PESUbTS FOR PARAT41AEL  I tUJ tTION 

FAULTS DETECTED FUR T 1 

FAULT NO.5 DETECTED) AT Z I ARE = 19, 33, 56, 57, 53, 66, 72, 

FAULT O.S DETECTED AT 7, 2 ARE = 17, 31, 56, 57, 61, 70, 74, 

FAULTS D ,TFCTEF) FOR T 2 
-a V.- aaaa- a w ww w www e++»--w-...F------ 

ADDITIONAL F'AULT'S DETECTED AT Z t ARE = 20, 34, 63, 65, 71, 

ADDITIONAi., FAUI,T,S DETECTED AT Z 2 ARC. = 18, 32, 67, 69, 73, 

FAULTS I)ETECTE:C) FOR T 3 
w+. wow rw a e-aa w+w Kr.w w'r°w-w1n-a V.-wa- 

ADI)ITZvNr,i, FAf;t.` ' DETECTED AT 7, 	1 AR, = 	1, 	4, 	a, 	H, 	9, 12, 13, 16, 21, 
25, 27, 3, 4t;, 42, 44, 46, 48, 5, 52, 

ADDITIONAL, FAULTS DETECTED AT Z 2 ARE R 1, 4, 5, 8, 9, 12, 13, 16, 21, 2 
25, 27, 38, 4J, 42, 44, 46, 48, 50, 

F A LTS vF.;'t'LC'TE[) FOR T 't 
-IT 	-f' Saw a,, w a. wI. V. S 	U? V.*ft lw w CMP~F~ra 

ADDITIUNNAL FAULT I)ETECTEtt -A'T Z 	1 ARE = 	2, 	3, 	t,, 	7, to, it, 14, 15, 

ADDITIu 1, L F'At;I7' S DETECTED AT Z 2 ARE = 2, 	3, 	6, 	7, 10, 11, 14, 15, 54, 

TItlE TAKEN TO SIMULATE, 4 TESTS = 	95 MS 



RESULTS FOR CRITICAL PATH TRACING 

FAULTS DETECTED FOR T 1 

FAULT NO.S DETECTED AT Z I ARE = 19, 33, 56, 57, 59, 66, 72, 

FAULT NO.$ DETECTED AT Z 2 ARE = 17, 31p 56, 57, 61, 70, 74 

FAULTS DETECTED FUR T 2 ------------------------         

ADDITIONAL FAULTS DETECTED AT 7, 1 ARE 	20, 34, 63, 651  71, 

ADDITIONAL FAULTS DETECTED AT Z 2 ARE 	18, 32, 67, 690  73, 

FAULTS DETECTED FOR T 3 - 	a 	flflfl5 SSfl 

ADDITIONAL FAULTS DETECTED AT z i ARE 	1, 4, 5, 8, 9, 12, 13, 16, 21, 2 
25, 27, 38, 40, 42, 44, 46, 48, 50, 52, 

ADDITIONAL FAULTS DETECTED AT Z 2 ARE = 1, 4, 5, 8, 9, 12, 13, 16, 21, 2 
25, 27, 38, 40, 42, 44, 46, 4, 50, 

FAULTS DETECTED FOR T 4 
- 

ADDITIONAL FAULTS DETECTED AT L 1 ARE = 2, 3, 6, 7, 10, 11, 14, 15, 
ADDITIONAL FAULTS DETECTED AT Z 2 ARE = 2, 3, 6, 7, 10, 11, 14, 15, 54, 

TIME TAKEN TO SIMULATE 4 TESTS z 	112 MS 



RESULT, FOR STAFAN 

rdnfDF Co Cl !31 F30 Di 00 

1 .5000 .50x0 .1667 .1667 ,0833 .0833 
2 .5100 .5000 .1067 .1667 0 0833 .0833 
3 .5000 .5000 .1667 .1667 .0833 .0833 
4 .5100 .5000 .1667 .1667 .0833 .0833 
5 .5000 .5000 .1667 .1667 .0833 .0833 
6 .5000 .5000 .1667 .1667 .0833 .0833 
7 .5000 .5000 .1.667 .1667 .0833 .0833 
8 .5000 .5000 .1667 .1667 .0833 ,0833 
9 .5000 .5000 .5000 .5000 .2500 .2500 

10 .5t0v .5000 .5000 .5000 .2500 .2500 
11 .9000 .5000 .1667 .1667 .0833 .0833 
t2 .5000 .5000 .1667 .1667 .0833 .0833 
13 .5000 .5000 .1667 .1667 .0833 .0833 
14 .5o00 .5000 .1667 .1667 ,0833 .0833 
15 .5000 .5000 .0000 .0000 .0000 .0000 
16 .5000 .50(10 1.0000 1.0000 .5000 .5000 
17 .5000 .5000 1.0000 1.0000 .5000 .5000 
18 .5000 .5000 .0000 .0000 .0000 .0000 
19 ,5000 .5000 .1667 .1667 .0833 .t833 
20 .5000 .5000 .1667 .1667 .0833 .0833 
21. .5000 •5000 .1667 .1667 ,0833 .0833 
22 .500 .5000 .1667 .1667 .0833 .0833 
23 1..0000 .000 .1667 .1667 .1667 .0000 
24 1.0000 .0000 .1667 .1667 .1667 .0000 
25 1 .0000 ,o000 .1667 .1667 .1667 .0000 
26 1.0000 .0000 .0000 .2500 .2500 .0000 
27 1.0000 .0000 .0000 ,!2~50~10 .2500 .0000 
29 1.0000 .4 000 .5000 .0000 .0000 .0000 
29 .0000 1.0000 .5000 .0000 .0000 .5000 
30 .0000 v 1.0000 .5000 .0000 .0000 .5000 
31 #0000 1.U000 .5900 .0000 .0000 ,5000 
32 .0000 1.U00 .5000 .0000 .0000 .5000 
33 .5000 .5000 1.0000 1.0000 .5000 .5000 
34 .0UCO 1.0000 .5000 .0000 .0000 .5000 
35 .5000 .5000 1.0000 1.0000 .51)00 .5000 
36 .5000 .5000 1.00000 1.0000 .5000 .5000 
37 .5000 .5000 1.0000 1.0000 .5000 .5000 

r R1CTION OF FAULTS DETECTED = 	0.6733 
TIME TAKEN TO ESTIMATE FAULT C0VERAc E = 103 





,a O. (]F GATES 224 
CIRCUIT DESCRIPTIt7N 

G.t/X1/C1,C2/C0NT/ 
G2/X3/C3,C5,C7ICUNT/ 
G3/X4/C4,C6C8, C9/CoNT/ 
G4/C1/C1 x/ifT/ 
G5/C3,C4/Ct2/WAND/ 
G6/C5,C6/C13/OR/ 
G7/C6/C1N0T/ 
G8/C9,X5/C15/N AND / 
GA/C1a/CtG,C19/C(7 NT /  
GtO/C2/C26,C27/CONT/ 
G11/X2/C17  C20,C23,C28/CUNT/ 

G12/C12/C1A,C21,C244/CCNT/ 
GI3/C23/C22 C25 C29/C[?NT/ 

c,15/CJ 4/C3Q,C31/CO aT/ 
G16/C21/C32/NOT/ 
(,17/C31/C37/NOT/ 
G1B/C16,C17,Ci8/C33/NOR/ 
Gi9/C)9,C2U,C32,C22/C34/ AND / 
G2tw/C23,C24,C25,C26/C35/AN°/  
621/C27,C28,C29,C3t,/C3b/N0RI 
(,22/C33,C34,C35,C36/C38/NOR/ 
G23/C37,C15/C39/N AND / 
G24/C38,C39/Z1/XUR/ 

CON DESCRIPTION 

WO, OF CONES —5 

T1/C1/C11/ 
T2/C3,C4/C12/ 
T3/C5,C6/C13/ 
T4/C7 C8/C14/ 
T5/C1 C17,CJ,8,C19 
C28,C24,C30,C39.,C9 

,C2t? C32,C22,C23,C24,C25,C26,C27, 
,X5/4/ 



!ODE CODINC,  

sYMnfrIc CODE X I 
NUMERIC CODE 	1 

,Yf4BOT1IC CODE C 6 
'UERIC CODE 11 

SYMBOLIC CODE C16 
tJJc CODE 21 

Y!BOrIC CODE C26 
UJ1ERIC CODE 31 

SYMBOLIC CQD C36 
Ut4ERIC CODE 41 

X 2 X 	3 X 4 X 5 
2  3  4  5  

C 7 C 8 C 9 CIO 
12 13 14 15 

(:17 C1i3 C19 C20 
22 23 24 25 

C27 C28 C29 C30 
32 33 34 35 

C37 C38 C39 Z 	1 
42 43 44 45 

Cl C2 C3 C4 C5 
6 8 9 10 

Cii, C12 C13 C14 C15 
16 17 is 19 20 

C21 C22 C23 C24 C25 
26 27 28 29 30 

C31 C32 C33 C34 C3 
36 37 38 39 40 



Cior1Nf:CTIVZTY MATRIX - gee -----i.---------  
olll21il.11122227222223333333333444444 

v1173456799012345618901234b67890123456789012345 
8 

U2 	 8  
03 	6 

u5 	 3 
of; 	 7 
u7 	 83 
uS 	 3 
u9 	 3 
1 {3 	 2 
11 	 2 

13 	
7 	1 

i1 	 3  
15 	 1 
16 	 13 
17 	 8 
18 	 8  
19 

21 	 4 	3  
?2 	 4 
23 	 4  
24 	 1 
25 	 1 
26 	 7 
27 
28 	 11 
29 	 1 
3r 	 i 
31 	 1 
32 	 4 
33 	 4 
34 	 4 
35 	 4 
36 	 7 
37 	 1 
38 	 4 
39 	 4 
40 	 4 
41 	 4 
12 	 3 
43 	 5 
44 	 5 
45 



FAULT CODING 

7 8 9 10 
11 13 15 17 19 
12 14 16 18 20 

16 17 18 19 20 
31 33 35 37 39 
32 34 36 38 40 

26 27 28 29 30 
51 53 55 57 59 
52 54 5b 5$ 60 
36  37 36 39 40 
71 73 75 77 79 
72 74 76 78 80 

4ODE 	NO. 1 2 
3 

3 
5 

4 
7 

5 
9 S-A-0

S-A-1 
1 
2 4 6 8 10 

ODE NO. ii, 
21 

12 
23 

1.3 
25 

14 
27 

15 
29 

S-A-1 22 24 26 28 30 

NODE NO. 71 
41 

22 
43 

23 
45 

24 
47 

25 
49 S-A-U 

S-A-i 42 44 46 48 5u 

NODE NO. 31 
61 

32 
63 

33 
65 

34 
67 

35 
69 

S-A-1 62 64 66 68 70 

NODE Na_  41 
81 

42 
83 

43 
85 

44 
87 

45 
89 IS-A-0 

82 84 86 88 90 



RESULTS FOR DEDUCTIVE StMtILATION 

TE5TS SIMULATED 

'r 1 
T2  
T 3 

(U 0 4 ; I U I 

FAULTS DETECTION INFORMATION 

FAULTS DETECTED FOR T 1 
5- 

FAULT NO.5 DETECTED AT Z 1 ARE 	3, 43, 76, I f  11, 32, 48, 78, 5, 7, 
15, 17, 34, 58, 80, 82, 85, 9, 27, 40, 87, 90, 

FAULTS DETECTED FOR 1 2 
-----------------------  S 

ADDITIONAL FAULTS DETECTED AT Z 1 ARE 	2, 4, 6f  8, 14, 20, 22, 24, 36, 
64, 66, 68, 70, 81, 86, 72, 83, 39, 88, 

FAULTS DETECTED FOR T 3 - 
ADDITIONAL FAULTS DETECTED AT Z 1 ARE = 18, 33, 45, 56, 23, 26, 29, 37, 71, 

FAULTS DETECTED FOR T 4 

ADDITIONAL FAULTS DETECTED AT Z 1 ARE = 16, 51, 74, 62, 10, 89, 
AVERAGE FAULT LIST LENGTH 	3.3333 

TIME TAKEN TO $IMLJLATR 4 TESTS 	266 MS 



RESULTS FOR PARALLEL SIMULATION 

FAULTS DETECTED FOR T 1 
_____________ ----_-------w----- 
FAUI,T i O-S DETECTED AT Z1 ARE - 1, 	3, 	ti, 7, 
34, 40, 43, 48, 58, 76, 78, 80, 82, 85, 87, 90, 

FAULTS DETECTED FOR T 2 --- ------------ --------1'!N_-_r aIII 

ADDITIONAL FAULTS DETECTED AT Z 1 ARE = 2, 4, 
68, 70, 72, 81, 83, 86, 88, 

FAULTS DETECTED FOR T 3 --._-.w ow-- ew erm-w"--- -_----------_ 

9, 11, 15, 17, 27, 32, 

8, 14, 20, 72, 36, 38, 64, 

ADDITIONAL FAULTS DETECTED AT Z I ARE = 18, 23, 26, 29, 33, 37, 45, 56, 71, 

FAULTS DE;TE,CTED `OR T 4 

ADDITIONAL FAULTS DETECTED AT 1 1 ARE 	101, 16, 51, 62, 74, 89, 

TIME TAKPIN TO ,SIMULATE 4 TESTS = 	83 MS 



RUT6 FOR CRITIM) PATH TRACI?I( 

r• AULI s DtTECTET FOR T I 
-rarr►1~~. sr ~: I11e r Mewww111e~e9w~-9E'w►rF M+r r!X fMU► 

F'AU1,T ;o.s D} p1FCTt f? AT Z 	1 r1RF = 	1, 	3, 	S, 	7, 
34, 4, 43, 48, 59, 76, 78, 80, 82, 85, 87, 90, 

FAIII.TS DETECTED FOR T 2 
--------------►-r-------aR---- 

ADDITION•)AL) FAUr T5 nETEC'TED AT 7 1 ARE = 2, 4 , 
F9, 7(„ 72, 81, 83, 86, $13, 

PAI1LT 5 DETECTED }'OR T 3 
rw!rw►M-0--►---- srrewr swrwwewr~rrar 

9, ii, 15, 17, 27, 32, 

8, 14, 20, 22, 36, 38, 64, 

ADDITIONAL 	[IItT7 DETECTED AT Z .1 ARC = 18, 23, 26, 29, 33, 37, 45, 56, 71, 

FAULTTS DEMCTFD FOR T 4, 

AJ)fITIfU 1 , FAIUI,T; !)ETECTED AT Z 	I ARE 	10, 16, 91, 62, 74, 89, 

T Z''1E TAKEN TO SXMUI~ATE R4 TESTS = 	121 MSS 



RESULT 5 FflR STAFAN 

NODE CO Cl B1 .5o D1 po 

1 .5000 .5000 .0000 ,3125  .1563 .0000 
2 ..500 .5000 .0938 .2188  .1094 .o49 
3 .51000 .5000 .1111 .1806 .0903 „0556 
4 .5o00 .5000 .2083 .2188 .1094 .1042 
5 .5v00 ,5000 .5000 .3333 .1667 .2500 
6 .5000 .50110 .0000 .1875 .0938 ,0000 
7 .5000 .5000 .0000 •4375 ,2i8 .0000 
8 .5000 . s0u0 .1667 .0417 .0208 ,9833 
9 .5000 .5000 .1667 .0417 .0208 .0933 

10 .5u00 .5000 .01100 ,1667 .0833 .0000 
11 .5100 .5000 .0000 .1667 .0833 .0000 
12 .5u00 .5000 .1667 .3333 .1667 .0833 
13 .5000 .5000 .1667 .3333 .1667 .0833 
14 .50000 .5003 0 .5000 .3333 ,1667 .2500 
15 .5i00 ' .5000̂ .1667 .3333 .1667 ,0n 83 t31 
16 .5000     . 5 0 0 0 .0000     . 1 8 7 5 .0938     . 	0̀  0 0e ~0y 

17 .2500     .7500 .0833     •3333 .0833     . 0 6 2 5 

18 .2500 .7500 .0000 .3333 ,0833 .0000 
19 .7500 .2500 .3333 .6667 .5000 .0833 
20 .2500 .7500 ,6067 1.0000 .2500 .5000 
21 .5000 .50v0 .0000 .0000 .0000 .0000 
22 .5000 .5000 .3750 .0000 .0000 ,1875 
23 .2500 .7500 .2500 .0000 .0000 .1875 
24 .5uO0 .5000 .0000 .3750 .1875 .0000 
25 .5000 .5000 .0000 ,0000 ,0000 .0000 
26 .2500 .7500 .0000 .2500 .0625 .0000 
27 .2500 .7500 .0000 .0000 .00101 .0000 
28 .5000 .500() .0000 .3750 .1875 .0000 
29 .2500 .7500 .0000 „7500 .1875 .0000 
30 .2500 .7500 .0000 .0000 .0000 .0000 
31 .5000 .5000 .0000 .3750 .1875 .0000 
32 .50011 .5000 .0000 .5000 .2500 .0000 
33 .5e~00 .59110 .0000 .5000 .2500 .0000 
34 .2500 .7500 .0000 1,0000 .2500 ,000 
35 .7500 .2500 .0000 .3333 .2500 .0400 
36 .7500 .2500 .6667 .1.0000 .7500 .1667 
37 .7500 .2500 .0000 .2500 .1875 .0000 
38 1.0000 .0000 .0000 .7500 .7500 .0000 
39 1.0000 .0000 .0000 .7500 .7500 .0000 
40 1.00vOO .v000 .0000 .7500 .7500 .0000 
41 .7500 .2510 1.0000 1.00000 .7500 .2500 
42 .2500 .7500 .6667 1.0000 .2500 .5000 
43 .2500 .7500 1.0000 1.0000 .2500 .7500 
44 . SUOJ .500~y 0 1.00/~0/~0. 1t .0~ y 0!~ 0/~ 0 .5000  .50C~0(~ 0/~ 

45 .7500   .2500 1..0001 1.0000 .7500   .2500 

FRACTION OF E' AIJIMS DETECTED = 	0.5846 
TIME TAKEN TO ESTIMATE FAULT COVERAGE = 119 
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tin. (~1 ' GATES =36 
CIRCUIT)rSCRT.PTION 

C;i /X1/C1.,C2,C3/CONT/ 
(i2/X2/C4,C5,C6/COP} .'/ 
G3/X3/C7,CU/COIT/ 
G4/X4/C9, CIO, C11 /CUi T/ 
G5/X5/C12,Ci3,C14/CON'r/ 
G6/X6/C15 ► Ci,b,C1.7/CONT/ 
G7/X7/C1d,C19,C20/CCNT/ 
G8/XH/C 21,C22,C73ICCIJT/ 
Gq/X9/C2 1,C25,C26/CCNT/ 
G1:I/C1,C1/C27/XOR/ 
Gi 1 /C'2, C'5/C2S/UR/ 
G12/C3,Cb/C29/Ai"D/ 
G1.3/C7 C28/C30/\ND/ 
G 14 / c 6,  C 3s)/C31 /GR/ 
G15/C31/C32,C333ICON'./ 
G1b/Cq,C27/Z1/XQR/ 
G 7/C3'2. C34/Z2/XGR/ 
tat. $/C9, C12/C34/X0R/ 
G19/C1.3, C1j/C35/OR/ 
C;2v/Ct4,C11/C36/At~ID/ 
(;21/C35,C33/C37/AN / 
G2:;/C36, C37/C38/CR/ 
G23/C38/C39, C4L~ICON'./ 
(324/C15,C18/C41/AOX/ 
G25/C39,C'41/e3/XOR/ 
G:t,/C1),cC16/C42/OR/ 
G27/C42,t 4J/C44/A D/ 
(;28/C17, C2)/C43/AM[)/ 
C29/C43,C44/C45/OR/ 
G3,.)/C45/C4h,C47/COivT/ 
G31/C21, C24/C48/XOR/ 
G12/C.1$, C4o/Z3/XUR/ 
G'33/C25,C22/C49/OR/ 
(331/C2t,C23/CSi/ AND / 
C35/C-')9, C47/C51/AND/ 
G36/C5v,C51/Z5/OK/ 

r)I sCh P'U1tIi 

'•u. OF  -,GX.F •5=H 
'r1/C1,C4+,Cyi/7,l / 
'.":"/C2,C5 C3,Cr,/C.;+% 

v, Cy3,(:1 • Cl /C HI 
'1'5/Cts,C1 ,C I' / . i/ 

7/C21,C2,-,C hU/%., ; 
~IC22,C2a,C3j,c ,/7'';/ 



NODE CODIiJC, 

S1ROLIC CODE X1 X2 X3 X4 X 5 X6 X7 X8 X9 Cl 
I'WERIC CODE 1 2 3 4 5 6 7 8 9 10 

SY1BOTIC CODE C 	2. C 	3 C 4 C 5 C 6 C 7 C 8 C 9 dO Cli 
NUMERIC CODE 11 12 13 14 15 16 17 18 19 20 

SYMBOLIC CODE C1.2 C13 C14 CIS C16 C17 C18 C19 C20 C21 
JUMERIC CODE 21 22 23 24 25 26 27 28 29 30 

SY!IBULIC CODE C22 C23 C24 C25 C26 C27 C26 C29 C30 C31 
NU;EFIC CODE 31 32 33 34 35 36 37• 38 39 40 

sYorIC CODE C32 C33 C34 C35 C36 C37 C36 C39 C40 C41 
NUMERIC CODE 41 42 43 44 45 4 6 47 48 49 50 

SYiRO1,IC COPE C42 C43 C44 C45 C46 C47 C48 C49 C50 C51 
iU4ERIC CODE 51 52 53 54 55 56 57 58 59 60 

SY1R01IC CODE Z 	1 Z 2 Z 3 Z 4 Z 5 
NU:IERIC CODE 61 62 63 64 65 



CUMCT1VITY MATRIX 

0OJOoO11111il 12222222222333333 33334444444444555555555566666 
1234'3678901234"67890123456 /890123456789O1234b6789017345789O12345 

02  
03 	 8 
u4 	 8 
u 	 8 
06 	 8 

8 

8 
10 	 5 
11 	 2 
12 	 1 
13 	 5 
14 	 2 
15 	 1 
16  
17 	 5 
18 	 5 
19 	 2 
20 	 1 
21, 	 5 
22 	 2 
23 	 1 
24 	 5 
25 	 2 
26 	 1 
27 	 5 
28 	 2 
29 	 1 
30 	 5 
31 	 2 
32 
33 	 5 
34 	 2 
35 
36 	 5 
37 	 1 
38 	 2 
3q 	 2 
40 	 8 
41 	 5 
42 	 1 
43 	 5 
44 	 1 

2 
46 	 2 
47 	 8 
48 	 5 
49  
50 	 5 
51 	 1 
52 	 2 
53 	 2 
54 	 8 
55 	 5 
56 
57 	 5 
58 
59 	 2 

2 

62 
63 
64 
65 



FAULT C0f)jflG  

NflLEu. 	1 
1 

2 3 4 5 
5-A-I 	2 

3 
4 

5 7 
8 

9 
6 

U 
7 

13 
8 

15 
NODE NO. 	11 12 13 3 

10 12 14 16 
21 

5-A-I 	22 
23 
24 25 14 

27 15 
29 16 

31 17 18 

OD 	!O 	21 22 
26 28 30 32 33 

3 
35 
36 

-4 	-41- 23475  
47 42 44 46 48 49 

so 51 53 55 
"'ODE 	O. 	31 32 33 

52 54 56 
61 5-A-i 	62 

63 
64 

65 34 
67 35 

69 
36 
71  37 38 

66 68 70 72 73 
74 75 

76 NODE NO. 	41 
Ri 42 

83 
43 
85 44 45 46 47 3-A-i 	92 84 RG 87 

88 89 
90 91 93 

48 
95 

HODE NO. 	51 52 53 
92 94 96 

S-A-) 
S-A-1 	102 

103 
104 

105 
106 

54 
107 55 

109 56 
111 57 

113 58 

NODE NO. 	61 
108 jj 112 114 115 

118 
121 
12 

62 
123 

6 
125 64 

127 65 
129 124 126 128 130 

	

9 	10 

	

17 	19 

	

18 	2 

	

19 	20 

	

.37 	39 
38 

29 
57 	59 58 	6o 
39 	40 71 	79 78 

49 	50 97 	99 98 	100 
59 	60 117 	119 118 	120 



RESULTS v0IR D)ijtiCT'E Iffl'LATioN 
4 4 * * * * * * *4* * 4 4* * * * * 4444 4* * 4 * * * * 

TESTS SIMUlATED 

T1 : 1 11111111 
0 0 0 o 

7 3 : 1 0 1. 0 1 0 1 0 1 
T 4 : 0 1 0 1 0 1 0 1 0 

FAULTS DETECTION INFORMATION 

FAULTS LTECTEr) FOR T 1 
- - - - •1 - - - - - S - S --55--- 55 

MILT mj,S DETECTEL, AT Z 

i'JULT no.5 DETECTED AT Z 
FAULT LO.S DETECTED AT Z 

FAULT ro.s DETECTED AT Z 
FAULT UU.S DETECTED AT Z 

FMJLTS DETECTED FOR T 2 
S_S 

1 ARE = 5, 33, 	1, 19, 	3, 25, )2,121, 

2 ARE = 79, 81, 0,123, 

3 ARE = 93, 95, 11, 47, 13, 53,100,125, 

4 ARE = 15, 59, 17, 65,114,107,109,127, 

5 ARE =129, 

AD1)ITIOI4AL, FAULTS DETECTED AT Z I ARE = 6, 34, 2, 20, 4, 26,122, 

ADDLTIUNih FAULTS DETECTED AT Z 2 ARE = 7, 70, 80,. P2, 7, 35, 9, 41, 86,12 

ADDITIONAL FAULTS DETFCT!D AT 7, 3 APE = 90, 92, 94,  96, 1-2, 40, 14, 54, 126, 

AD!It.1DALj FAULTS [)ETCTED AT Z 4 ARE = 16, 60, tO, 66,104,106,108,110,128, 

ADDITIONAL FAULTS DETECTED  AT Z 5  ARE 113,129,130, 
FAULTS DETECTEE) PON T 3 

ADO rTONAf, FAULTS DETE(TEt) AT Z 1 ARE = 71, 

ADDITIONAL1 FAULTS DETECTED AT Z 2 ARE = 1, 5, 21, 31, 73, 77, 8, 36, 10, 4 

ADDITILNAL FAULTS DETECTED AT Z 3 ARE  1, 5, 9, 21, 31, 43, 73, 77, 79, 8 
87, 91, 99, 

ADDITIONAL FAULTS DETECTED AT 1 4 AnE 113, 1, 5, 9, 13, 21, 31, 43, 55, 7 
77, 79, 83, 87, 91, 93, 97,101,i'5, 

ADDITIONAL FAULTS DETECTED AT I S ARE  1, 5, 91  13, 17, 21, 31, 43, 55, 6 
73, 77, 79, 83, 87, 91, 93, 97,i01,I05,107,i11,115,119, 

FAULTS DETECTED FOR T 4 

NO ADDITIOfAL FAULTS DETECTED AT Z 1 

ADDITI0Iqf4. 	FAULTS DETECTED AT 1 2 ARE 	2, 	24, 	6, 	32, 	85, 

ADDITIONAL FJ\wT5 DETECTED AT 1 3 ARE 	10, 	46, 	2, 	6, 	24,  32,  76,  78,  80,  8 

ADDITIONAL FAULTS DETECTED AT 1 4 ARE  14, 58, 
80, 84, 9!, 92, 94, 98, 

ADDITIONAL FAULTS DETECTED AT Z 5 ARE  18, 70, 
76, 75, 80, 84, 9, 92, 94, 98 ,104,106,108,112, 

MTER 	r, rnr 	bI)l JElic_1Trl :  5, h7 69 

2, 6, iO, 24, 32, 46, 76, 7 

2, 6, 10, 14, 24, 32, 46, 9 

T A K EN TO SIMULATE 4 TESTS 	3g7 1i5 



RESULTS FOR PARALLEL  SIMULATION 

FAULTS DETECTED FOR T 1 
----------------- 

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

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

FAULT NO.5 DETECTED AT Z 3 ARE = 11, 13, 47, 53, 93, 95,100,125, 

FAULT NO.5 DETECTED AT Z 4 ARE = 15, 17, 59, 65,107,109,114,127, 

FAULT 14O,S DETECTED AT Z 5 ARE 129, 

FAULTS DETECTED FOR T 2 
______S - S - ------------- - - 

ADDITIONAL FAULTS DETECTED AT Z 1 ARE = 2, 4,  6, 20, 26, 34,122, 

ADDITIONAL FAULTS DETECTED AT Z 2 ARE = 7, 9, 35, 41, 76, 78, 80, 82, 86,1 

ADDITIONAl FAULTS DETECTED AT Z 3 ARE = 12, 14, 48, 54, 90, 92, 94, 96,126, 
ADDITIONAL FA'JLTS DETECTED AT Z 4 ARE = 16, 18, 60, 66,104,jO6,O8,j 10,128, 

ADDITIOt4A!, FAULTS DETECTED AT Z 5 ARE 118,120,130, 

FAULTS DETECTED FOR T 3 

ADDITIONAL FAULTS DETECTED AT Z 1 ARE = 71, 

ADDITIONAL FAULTS DETECTED AT Z 2 ARE = 1, 5, 8r  10, 21, 31, 37, 42, 73, 

ADDITIONAL FAULTS DETECTED AT Z 3 ARE = 1, 5, 9, 21, 31, 43, 73, 77, 79, 
97, 91, 99, 

ADDITIONAL FAULTS DETECTED AT Z 4 ARE = 1, 5, 9, 13, 21, 31, 43, 55, 73, 
79, 83, 87, 91, 93, 97,101,105,113, I t  
ADDITIONAL FAULTS DETECTED AT Z 5 ARE  1, 5, 9, 13, 17, 21, 31, 43, 55, 
73, 77, 79, 83, 87, 91, 93, 91,i01,105,1Q7,i1i,115,119, 

FAIJI4TS DETECTED FOR 7 4 
----------------------- 

NO ADDITIONAL FAULTS DETECTED AT Z i 
Ar)DITtorrAL FAULTS DETECTED AT Z 2 ARE = 2, 6, 24, 32, 85,  

ADDITIONAL FAULTS DETECTED AT Z 3 ARE = 2, 6, 10, 24, 32,  
4 6,  

76,  78,  80, 

ADDITIONAL FAULTS DETECTED AT Z 4 ARE = 2, 6, 10, 14, 24, 	32, 	46, 	58, 	76, BQ, 	84, 	90, 92, 94, 	98, 2, 
ADDITIONAL FAULTS DETECTED AT Z 5 ARE 2, 6, 10, 14, 18,  24,  32,  46,  58, 
76,  78,  80, 84, 90,  .2,  94, 98,104,10,108,1i2, 

TINE TAKEN TO SIMULATE 4 TESTS = 156 MS 



RESULTS FOR CRITICAL PATH TRACING 

FAULTS DETECTED FOR T I 

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

FAULT NO.5 DETECTED AT Z 	3 ARE = 	ii, 13, 	47, 53, 	93, 	95,100,125, 

FAULT NO.5 DETECTED AT Z 	4 ARE = 	15, 17,  59, 65,107,109,114,127, 
FAULT NO.5 DETECTED AT Z  5 ARE 129, 

FAULTS DETECTED FOR T 2 

ADDITIONAL FAULTS DETECTED AT Z 1 ARE  2, 4, 6, 20, 26, 34,122, 

ADDITIONAL FAULTS DETECTED AT Z 2 ARE  7, 9, 35, 41, 
7 7 
 78, 80, 82, 8,12 

ADDITIONAL FAULTS DETECTED AT Z 3 ARE = 12, 14, 48, 54, 90, 92, 94, 96,126, 

ADDITIONAL FAULTS DETECTED AT L 4 ARE = 16, 18, 60, 66,104,106,108,110,128, 

ADDITIONAL FAULTS DETECTED AT Z 5 ARE =118,120,130, 

FAULTS DETECTED FOR T 3 
-------- 5--------------------- 

ADpITIo''Ar FAULTS DETECTED AT Z I ARE = 71, 

ADDITIONAL FAULTS DETECTED AT Z 2 ARE = 1, 5, 8, 10, 21, 31, 37, 42, 73, 7 

ADDITIONAL FAULTS DETECTED AT Z 3 ARE = 1, 5, 9, 21, 31, 43, 73, 77, 79, 
87, 91, 99, 

ADDITIONAL FAULTS DETECTED AT Z 4 ARE = 3, 5, 9, 13, 21, 31, 43, 55, 73, 
19, 83, 87, 91, 93, 97,101.,105,11,3, 1, 

ADDITIONAL FAULTS DETECTED AT Z 5 ARE = 1, 5, 9, 13, 17, 21, 31, 43, 55, 
73, 77, 79, 83, 87, 91, 93, 97,10l,105,107,111,115,119, 

FAULTS DETECTED FOR T 4 
------------ " ------------ 

NO  ADDiTIONAL FAULTS DETECTED AT Z 1 

ADDITIONAL FAULTS DETECTED AT Z 2 ARE = 2, 6, 24, 32, 85, 

ADDITIONAL FAULTS DETECTED AT Z 3 ARE = 21  6, 10, 24, 321 46, 76, 78, 80, 

ADDITIONAL FAULTS DETECTED Al Z 4 ARE = 2, 6, 10, 14, 24, 32, 46 58, 76, 
8c,, 84, 90, 92, 94, 98, 2, 

ADDITIONAL FAULTS DETECTED Al Z 5 ARE = 2, 6, 10, 14, 18, 24, 32, 46, 59, 
76, 78, 80, 84, 90, 92, 94, 98,104,106,108,112, 

TIME TAKEN TO SIMULATE 4 TESTS = 216 MS 

'I 



RESULTS FOP STAFAH 
*44*44*4* * *44* * * ** * 
UOL)E CO Ci 81 80 P1 no 

1 •5 10 .500 .3707 .4080 ,2o40 .1853 
2 .5ioo 3707 .4080 .2040 ,1853 
3 50QQ .6680 .6680 .334D .3340 
4 .5.0 ,1)1 .SLNO .0382 .0764 .u382 .(1191 
5 5Q .50611 .0382 .0764 .0382 .0191 
6 e5O .3750 .4167 .2083 .1.875 
7 •50o4) .3750 .4167 .2083 .1875 
8 .5Q) .500 .3889 .4444 .2227 .1944 
9 •5flu .5000 .3889 .4444 .2222 •1.944 

.5000 1,0000 1.6000 .5000 .5000 
11 ,500 .5D:0 .1120 .00oO .000u .0560 
12 .5ao .5000 .000) .2240 .1120 .0000 
13 •5 .5000 1.000Q 1.0000 .5000 .5000 
3.4 .500 .5000 .1120 .0000 .0000 .0560 
15 •50() .5000 ,000U .2240 .1120 .0000 
16 .5mG .5000 .3359 .3359 .1680 ,18o 
17 .5i00 .5000 1,0000 1.0000 .5000 .5000 
18 •5) 1 .5000 .0000 .0000 .0000 .0000 
19 
20 

.5000 

.5000 
.1146 
.0000 

.0000 

.2292 
.Oo00 
.1146 

.0573 
.S0) .0000 

21 .5j0 .500 .0000 U000 .0000 .0000 
22 .5u0 .5000 .1146 .0000 .0000 .0513 
23 ,5.,.jO .5000 .0000 .2292 .1146 .0000 
24 ,5moO .5000 1.0000 1.0000 .5000 .5000 
25 •563 .5000 .1250 .0000 .0000 .0625 
26 .500 .500 .0000 .2500 .1250 .0000 
27 15000 .5000 1,0000 1.Q000 .5000 .5000 
28 .b000 .1250 .0000 .0000 .0625 
29 
3u 

,50Ø0 .5000 
.5000 

.0000 .2500 .1250 .0000 
.5030 1.0000 1.0090 ,5000 .5000 

31 .5000 .5000 .3.667 .0600 .0000 .0833 
'32 .50o0 .5000 .0000 .3333 .1667 .0000 
33 .500 .5000 1.000o 1.0000 .5000 .5000 

.1667 u000 0000 .0833 
35 .50G0 .5000 .0000 •3333 .1667 .0000 
36 ,500 .5000 1.0000 1.0000 .5000 .5000 
37 .2500 .7500 .2240 .cOou .0000 ,1680 
38 .75o0 .2500 ,0003 .4479 .3359 .0000 
39 .5)00 .5000 .3359 .6719 .3359 .1680 
40 .5000 .5000 .6719 .6719 .3359 .3359 
41 .5000 .5000 1.0000 1.0000 .5000 .5000 
42 .51oO .5000 ,3438 •3438 .1719 .1719 
43 .5O0 .5000 1.0000 1.o0oO .5000 .5000 
44 .2500 .7500 .2292 .000 .0000 .1719 
45 .7500 .2500 .0000 .4583 .3438 .0000 

:3438 .6075 .343d .1719 
47 .5000 .5300 .6875 .6875 .3438 .3438 
jg .5000 .5300 1.0000 1.0000 .5000 .5000 
49 .Soo .5000 .3750 .3750 .1875 .1875 
50 .5)00 .5000 1.0000 1.0000 .5000 .5000 
51 .2500 .7500 . 250 .00o ,0000 .1875 
52 .7500 .2500 ,0009 .5oo .3750 .0000 
53 .5)00 .SOoO .3750 .7500 •375j 118 ,75 
54 .5)00 .5000 .7500 .7560 .3750 ,3750 
55 .5300 .5000 1.0009 1.0o0 .5000 .5000 
56 .5v00 .5000 ,5000 Souo .2500 .2500 
57 .5o00 .5000 1.0000 1.00(0 .5000 .5000 
58 .25c0 .7500 .3333 .0003 .2500 
59 .75oo .2500 .0000 .6667 .5001) .0000 
60 .'000 .5030 ,5000 1.)3C0 .5000 ,2500 

.5000 1.000 3..3000 .5000 .5000 
62 .2500 .7500 1.0001) 1.00011 .2500 .7500 
03 ,5(10 .5000 1,0000 3.,nQu0 15000 .5000 
64 .5)00 .503 1.0000 1.1000 .5000 .5000 
65 .5000 .5000 1.0001) i.oc .5000 .5000 

FRACTION OF F'AUrS DETECTED 
TIMt 	TAKEN TO ESTIMATE FAULT C0Vr.RAGF; 171 



N" 

Circuit No, Parallel Deduotive Critical Path STAFAN 

1.  41 171 100 82 

2.  53 212 114 93 

3.  95 270 112 103 

4.  83 266 121 119 

5• 156 397 216 171 

C.P.U.TIME IN MILLISECONDS 

TABLE 

CIRCUIT NO N0• 	OF NO.OF FANOUT 
GATES FALLTS 

1• 15 52 6 

2. 21 70 8 

3,. 22 74 4 

4. 24 90 9 

5. 36 130 12 

CIRCUIT PARAMETERS 

TABLE 4'.2 



66 

in circuit,. These parameters for each of the circuits 

considered have been shown in Table 4.2. 

The relationship between the G.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 are simulated as simple 

logic operation between the computer words while for other 

techniques 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 C.P.U. time/gate requirement for parallel 

simulation has been calculated in the Table 4.3. The information 

obtained from this table is plotted against the number of faults 
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simulated in Figure 4.7. This figure gives information 

about the C.P.U. time, requirements as the number of passes 

through the parallel simulation program increase. This is 

because in one pass only 36 faults can be simulated. 

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

1. 41 15 2.73 

2-. 53 21 2.52 

3. 95 22 4.31 

4.  83 24 3.45 

5.  156 36 4.33 

CALCULATION 0 AVG TIME PER GATE 
FOR PARALLEL SIMULATION 

TABLE 4.3. 

Ckt.No. C.P.U.Time No. of gates C.P.V. Avg. fault 
- time/gate list length. 

1.  171 15 it°.45 4.6154 
2.  212 21 10,.1 2.5429 
3, 270 22 12.23 8.3514 

4.  266 24 11.08 3.333 
5.  397 36 1,1.04 5.6769 

TABLE 4.4 
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PARALLEL 51MULAYION: 
AV(i. C•PU TIMEJGATE  V. FAULT J SIMULATED 

FIGURE 4.7 



The efficiency of critical path tracing depends 

upon the amount of fanout in the circuit. A sketch between 

the G.P.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 

efficiency. 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 G.P.U. time/gate has been 

plotted against the average fault list length. 

To evaluate the performance of STAFAN it is necessary 

to check the accuracy of the; fault coverage estimate produced. 

This can be done by calculating the actual fault coverage from 

the fault detection information of the fault simulation tech- 

niques and then comparing it with the estimated fault coverage. 

This has been done n table 4.5 and Figure 4.10 respectively. 

From Figure 4.10 it is evident that the curve is very close to 

a straight 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 increase 

in circuit size due to the statistical nature of the technique. 
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Ave. C•P•U 11ME /GATE V6. AvG,. FAULT LIST L.EN(iTH 

FIGURE 4.9 



•25 	.5 	.i5 	1.00 

E4TIMATED FAULT COVERAGE 

FAULT CoVERAdrE I 

COMPARSSON OF ACTUAL kE$TIMATED 
FIGURE 4.10 



From the reaults it is clear that the basic advantage 

of 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 advantageous beca4~se 
of the enormous increase in the number of gates/ circuit and 
an explosion in the number of faults to be considered. 

Circuit No.. No. of 	Total no. Actual 	Estimated 
faults 	of faults Fault 	Fault 
detected 	 coverage coverage 

1. 	52 	52 	1.00 	0.9283 

2,. 	12 	70 0.1714 0.1922 
3. 51  74 0.689 0.6733 

4. 56 	90 0.644 0.5846 
5.. 	95 	130 0'.730 0.7291 

TABLE 4.5 

4.2 $  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 below. 
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1. The sequential circuits can be included using the 

block array model [41. 
2. Here only two logic values ..Q/1 have been considered. 

The work can be extended to accomodate multiple level 
logic. 

3. 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 and Baker. 

4, Multiple stuck -at faults may also be simulated. 

5. The present work represents the problem of fault simulation 

at the gate level. 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. 

11 
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196 1.T' lr, 	C, raNCJl;ES 
197.x.7 A"J 	C, 

190,~u t,nv ; 	3, [POINT 	7,NODE, II 
199 1G ' SUBI 	A,17  

?,'.`JÌ 	, dPST  

2'0 2 .) 
23r,4' COfiT; SE: Z 	U,  

MOVE 	.S,ICIODE(~1) 

MOVE 	V,3CNT(X) 

2O I17VF 	W,X 
2`-'7.30 1Fn l.]I4I 	W, 1O 

Cr4T2: MfVl~ 	[IN,0UIf(1.1 
2? 1.t Soi 	R, 
2ilot IMIIL 	R,NPJE)fES 

2119V ADD 	R, r1 

212~+) M(1VEM S,NUDf(R) 

213 It• A 17.1 	1. 
14JJ ,°.noGE V,CNT'2 

2t5'n AN M, 

21?O A(1J 	N, 
2 t 7€ o CAME 	Pl, N UOJ)LS 

JRST CONT+1 

219 ,1 MOVE, 	V,OCNT(X) 
ryryy + or) MOVE W, X 

221`>(1 IMl]LI 	W, 10 

222 CWO: MOVE 	,OUT P) 



PARA1.,I,1:L, SI ^i(IJ,A'vi:u1 

223o 	 S(),) 	A, 

224 , 'j 	 CAr.,t, SF T'F'i,T 

A(Rtd 111, 

221. > > 	 Stu,tGT: vi, CNT3 

227'o 	PET 

2288 ,! 
,29+, s 
023011 END 

PA(,E: 



1 
L)UUC'r1VE  3iMUtjAT1UN  - 

09100 

00200 C FAULT  SIMUL4A2'IUN 

00300 

09409 SU8H0UT.LN1  FS1MU 

00500 C X1N(J.  U  INPUT SETS TO bE SjMUbATO 

00600 C X11,J):IT!i  INPUT SET  JT!1  PRIMARY  INPUT 

00700 JnPbICLL INTGH(A-Z) 

00890 Ht;AL4  LRACT,TUX 

00900 U1MN1uN  ICNT(iQ0),OCNT(100),P(jQ),1NPUTlVQ,iO) 

01000 

01100 

01200 

01300 COMMON 

01400 1, INTCNT,PkuTC, NUDtiUM/ANA2/i'VALU, I/ARAS/JT, NT/AREA4/ 

01500 2CFT,NCT/AAS/NiE 

01600 AUU1,),Xi 

01700 

Q1Q0 WITE24,cQ) 

01900 8u OPMAT(5XjXSULT3 UOR U  UTIVt  1MUbAT1UN/5X, 

02000 1) 

02190 WITE(22,90) 

02200 90 FuRt4AT(//5X,'TEST  

02300 PU  I1U  1,XJ 

02490 

02500 100 FORM  (X,'T',I2,  

04600 119 CONTINUE  

02,700 WRII'EL22,98) 

02800 9d FuRrAT(//X,'FAuLTS D1TcyiuN 1NFUHMAT1U/5X,:===Z 

02900 

03090 PuT=PKlNCN+jNTCNT 

93100 CALLS  xIj(TiME1) 

03200 DO 1000 11,XAN 

03300 DO 280 J1,PXINCN 

03400 

03500 

03600 IF:(TVAL).Q.Q)  TO  2b0 

03700  



	

PAGE: 	2 
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03800 	GU TO 203 

03900 2b0 

04000 2b3 

04100 280 	CUNTIPJ1J 

04200 11 

04300 300 GO TO 

04400 310 CALL UAND 

04500 GO TO 340 

04600 312 CALL UO 

04700 GU TO 340 

04800 314 CALL UNANI) 

04900 GO TO 340 

05000 316 CALL 	UNtJ 

05100 

 

GU TO 340 

05200 318 CALL UXUk 

05300 GO TO 340 

000 320 CALL VXNUX 

05500 GO TO 340 

05600 322 CALL UNtJT 

05700 GO TO 340 

05800 324 CALL UCUNT 

05900 340 11+i 

06000 1f(I.LE.NUGA)UO TO 300 

06100 Wk<ITF.L2,499),Y 

06200 499 FUthAE(/5A,'AUbTS DETECTED FU( 

0 6 300 1 	- 	• 
0b400 DO 550 P1,PIJTCN 

00500 PuT+P 

06600 II(.T.1)GU 	TO 	38U 

06700 00 488 	U1,NT() 

00800 PTtY,H)T1b,h) 

06900 FC(H)FTtB,h) 

07000 488 CUNT1NU 

07100 NFT(P)NI'i) 

01200 GU TO 288 

07300 388 NAFT()0 

07400 DU 	358 	GG1,NT() 



PAGE; 	.f 
DEDUCTIVE b1MULATJUN 

07500 u0 	348 	tiH=1,1vk'FE(P) 

07600 1F'(PE"1'(r,nti). ;0.E'1( 	,GG))O0 	TU 	X58 

07700 348 CUNT1NUE 

078U0  

47900 AFT(P e NAFT(P))=FT(B,GG) 

08000 3t)o CUNTINUE 

08100 I1^'(NAr'TUU').EU.U)GU 	TO 	723. 

08200 DO 689 	1,NAFT(P) 

08300 rF'TtP,NPP'T'(P)+E)=AF1'(P,f ) 

0i400 689 CUN'T'INUE 

085500 N!'FT(P)=NPKT(P)+NAF'T(P) 

08600 WF 1TE(22,t 99),P, (AF'1'(P,L),C=1,NAF'T(P) ) 

07Q0 699 FU4~MAT(/5X,'A )DiTI 	vAL FAULTS DETECTED AT Z 	,,L3, 3 	At 	w' 

08800 1,25(13,,') 

08900 UU TO 5 (1 

09000 721 W!UTEt22,'/22),P 

09100 t,U 	TO 	5511 

09200 722 F'URMAT(/bX,'NU AI)UITI )NAL FAULTS DETECTED AT : '`,l2) 

0931)0 288 W.BITE.(22,500),P,(P'3'1B,C),Cw1,NFT(B)) 

09400 500 FURMAT(/5A,'k'AU T 	NU,S UE'LFCTED AT 4'p13r` 	ARE  

09500 5b0 CONTINUE 

000 1O0U CUNT.INU ; 

09700 CAt ! 	'1'IMI K(1'1ME2) 

09800  

09900 WHITE (22,1001),XIN,T'IME 

10000 1001 IURMA"1' (/ / 5X,' XIME TAKEN TO SIMULATE 	',I2, 	TESTS 	 MS/ 

10100 lbX 	 _.^ ',r) 

:10200 R; T URN 

10300 END 

10400  

10500 C KUIJTINE FUR AND GATE 

10790 SULRDUT1NE RAND 

lvUOO IMPLICIT 	INS' ;GEH(A•I) 

10900 DIMENSION 	INPOT'(1Q0,10),UUT(iQ0,1Q), FT(1QQr2QU),1CFJT(1Qv), 

1100() IUCNTt1QU),NT(100), 	(10U),`1'VAUUE(IOU),Ck'T(1Q0,2VQ), 

11100 2NCFT(IUO),JkT(1QU,; 0U),NrTJ(10Q) 



PAGE:  4 
DEDUCTIVE SIMULATION 	 -. 

11200 	 COMMON lidPUT,UUT,t'T,ZCNT,UCNT,Nk'T,Ft~/ALA ;A; /TVAL,UE fl/AHEA3/Jk"Y, 

11 30() 	 1NFT.1/ AtEA4/C?'T, NL:?'T/AREAS/NUS; 

11400 	 PU 10 J=1,iCN1(,1) 

11500 	 1.k'('TVALUE INPUT(1,J)),F,U.U)GU TO 50 

11600 1V 	CONTINUE 

11700 	 TVAL,UE(UU'T(i,1))=1 

11Fi00 	 CALL COMPO 

11900 	 CALL ON L,CON 

12000 	OUT(i,l)) *l1U'T(1,1)^1 
12100 	GO To 9U 
12200 5U 	TVALU([)UT(I,1))=0 

12300 	 CAU1, COMP) 

12400 	 CALL 1N1'Lw1 

12500  FG(QUT(1,1))=2*UUT(1,1) 

12600 90 	Ne'T(ouT I,1))=NFT(UUT(I,1))+1 

12700 	 F'T(OUT(1,1),.Nlk'T(Ul1T(T,1)))=N'G(UUT(l,1)) 

1200 

12900 	FNt) 
1000 

13100 
1,1200 C 	ROUTINE TO SJ.MULATE 08t (ATE 

1300 C- -- ------------ ---: a~=.._-----_—____-----a_.,—_ —  
I3400 	 SUBRfluTJ NI, OUR 

1350 	 1MP)_,ICIT 1NT> GERI A-Z) 

13600 	 L).MEN51UN INPUT(100,i.U),UUT(100,1U),rl'(100,200),ILNX UUU), 

13700 	 1UCNTl1U0),N1+'T(100),F((1UU),TVAbUE(10U),Ck'T(100,200), 

13800 	 ZNCFTI 100), J T(100,20U),t~i TU(1UU) 

13904 	 COMMON 1NeUT,UU`1',k'T,ICNT,UCNT,Nr'T,FC+/AFRJ A2/'TVALUr,1/AKEA3/UC'T, 

14000 	 1NFTs1/AtthaA4/CP'T, NCFT/AREAS/NUS; 

14100 	 L)U 10 J=1,1(NT(i) 

14200 	 its'(TVAbLJE~t1,Nt'UT(.L,J)).EU.1)(U '1'U bU 

14300 10 	CUNTINUL 

14400 	 TVALUt (Uuw(1,1))=U 

14500 	 CALL, Ct)MF1 

14600 	 C/thL, UNJMNN 

14700 	F(x(UU1,1))=2*U{UT(1,1) 

14800 	GO TO 90 



DEDUCTIVE SIMULATIUN 	 - 	-' 

149QQ 50 TVALUt(UUT(1,1))1 

15000 CALL COMPO 

CALL INTER  

15Q0 VG(UUi(i,1))2*UUJ,1)-1 

15301 90 NT(OUTUi))NFT(UUT(I,1))+i 

1400 T(OU1)MT(UUT(I,1)))F((UUTt1,1)) 

155Qfl RETURN 

15600 END 

1570Q 

15R00 C HLJUTINE  TU SMUJA1  NAN!) (ATE 

15900 

1600Q SUBROUTINE UNAN!) 

1t100 IMPLICIT  iNTi.GER(A) 

16200 PiMIUN  1NPUT(1()0,i0),UuTL1,1oJ,0Q,0U),eNT0u), 

1630 1UCNT(1VQ),T(100),F1OU),TvALU(jOU),CT(1UU,00), 

16400 2NCFT100),L!FT(100,2O0),NFTJ(1U0) 

lbSOQ c:UMMON 

lbbOO 1NFTJ/AkEA4/CFT, NCFT/AF'!' A5/NP1 

1b700 DU  10 J1,1CNT(I) 

16800 1F(TVALUE(iNPUT(1,d)),U,U)(iU TU  50 

10900 10 CONTINUE  

170)0 TVALU! (OUT (I,1))I) 

17100 CALL COMPO 

17200 CALL UNION 

17300 F(OUi(L1))2*UUT (1,1) 

17400 GO TO 90 

17500 5u TVAJ1U(Ulfl(i,1fl1 

17600 CALL CUNk'l 

17700 CALL INTER  

17800 FG(0UT(I,1))2*UUT(1,1)-1 

17900 90 !FT(OUTtL,1))NFT ((JUT(I,i))+1 

18000 FT(OUT(i,1),N'T(OUT(I,1)))G(UUT(i,1)) 

18100 !TURN 

18200 END 

Cl  RUUTINE TO SIMI)LATE NUR GATE  



0 
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SUBRUUT1N1 DNUK 

18700  IMPLICIT !N`T`;GER(A-L) 

138Q0  UIMEN, I[1N .1Nf'UT(1U0,10),UUT[100,10)'T(10O,24o),ICNr'(1oo)r  

18900  1UCNTi1,00),M'T(100),G(1UU),TVALU1VU),CFi(1uQ,2OQ), 
19000  2NCr'TUUU0 ),Jk'T[ioo,2oo),Nk'rd(1coo) 
19100  CUMMON link'tUT,UUT,P'T,ICNT',UCNT,NkNT,F'G/Akt ;A2/T'VALUL,I/AKEA3/ Iy'T, 

9.9200  1NNF TJ/Att*:A4/CP'T, NCE `1/A[tEAb/NP)E 

19300  UU 10 J 1,1CN'T(fl 

199:00 	 1F(TVALUk;(iNPUT(I,J)) a EQ.1)t;U TU bU 

1950E 10 	CUNTINUL 

l9boO 	 TVA_i.Aut'.tUUT[J.,1))-1 

19700 	 CALL COMP) 

19800 	 CALL. UNION 

19900 	 FG[UUT(I,1))=2*UUT [ 1,,1)-1 

20000 	 GU ZU 9fl 

20100 50 	TVALUD;(UUUU r  [) :0 

20200 	 CALL C0PitP0 

20300 	 CALL 1N'TE 

20400 	 k'(i(UUT(1,1))=2*UUT'(1,1) 

20500 90 	NFT(QUTt.I,1))=gkT(UUT(I,17)+1 

20b00 	 F"('Uf(1,1),T(CJUT[I,1))1=['i (UUTG,1)) 

20700 	 RETURN 

Zu800 	 END 

20900  

21900 C 	HUUT.I[ E TU 51MULA'TF CUNTiNUiTY 8LUCtt 

21100 C= c---------------  

21200  SU8HOUT .Na DCEJN'T 

21300  IMPLICIT INTEGE:H(A•Z) 

/1400  O1M N UN 1NUT(1V0r1fl),UUT(1U0rlU),F10t1r200)r1LN'A'(10U)r  

21500  1UCNT1UU)r1(100)rk(10V)r'TVALU0t1), i'(1Gflr 2ufl)r 

21600  2ICf'`Il00)r1k1(10 3r20[?),N TJ(1U0) 

21700  CUMMON INktJT,fUT',E"T',1tNWT',UC NT ,T',FG/AkEA2/TVALUtL,1/AK► A3/+1k'T, 
21800  1N.FTJ/AbEA4/CE''T,NC,F'_l'/AREAS/IIPII 

21900  DU 25 31=1,UCNT(1) 

22f?00  Nr'Tr0UTkl,Ji))=NFT(INPt.r'TU.,i)) 

22)00  DU 15 J2=1,Nk''T(1NPLJT(b1)) 

22200  F ([]UT(1,)7.),J2)=FT(INPUTc1r1),J2) 
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21300 1 CUNTINUE  

22409 25 CUNTINU 

- 	225CC 1(TVALU(IfUT(1,1)),E0.0)CU  LU  bO 

226u0 VU  10 J1,UCNT(i) 

22700 TLUUUT(1,J))TVALUE1JPUT1,i)) 

22H00 F(uUT(i,J))2IcUUT(i,iJ)1 

22900 NrT(OUTcI,J))NFT(UUT(I,J))+1 

23000 FT (OUT (i.,JJ,rT((JUTlJ,J)))FG(UUTI,J)) 

23100 10 CU1'V.L'INU 

24200 CU TO 60 

73300 50 DO 20 J1,UcrT(I) 

23400 TvALU(UUT(i,J))VALUE(iiJPUTU,1)) 

23i00 (UUT(.L,J)):2*UUT(J.,)) 

23(500 NT(OUTtI,0))NFT(UUTU,U))+1 

23100 

23900 20 CUNT1NU 

23900 60 RhJURN 

24000 FND 

24100 

24200  SUBROUTINE 1)4QT 

24300 

24400 IMPLICIT  TCER(A-Z) 

24500 UiM1UN  LNUT(100,10)JuT1u0,Lg),T(10200),LCNT(10u), 

246()0 1UCNT10Q),NFT(100),(1UQ),TvALU(10U),CT1O0,2Q0), 

247o0 2JCFT(10Q) ,T(100,200),NLTU(IUtI) 

24800 CUMMON  INeUT f OUT ? t'T I ICNT o UCNT lNt'T,F'(i/AHEAZ/'XVALUt;,I/AF,-E'A3/jr'T t  

24900 1NFTJ/AXA4/CFT, 

2000 Nt'T(OUT(j,1))FT(i4PUT(1,1,)) 

25100 1(TVAbU(1NPUT(I,1)),Eu,u)U TO  10 

25200 TVA1U(UtJ'x(j,i))v 

2b300 FG CUUE(i,i))2UIJTU,1) 

25400 GU TO 20 

25500  10 TVALtJ((JUT(j,1))1 

25600 

25700 20 UU  40 Ki,fFT(OUT(l,1)) 

251300 FT(OU,1),FT1NPuT(I,1),) 

25900 4v CtNTINUF. 



DEDUCTIVE SMUATiON' 

26000  N1T(OuTi.1,1))WT(UUT(I,1))+1 

261.00 

26200  RETURN 

26300  ND 

2400 

26500  SUBI(UUTi.Nt UXUR 

26600 

26700  IMPOJelT iNTEIUA) 

2b800  DIMENSION  PUT(100,10),UuT1UO,1u),T1O0,20Q),ILNTt.1Q0, 

26900  ltjCNTiiU0),NFT(1Q0),FG(10U),TVAbUE(10t)),CF111Q0,2UQ), 

27C00 yC'Ti,UO),U(00,200),NTJ(100) 

27100 CUMMON  itWUT,UUT,LT 

21200 1NFTJ/ AkA4/CT, N CI'T/AREA  /UDE 

27300 N:0 

2/400 DO  0 K:1,IT(I) 

27500 I1,t 

27600 OU  5 Ai,Nfl1ND1) 

2/700 0 FT(NPE,A) =FT twE,A) 

2700 5 CUNrINUel,  

27900 NFT,J(iJDE)NL'T(NUE) 

28000 

78101) 20 CUN1'i0U 

28200 I'(,EU,0).UR,(NU,2))VAbUE(UUT(1,1))Q 

28300 i(NEQ1)TViL1UE(UUT(1 0 1) )j 

28400 CAIJJ  uNa.ON 

28500 1CTVALU(OUV(i,i))EQ,1JO0  TO  0 

28600 FU(UUT(I,1) )2UUT(.L, 1) 

28700 (U TO 60 

28800 50 (UUT(i,1)):2UUT(I,1)-1 

28900 €tJ NIT (OUTU,1)):NFT(OUT(I,1))1-i 

29000 T  uu,i,,NFT(uuTu,1)),rGuuTu,1)) 

29100 

29200 

29300 

29400 SUBROUT4E 0NOR 

29500  

29500 IMPLICIT  NT(") 
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29700 	 UIMENSIUN INPUT(100,10),UUT(1U0,iu),FT(10t),20U),1LNT(1UU), 

29800 	 7UCN ()1U) r 1Jt'I'(i0U) r FC;(1UU),TVAI,t) (10t)),CkL1U0,2UUJ r 

29900 	 2NC I'(10t)) rU T (10Ur10U),N 'TJ(1UU) 

30000 	 COMMON 1N-PUT,UUT,T r IC T,UCNT,NFT r F'G/ARC;A; /1VALUL I/AREAS/►1O"1, 

30100 	 1 NFT,)/ AKLA4/CF'T, NCF T/AREAS/IVUl 

30200 	N^0 

30300 OU 20 K-1,1CNT(i) 

30400 NUE=lNPti T (1 r K) 

30500 00 	5 	A=I,N?'T(N0 ;) 

30600 OFT(NC>E,A)=F' (Np;,A) 

30700 5 CUN°TINUk; 

308C•~,3 NkTO(NVL)=NF"1'(NUE) 

30900 le'(TVAL.UE(PNU).EQ.0)N=N+1 

31000 20 CUNTINU~: 

31100 1F'C(N.EU.0).0 	.(N, 	U.2))TVAJ4UF~(UUT(i,i))=1 

31200  

31300 CALL 	UN:(UN 

31400, 1W(TVALUF1UUT(I,1)).EU.1)(O 	T[U 	5U 

31500  
31600 U 	'A'O 	bU 

31700 50 	''C (UUl r 1))'2*UUT(1r 1)M1 

31800 60 	NFT(OUTtl,I))=NNFT(UUT(I r I))+1 

31900 	 F1CUU1(J,1),NET(Uti`C(I r i)))F( (UuT(1,1)) 

32000 	 ~te:TURN 

32100 	 END 

32200  

32300 C 	ROUTINE FUR UNION OF FAULT bASTS 
32400 C= 	___~ ___ 	 __  

32500 4UBRQUTJ,NL UNION 

32600 IMPLICT,T 	1NT ;GER(A^G) 

32700 DIMEN.IUN 	INPUT(1UU,1u),00T(1QU,1u),ICNT(IOU),UCN'T(10U), 

328)'0 1T(100,200),F'((100),NF 	(100),t 	"'1'(1UU),UFT(10Q,2UU),NN'T 	(1.UU) 

32900 2T'VAL uE 1.100) 

33000 COMMON 	1N?U` f UU`1` r t - T,I :NTrUCN`J',NFT,FG/AHEA2/'1VALUC,i/AKEA3/e)F'T,NF". 

33100 NUDE1=Zltt'UTt J. r 1) 

33200 00 	14U 0=2 r ICNT(I) 

33300 NUDE2-1NM0'T(1,J) 
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33400 	 '(NDUE1.(J.0)GU TI) 20 

33500 	PU 19 K1,tffIi.J(NUUE1) 

33600 	UT(K)T(NOU,tc) 

33100 10 	CUNTINUE  

33800 	UNFTFTJUWD11) 

33900 20 	PU 40 	1,fJ(NOL)1) 

34000  DI) 30 Y1,UN'T 

34100  1T(f1JV2,L),U.UFTchflGu TO 4u 

34260 30  CUNT1N()b 

34300  tJNFTUN+1 

34400  UT(UPT)rT(N0D2,L) 

34500 4u  cuNTINU; 

34t00  NUDEI=Q 

34700 140  CONTINUE  

34800  NFT(OUTU,1))UNFT 

34900  DI) 150  1,iFT[UUX(I,1)) 

35000  F'T (UUT(.I,1),K)UFT() 

35100 150  CONTINUE 

3b200  ETURW 

35300  END 

35400 

35500 C  FUJUTINE FOR INTER5ECTION OF FAULT L13 

35€u0 

35,700  UBRUUTJNt jNk 

35800 	 IMPLICIT TE(Ek(A*Z) 
35900  DMN1UN IUT(100,10),UuT(iv0,10),ICNT(I0Q),0Cf1T(100), 

3b000 

36100  2TVALUE000) 

3b200  CUtMUI' I NPUT, (JUT ,rT,ICNT,uCNT,NT,F/AA2/TvAbuI,A3/T,Nj 

3300  NcJ1k'uT(1,1) 

36400  PU 140  Z,ICJT(i) 

3b500  NUDI?INUT(I,J) 

3600  JN FT= V 

JiNO1E1.f0,0)U TO 10 

1)0 5  1,N'TiJ(,NUDt1) 

1FT(K)UF1 (1UUEi ,Lc) 

CONTINUE;  



DEDUCTIVE SIMULATION 

37100  1NF4ETJ(N01)j) 

37200 10  DO 120 K=1PINFT 

37300  [)U 20 L1,NFTJ(NUPE2) 

37400  It(IFT(t).EO.)FT(NUUE2,L))GU TO 110 

37500 20  CONTINUE 

37600 	GO TO 120 

37700 110 QNFT=JNFTtl 

37800 IFTçJrdFT)LJFT  NuLTh2,L) 

37900 120 CONTINUE 

38000 INFTJNtT 

38100 NUDE10 

38200 1 40 CONTINUE 

38300 NL'T(OUTU,1))INFT 

38400 Ut.  150  11,T(UJJT(i,1)) 

38500 ?'T(OUr(J.,l),K)=jFT(K)  3 

38600 1t0 COPT INUE 

38700  RETURN 

38800  END 

38900 

39000 C  ROUTINE FOR CUMPLMENT OF FAULT LIST 

39100 

39200  SUBROUTINE CUMPLE 

39300  IMPLICIT INT 

39400  DIMENIUN INPUT(100, 10) ,00T(100,1U) ,Fi(1UU,200) ,ILNT(100), 

39500 	1oCNTLiU0,NT10o),F1oo.TvUEo).C'r1oo,2uo, 
39600 CFT(100) 	JrT(10Q,20Q) ,NtTJ(iUU) 

39700 CUMMON 

39800 1NFTJIAEEA4/CIT, NC/A  A/NUE 

39900 T0 

40000 LW  28  Li,iCNT(I) 

40100 DC1NkUTti ,) .GT.r)T=iNk'l)TU,i) 

40200 282 CUNTINUK  

40300 VU 5 K=I,*T 

40400 cT(NuE,K)1c 

40500 5 CONTINUE 

40600 

407o0 LW 	.10 	L1,NFi(NLTh) 



AE; 	1 
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40800 	 DO 20 K1,NCFT(N0t 

40900 	 To 10 

41000 	 GU TU 20 

41100 10 	 (NPE ),= NCP  

41200 	 DO 15 MS,NCF°r (NOE) 

41300 	CrTtNU,M)CFT(N O,M+1) 

41400 1 	CuNTINW 

415Q0 	GO TO 30 

41600 20 	CUNTINUk 

41700 30 	c0NTINoL; 

41800 	R ETURN 

41900 	END 

42000  

42100 C 	ROUTINE 	 MP0 

42200 

42300 SUBROUTINE CUMPO 

42400 IMPLI C IT 	ERA-) 

42500 O1MNSTUN 	IUT(iQQ,10),UU1V0,1U),F100,2QQ),JCNT(lQU), 

42600 

42700 2NCFTL100) ,T(100,200) ,NkT)t 100) 

4:2F300 COMMON 	J.,NtWT,UUT,1T, 

42900 INFTJ/AKEA4/Ct'T,NCP'X /ARLA ~3 /N!)L  

43000 DO 	20 	Kl,iCNT(I) 

43100 NUEIPPUT(i,Y) 

43200 I(TVA1U'tPUT(1,K)),1u.u)GO 	TU 	50 

43300 00 5 

43400 

43500 5 CUNTINIJ 

43b00 NTND4NrT(N0) 

43700 GO TO 2-0 

43800 50 	CALL COMPLE  

43900 	 PU 15 A1,NCT(NL)) 

44000 	 T(NVE,A)CT(N0,A) 

44100 15 	CUNTINUk;  

44200 	 NrTJ(ND)ZNC'T(NW) 

44300 20 	CONTINUE  

44400 	RETURN  
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44500 	END 

44600  

44700 C  i1JUTINE CUMPI. 

44800  

44900 SUBkWuT.LN  CU1P1 

4f'00 IMPLiCiT  TR(AZ) 

45100 LiMN?IUN  INPU  1U0,1Q)UUTU00,t0),F'X(10u,2QQ),i CNX(IOU), 

45200 1UCNT(1Q0),NT(i00),FG(10U),TvAbUJ(iQu),CT(1Q0,2Q0), 

4300 2NCFT(iU0) ,WT(10Q,20Q) ,iT(i00) 

45400 CUMMO 

455()0 1N/ARA4/CFT,NC/ARAb/NVf 

45600 DU 20 K1,ICNT(1) 

45700 NOEINPUTU,$) 

45800 10 50 

45900 00  5  A,NFJ(iD) 

4b000 'T(NUE,A)FT(NVE,A) 

4bi 00 5 CU NT1N1Jk. 

46200 MI'TNDrT'NuE 

4b300 GO Ti) 2 U 

46400 50 CALL C0IPL 

46500 IQ VU  15  ACtT(I) 

46600 

46700 15 CUNTIIU 

46800 

46900 20 CUN1IiU 

47000 ktTUHN 

47104) 1N1) 
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CRITICAl- PATH 

(2(JF: MODELUNG 

o 14 3i0  

-)Au 37 RID123,*),tOCO 

t!Jt 56 I4AT(5011) 

7 011  143  jj,jOCO 

8)0 
Ofl  142  1=1,50 

DO  141  G1,10 

II(Cc1PE(J,nIE0.1NDrX(G))rQ  TO  1,38  

111 GO TO 141 

:12: 138 C11NOE3(11,I)61 

Dr,  139  A=11to 

.IV(Cur)ES(J,I+t).  EQ. INDEX (A))CONDES(J,I)=CONDES(d,I)10+(A..1) 

)15 39 (OTI(1F 

,:16 111 141 

J17;) 142 CONTINUE' 

i8,R 1 43 CONTUF 

1)0  1200  =1,NOCo 

D1 

i210 10 

-_ 

JJ+1 

I24jC £F(C(1lDEI,J).N1, '/flGO  TO  1010 

COMC(1N(I,D,N)CfWES(1,J) 

2 61  0=0*1 

t)27 Ir(D.co,4)c;n 	TI)  1200 

28 PIT 

29) W) TO 1100 

3Y3 'A^1) CflNCiN(I,U,N);CflJDES(1,J) 

I-N+1 

(I) TO hOc 

t33.  12O  CONTI!IJE 

00 190) tt,NtJCc1 

C35UL1  1C0Ii(1)0 

"36o  PU 1800 0=2,3 
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;38  1 -1 N=tj+ [ 

X39 IF(CONCON(I,D,N).En.'X' )GO 	TO 	1400 
.:~► 	, IF 	(COr'3CON(I,D,!I) * BCC. 	C' )rte 	TI) 	1500 
v 	±_J :IF(C0tlCI)N(I,r),N).r0.'Z')~ti 	TO 	1700+ 

IF(CUhC0NN(I,D,N).kQ.'/' )CO 	TO 	1800 
3 4,3 	► GO TO 1300 

".44 _ , 1 4n'.  

1-45, : TCoflCZ)=lcou(I)+1 
u'4►~ . 7. CTr;puT (z, ICON (1)) =coNCON (1, [), t~ ) 

47 	' GO TO 1300 

c.a 	a I '(1?.E0.3)G() 	TO 	1600 
o5c IC:O!q(I) =ICO[d(T) h1 

C.INPUT(I,ICON(1))=COfNCON(1,D,N)±Plzr3CN 
GO TO 1300 

iJ:1 	+i 16Q C(WT(I);=CONCON( 	,1),N)+PRINCN 

GO TO 1300 

c55c 1700 N=raft. 
Cry[lT(I)=CoNNCOr4(I,D,()+F-'kIrlCN+INNTCNT 

,k57 ,j0 CO TO 1300  

10C CONTIUU 
X 59 ..) l vQt, CUTh TI, 	UE 
+6g ut) 19()1 Ni71)Pt111`-PRINC;PN+1NTCr4TIL'ROTC_N 

DO 	300 	I=1, fi ODN1jM 
INOUE(1)=0 

663~n ICONF(S)=0 
OCOME(I)=o 

6~ 	u pry 	295 	K=1,NCGA 

ji;7 •=,} DO 	265 	I,=1,1CNll(K) 

£ 	(I.rwO.I JPUT(K,L!))INOi)ECI)*+K 

.D69 	) 265 CI...)WTI JE 
DO 275 [ 	1,OCN'c(K) 
IF(I.; t),r)I]T(K,1,))OONODE(I)=K 

72:) 275 CUUTINOL' 
., .. 	,.. CONTINUE 

00 	298 	KK=1,rJUC0 



CKIT.LCAJ., 	PA'flI 

/3L1) DO 	297 	LL=.t,ICON(KK) 

tI'(I.EO.CIPiPII 	(KK,,LI,))TC(JNk (I)KK 

(j77 247 Ct) NTIJdt1E 

IF(i.EO.COUT(KK))OCO NNE(I)=KK 

i79t 3 ?.9I3 CONTINUE 

311) C(JNTIAIIIF; 

ail DO 302 I=1 , NODNUM 

J$~UJ JNC(I)=O 

JIB 

 

30 302 CnNT'IHUE 

)H4.,;) on 	350 CCONQ 	,NoCc) 

NPE=CO T(CO L)) 

,3; 6vi NC( 	0 	11C(I DID:)+) 

)87f) COril(NDE:,,NC(NDE))=CQN0 

)(19t) 3j5 I=I+.3, 

off' 	Z10 UK(I)=0N1JDE(NDE) 

'.1714] 4.11.F(HK(I) )0 

j92,~•, 37 

NDFINPUT(1IK(I),,'J(HK(I))) 

95 `it CONF(NDE,AiC(NI) :) )°CON0  

DO 	330 	L=i,ICON(CrJidll) 

IFcr'iP)E,. NE.c:INpu)T(CI)No,L) )C;a 	TO 	330 
GO TO 	34 

331, CONTINUE 

GO TO 	33.5 

it. 1 >> 335  

1:2' 3JJ I 	(JU(tIK(I)),IJ 'r.1('N 	(14 K(uflVn TO 	320 

L,31 3115 IF'(T.GT. 	)GU TO 	335 

1 a4 .: ) 350 CONTINUE 

i i5; CAL; 	['F,SIMU 

1 	i~vO STOP 

j)75. 

1  775 

j)7Z7 

1, 7141 

3 
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CRITICAL PATH 

I ;8L2 CZ __ z 

I  tIPROUTIWE E'F$IMIJ 

flIPLICIT INTEGER(A-Z) 

IMNIO?1 TYPE( 1OC),1NPIJT(1OO,1o),vFL(iOo),  OUT( jOO,1Q) 

1, TVALJUE( 100) ,X(  10) , AFT(25, 100) , NAFT( 25) , P1'T (25, .100) 

2,NPFT(2$),4FT(25),FT(25,100),FG(100),CINPUT(25,25),CutyI'(25) 

I17.  3,IcO(25),IWuDE(I0o),r)NOPE(100),IcT(1o0),FC(20o) 

4,rc(i00),tCT(0o),STNPT(t0o),JCr.NF:(i0Q),OCONE(1O0),COflE(io0,j 

U9 i  5,CRIT(100),PRt)P(14)O),1XTfl(25),sTEMCK(25) 

12o  CflMUN INPUT, WiT, CIZiPUT, COUT, iCON, IIODE, ONODE, 

12U u  1ICOtE,000t4E, ICNT,OCNT,TYPE/AEA1/PRI1Cr1, ,LNTCNT,PRLJTCN 

122t;'.  2,NO[)Illllt",tl()Cll,'t4OGA/ARr,,tk2/TVALIJE,-X/AREA3/LEVEL o STINPT,EXTu t STEMCK 

123J  3,CRIT,PROP,NSTMCK,NDE,FTYNOD/AREA4/FT,FG,NFT 

iEAD(21,),XJJ1 

12 

i 27  

vHITE(22,80) 

R  FORMAT(51, 'RE 1JLT6 FOR CRITICAL TRACING'/5X,  

12q,)  iTE(2,90) 

FORMAr(5X,'TESTS SIMTbATED! /5X, 

13ICt  DO 110 31,XIN 

RITKc22,i0o),s,(x(s,3),Ji,PRIc:N) 

I33r 1fl  r0R?AT(5X,'T',I2,'  

i34  110  CflNTIrJU 

135t; t,  wHiTt(22,98) 

1360 9C  FOPMAT(//5X, 'FAULT DETECTION INFORMATION' /5X, 

137.") 

1 Jc  POTPRINCPJ+INTCNT 

139  CALL TIMEP(TIOE1) 

1C  DO IGOQ Yl,XIN 

11'n  D( 254 K1,UUDNuN 

142  5TTNrT(K)0 

13Y 254  CNTJUUF; 

IY.t'  DI) 2130 J1,PINCN 

tVEL(J)1 

TVAi1UI(J)X(Y,J) 
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iv (Tvt,Ir1F.(J) * F;t ~ i) 	C7 	To 	260 

C J) 	2 	 J' 1 

('30 	TO 	280 

260  

1511 280 ClIrsTYNLE 

152.- 1=1 

153"1 3?!3 GO 	TO 	(37.x?,312,314,316,318,320,322,324),TYP 	(.) 

154''+, 310 CALL, 	DAN1? 

1550 c GO To 340 

156.o 39.2 CALL DOR 

1~,7LU GO TO 340 

15 	1.1 314 CALL 	Dt At D 
1590) GO TO 340 

16 x,0 316 CALL DNOR 

61i';) Gtl 	TO 	341J 

162 319 CALL DXOR 

163r 

 

GO TO 340 

164 32' CAJ,L OXhOR 

I65 	1 (in 	TO) 	340 

16.ou 322 CALL ON OT 

167 rig G(1 TO 	340 

1681 v 324 CALI. 	CCiNT 

169.,E 3'e T=T-ri 

17 , 	_tw J 	(I.I E.NCGA)GO TO 	300 

17 CALL TRACE 

172,'o 4f?ITI(22,499),Y 

173.'i 449 FORMAT(/5X,' F'AIIl,T, 	DETECTED 	FUR 	T' ,12/IX,'  

17~kr~a DI) 550 P =1,PROTCt4 
I7Egr; 1F(Y,C,►'.1)(tl 	TO 	38 
177.,k) DII 	488 	II i,iIFT(P) 

PFT(P,H)=FT(P,H) 

i79r. FC(I4)=F'T(P,1-1) 

18U 	4148 	COWTIN(JE 

NPF T(P)=NFT(P) 

132L 	 GO TO 288 

1'3' 3R8 	NAFT(P)=0 
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t34' H) Oft 358 	GG=1,wFT(P) 

1135 1.f~ 00 	348 	H11-1,NPFTr(P) 
18,6 o Iv( 	Fr(P,H 	).t (a.FT(P,C;c,) )(fl 	TO 	358 
187 ,'C' 348 CO11TIN'llE 

188„J I AF T (P)=+IAFT(P)+1 

i89 1'i AF9 (P,NAFR,'(P))=FT(P,GG) 

19, 	( 35A C lt1TINUE 

~l~1et 1F04AF't'(F').FC~„C_?)C~C1 	TU 	'121 

1)0 	689 	E-1,rAFT(P) 

193,E PFT(P,11PFT(P)+E) 	AFT(P,E) 

j94a 699 CONTINUE 

95 P[PFT(P)=+NP.k^T(P)#CiAFT(P) 

196 ,;0 4RI'r 	(22,699),P,(AFT(P,C),C--1,NAF',I'(1')) 
197;;;; 6 FORNAT(5X,'ADDITIONAh, FAULTS DETECTED AT Z',12,' 	ARE =' 

GO TO 55G 

2t. 721 i+N1TF(22,722),P 

6i:1 	w 

 

GO TO 550 

r' 2 , 	r; 722 ,Jftr'Il,T(Sx,'i•]t) 	ADDITIONAL 	FAUIjTs 	nffsc'TE.t? 	AT 	Z',I2) 
2.,3JO 288 4R1TTE (22, 5OO),P, (FT(P,C),C=1,NrT(P) ) 

214o 510 FnRtAT(ax,'FAt)i,T 	,1t..~.:S 	DETECTED) 	AT 	Z",12, 	ARE 	»',2511.3,'/')) 
2U5 a-i 550 CG1Pi`1'hJIaE 

).3 0E CnNTIriUE 
2'i7 )C CALL TIMFR(TIME2) 
26l'41, 't"IME=TIME:2"TTP!E . 

2:9v" VINITE(22,914),XIN,TIME 

914 PIRNAT (5X, ' T1ME TAKEN 	TO 	SIMULATE, 	' , I2, ' 	TESTS 	=' ,1 `,. ' 	M5' /bx, ► 

212 HET1J N 

214  

?15 	,o,t C 	4'* ROUTINE TO 	5I11t.[LATE ANID GATE 

21  C 

717 s[' 	ROUTINE, RAND 

218 ~@ TMpr.ICIT INThGER(A' Z) 

21Q., fj [UNI 	N,SIi1r 	TYPF(ioo),IMP[JT(10Q,10),LEvEL(1Oo),OuT(10o,1U) 

22r 'l7, 1,TVA[:,1)[ (100) 
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221)0 
 

2,NFT(2 5),I T(25,10O),F'C(200),CIN}'IJT(25,25),COU'J'(25) 

222 i1 
	

3, ICON (25),IWOD (100),ONODE(100),ICNT(100) 

22 3.. 
	

4, NC (100) , OCNNT (100) , ,STINPT (1 UU) , ICONS' (100) .CONE (100) , CONE (1 OQ,1 

22 it) 
	

5, CRIT (I OO) ,PROP (100) , EXTLU (25) , STEMCK (25 ) 

225 )e 
	

COMMON INPUT, (.)UT, CINPUT, C:OIItT r ICON, I. NODE, ONODE, 

22 A 0 
	

1ICONS,IJCONE,ICNT,UCNT, TYPE/AREA I/PRINCN,INTCNT,PRUTCN 

227,0 
	2, r.IioRNUWI, Ewnrt), NOGA/A A2ITVA[,tIR, x/AREAS/LEVr b, STINPT, EXTD, STF MCK 

2211;;x0 
	

3, CRIT, PROP, N TMCK, NDE, H TYNUD/Ak'EA4/F'1', F'G, Mr T 

220 >c 
	

DO 10 -J=1,1CNT(?) 

23 V 
	

II' (PiTXLEV,ITT.JEVEIe( INPUT (1,J)))i1AXLEV1JhVEL( INPUT (1,J)) 

23s 1G 
	 svcTVAr.iuEcIuPu"f(x,~1) ).:UU.1)GO TO 10 

2 3 2 f) OO 
	

K  

2.333 
	

N-N+1 

234u 1U 
	

CCJNTINit[ 

235,jti 
	 IFF(N.EQ.0)GfI TO 110 

23611 
	

Ih(N„CT,1)GU 2'(J 105 

237 
	

ST1;IPT (IIIPIJT (I, K) ):j 

2311)( 1'._i5 
	

TVAi2 11E (C)ll'T C I, 1) ) =0 

239j. 	 F'C(t7UUT(1,1))=2*fUT(I,1) 
C1 rrfl 130 

2t7) 110 
	

TVALJJE(O►iT(I, 2))=1 

242i0 	Ft (UUT(I,1))=2*011T(I,1)1 

243 7,:: 	Dtl 120 J= ? , ICRT (I ) 
s5TINPT'(INPt1T(I,j) )~1 

245.,. 120 	CONTINIII: 
216:0 130 	LEVEL(0UT(I,I))=MAXJ.4EV+l 

RETURN 

218Z) 	EUi) 

25'! 11 C xc# 	ROUTINE TO SIMtItA ATE NAND GATT 
251  

252u( 	 SUBROUTINE DNi ND 

25J,0 	 IMPLICIT IUTECER(A-Z) 

254. 	 DIM1 NS,Ir)N TYPE(1oo),INPUT(100,10),I)CVEL(1O0),0tT(100,10) 

259, 1^ 	 1,TVAOUEi too) 

256'.aO 	 2,NF'T(25),FT(25,100),F(G(109),CIN}'IJT(25,25),CCIJT(25) 

257.)3 	 3, iCO€i(25),INOJ)E(100),ONOI)E (100),ICNT(1Q0) 
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4, SIC (100) , OCNT (100) , STINPT (IOQ) , IC-ONE (1 00) , OCONE (100) ,CONE (100, 1 C!. 

S,CRI`1'(10 ),PROP(100 0),EXTL)(25),STFMCK(25) 

COMMON 1td►P11T, 011n', CI JPUT, CUUT, ICON, INOUE, UNODE 

261 of 	 II(,ON ,OCO1dE,SCt-IT,UCNT,TYPE/A►REA1/PRINCJN,'rNTCNT,PRIDTCN 

202"v 	 2,;4OI).t1M,`lC1f.'.tl,NUGA/AEEA2/T VALUE, I/ARE 3/LEVEL, STINPT,EXTO,STEMCK 

2ti 3 )1 , 	 3, GRIT, PUOP, Nt TMCK, NC)E, VTY NOO/AREA4/ET, FG, NFT 

264t<,~  

265' t 	 b+AXLEV= O 

2&6 	 DII I O J-i, ICNT (I ) 

"? 7i►{, 	 IF(NAXIEV.LT.I,F,VEI.,(Tt4P'JT(I,J)))MAXLEV=f,EVEL (INPUT (1,J)) 

266 -iii 	 tF(TVAC4I►E:(IIIPUT(I,J)).E(.1)GO TO 10 

2b9'vi# 	 K=J 

27Uo0 	 z4 N+1 

271+:9 10 	CONTINUE 

272 i)0 	1F(N,EQ.0)GO TO 110 

273 	 IF(N.(;T.I.)CC) TO 105 

274C 	 'rlNPT(I11PUT(I,K)) l 

275,,f.• 111'5 	TVALUE(OI►`C(1, 1.) )-1 

G(OUT(I1 j ))=^4*.fJU!f(1, 1 

277j) 	GO TO 130 
27fs.)O 1.10 	T'VA1,UE(QUT(:I., 1))=0 

274.~t:  

Oft 12o ,1 	,1CNT (I ) 

281)e, 	 STINPT(INPUT(I,J))t 

232^'n t2C 	CONTINUE 

283 ( 13) 	LEVi1(011:►'((1, 1))=MAXLEV+t. 

284jt 	 PETURN 

2Ye 	 END 

206 C  
267 — C 	Rtt11TIOE TO SIMULATE OR (SATE 

1269 W ~+ 	 SU1RRO11TI E DOR 

29 	 10PL,ICIT INTE(E1(A" 7) 

291.0 	 C'TM;NSION TYPE(100),INJPUTC1OO,1O),I,EV1LC1OO),OIJT(1O0,1O) 

292 i 	 i . TYA1jlJr, (1 Ot) ) 

2')3J 	 2,NF'T(25),T(25,1U0),FG(100),CINPU T(25,25),COUT(25) 

294' 	 3,1COt (25),INIJJaE(IOO),c)i4ODF'(100),XCNT(100) 



3 l 6 IC 

3v7v0 
3''-88V 10 
3)9 : 3  
310'3 

311c0 

3120 105 

3131 !:j 

314k)0 

31520 110 

PACE: 	9 
CRITICAr PATH 

295~~~ 	.,NC(100),(1CNT(100),sTINPT(1oo),ICoNE(7oo),C)CONE (100),C(:)NF(100, 
291 "'v 	5, CRI T (100) , PROP( 100) , EXT0 (25) , STEMCK (25 ) 

297„O 
	CUMmMl IUPUT,OUT, C_1NPUT, COUT, ICON, I DUDE, 0NU!'•[ , 

1YC;ONF:,fCUPa,ICNT,OCNT,TfPE/AR(cAi/PR).NCra,INTCfil',PRO`rCN 

299 JO 
	2,t4OD[~UUM,rIOCO,N[)GA/AREA2/TVAbtJE,I/ARE'A3/i EVE1 ,STIl PT',EXTO,STFMCi 

3! ': +► 
	3, CRIT,PROP, NSTMCK, NDE, FTYt4OD/ AREA4/FT, FG, NF'T 

3')1+,C 
	~+=U 

3 a2r e 
	

MAX LCV=0 

3 3.0 	DI) 10 J=1,TCNT(I) 

3 4k 4 ..~ 0 
	

1F(MAXLEV,J,~'.t, EVE'L(TMPUT(I,J)) )MAXLEV=LEVEL(1N'UT(1 r0) 

3u5 3 
	

IF(TVALUC(1NPUT(I,~J)),t;O.0)G0 TO 10 

K=J 

N^N+1 

C(NT-TINME 

lF (N.E,QR0)C0 TO 110 

TP(N,GT.1)(Ci TO 105 

ST1r rT(1NPtJTC1,K)) =1 

TVAL(Uj (C{JT(1,1))=1 
F(;(OUT(I,1))=2*O[.)T(t,1)^1 

GD TO 1)() 

TVALtJE(OtUT(I, l.))=0 
3,6, 	F( (OUT(1,1))=2*OUT(I,1) 

317)0 	DO 12(0 J-1,1C~,T(1) 

318,.,2: 	STIWPT(INFt1'T'(1,j))-1 
319'jrt 120 	CONTIUUE; 

32R1t,0 130 	T,Ftr ;L(C)ta' (1,11)=PtAXLEV+1 

321 jr 	 RETURN 

323' 4!  

324 f C m 	ROUTINE TO SlllUraATE NOR GAT: 
----------------------------------------------------------------- 

326.1 	 SU ROUTINE I?NOR 

327 ;u 	 1 PLICIT INTFGF:R(A-Z) 

32B3 	 DIMENSION TY[IE(1O0),iNPtJ'r(i00,1O),TAEV1;r,(100),[DUTC100,10) 

329 ,,t•; 	 1 , T!VA1.,UE (100 ) 

2sME1'(25),FT'25,100),FG(100),CTIYt1(25,25),C0UT(25) 

331:; 	.3 1CO.4(2~+),11401)C;(100 ,0[ 1)1)E(100),IC14T(100) 
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33200 	 ~4,NC(100),Ot" )'7'(100), ,TINP`P(100),l;Ct1~dE~;(100),(3CON ;(100),Ci)NF(iflU,J 

33300 	 5,ccRIT(100),PROp(190),FXTt_O(2S),STf MCK(2S) 

334c 	 CO? MON I IPLiT,OtJT,CSNPUT,COUT,ICON,INODE,ONDDE, 

335jO 	 1 ICON , , UCl1NG,1.CP!T, tUCNT, TYPE/AREA 1/PRX? CN, INTCNT, PROTCN 

336x(1 	 2,NOP IlJM,NCC(I,NOGA/ARFA2/TVAl.,t)E,i/ARFA3/LEVEla,STINPT',E.XT'DD,STEMC? 

33700 	 3, CRIT,PROF, NST'MCK, NDE,FTYNGD/ARLA4/FT, FG, NNFT 

33840 	N=,9 

3390 	 9AXLEV=0 

34tC0 	 DO 10 ,1=1,lCNT(I) 

34100 	IF(MAXL:V.I,'.0-MLCIMPUT(I,J)?)MAXTjEV= EVt;b(I Pt T(I t J)) 

342 	 TO 10 

343 iO 	K-mot 

344Z0 	N=fit t 

:3A5ti0 3 u 	CONTINUE 
346n 	IF(N.FtQ.0)(~(7 TO 110 

3i7, C) 	IF(N,(T.1) yti TO 105 

348.1. 	STINPT(IrlP'UT(1,K))1 

390 It;-a 	'1:VALtlis ( MJT(1,1)) 0 
35&..0 	PG(0(tT(I,1))~»2 UI t(T,1) 
3510 	 (;0 TO 130 

3520 	110 	'PVA1j(1f:f.CJII`t'C;(, I))=l 

3531 	Fc:(ntJT(I,1?)=2*t?uT(1,1) 1 

354Cc 	 IO 120 Jz=1,1CNT(I) 

355r 	i'!'iP"a'(Ir1'I!T(1. ))1 

356::1+ 120 	CHNT1!;i1F 

3571st; 130 	11E VC1,(II11T(I,'1) ):=MAXr Ey+►+1. 
35 Iv 	 RETURN 

359 11 	 F.ND 

36itiU 	 SUBROUTINE I)NUT 

362tr0r  

3(30O 	 TMIpLICXT INTEGER (A=-Z) 

36400 	 DIMENSION TYPE(100),INPt.►T(100,10),LEVE1,(100),O UT(1,00,10) 

365CC 	 1,TVAL IIE(100) 

366.0 	2,N'T(25),FT(25,1{O0),FC(1O0),CIt,iPPUT(25,25),COUT(25) 

367G0 	 3,ICOtt(25),INCOC)G(1U0) r01,10DE(100),ICNT(1Q0) 

368O( 	 4,NC() ()),t7CN'(100),STlN'T(1{lq),1CfJNE(#Q(►),(7Ct7PJE(l0(?),Ct1NF(if?4,1 



PAC, E:  10 
CRITICAL PATH 

33211)0  4,Nc(10),ocNT(1o0),sTINpT(1oo),xcnuE(too),ocaN(IoQ),coN(ioo, 

333r  5,CiIi(100),PRDP(190),FXTf)(25),STiMCK(25) 

331 jt,  CWIMON INPUT,OtJT,CINPUT, COUT, ICOU, INODE,ONOUE, 

335,c.  !jCQNE,OCIiNE,ICNT,UCNT,TYPE/AREi1/PRp3CN,INTCNT,PUTCN 

330,.,0  2,NQDNUM,NOCfl,NoGA/AREA2/TVAL,UE,I/AREA3/LEVEL,ST1NPT,EXTD,STEMC 

337)0  3,CRIT,P1Ur,N&t'MCK,NOE,FT?Ni)0/AREA4/FT,FG,FT 

33 3 

339,0 
 

MP XL E V CO 

34 
 

DO 10 t71,1CNT(I) 

341 
 

IF PIAXLEV. LT. 1VEL (INPUT (I , J ) ) ) MAXrAF:VCLFVEr, C IlPUT (i, i ) ) 

347, 
 

IFCTVAt.U(INPtT(I,J) ) •Ec,o)(;i3 TO 10 

343 0 
 

KJ 

3 ' 4CC 
 

N = N 41 

3'k5if 1) 
 

CO l TI U U E 

3 46 ' 
 

IF(N.EO.0)(f) TO 110 

31 7,j 0 
 

iF(N,CT,1)G(1 TO 105 

.3 8 
 

STINPT(IrIPDT(I,K) )Ct 

390 15 
 

rvLIJE(ouy (1,1)) CO 

Vc(OUTCI,1J)C2uuT(I,l) 

35IG3 
	

(;i1 TO 130 

352'C' AU 
 

TVJj(cJuT(j,1) )Cj 

F((flhJT(I, I )2O1fT(I,i)-i 

cc 
 

M) 120 Jt,ICNT(I) 

355' 
 

STINPT(INPUT(1,J) )1 

356  12') 
 

C(irTI NilE 

357, 13') 
 

L,E'TCL (OUT (i , 1)) CMA)(LEV41 

3 S (i 
 

RETURN 

359 u  END 

SUBROUTINE DNOT 

3621 4, 

363J  T.iP1ICXT .(tiTECER(A-Z) 

364 it) 	 i)IMENSIOfl TYPR(100),XNPUT(100,1O),LEVEL(100),00T(100,10) 

I, TVAhUE( 100) 

2,rffT(25),FT(25,100),FG(100),CI1iPUT(25,25),CQUT(25) 

3,ICUN(25),INODE(1)0),OU(JDE(1o0),icwT(1oO) 

368(  4,NC(10O),flCNT(1O0),T1PT(1t.)0),LCONE(1OO),OCONE(i00),CUNE(1O0,i 



PAGE:  11 
CRITJCAI PATH 

369)  5,CPIT(i9O),PROp(i00),1XT1)(25),STEMCK(25) 

Cflh11OR IiPIJT,flUT, CINPUT, COUT, ICON, INODE,ONODE, 

37 1 0J 	 tICflNE,flCChE, 1CUT, OCNT, 	P€/ARiAi/PRItCl, INTCIJT, PROTCrr 

372Y 	2, N(JflWM, NOCfl ,t4OGJ\/AREA2/TVALLj, I/ARA3/IEVi , ST1rJPT, EXTD , STEMCF 

373j2 	 3, CHIT, PROP, NSt'MCK, NDE , 'TYNOD/ARFA4/FT, VG, NFT 

374.  E\1J.4((11JTCI, 1))IIEVEJ(1NP1JT(., 1) )' 1. 

Ir(TvAr4u(INpUT(I, i)).EQ.0)G() TO 20 

376 J.k 	 TVAIW(OUT (1,1)) O 

377j  F((aJT(I,i))2*0u(I,j) 

378  (;fl TO 30 

79 20 

381O  F'G401JT(I,1))2*0IJT(I,1)i-1 

301C 3J 	TLNPT(INP1JT(I,1))i 

32) 	 RETuRN 

304 

URROUTINE OX(JR 

386v L,  

387) 	 IMPLICIT INTEGER(AZ) 

3H8  DIMENSION TYP(&cfr) ,IJPtJTCifl0, 10) LEVEL( 100) ,00T(100, 0) 

389O  1 ,TVALUE(100) 

39C 00  2,NIT(25) FT( 25,1oo),rr(1ou)cINpuT(25,25),couT(25) 

3911)  3, ICON (25),INODE(100),cjJ ODE; (100),LCNT(100) 

392:O 

393u')  5,CRIT(100),PROP(100),EXTi)(25),TEMCK(25) 

COMMON II'4PIIT,OUT,C.INPUT, COUT, iCON, INODE,ONODE, 

39h ;o  1ICUNE,OCOJE,ICN'T,OCWi,T)PE/AREA1fpRINCH,iNTC4T,pRUTcrJ 

396 C 	 2, NOMM, NUCO, 	1IAREA2 /TVALIJE, I/ARIA3/LE VEL, STINPT, EXT!), STEMCK 

397 ) 	 3, CRIT , PROP, NSTMC, NDF ,FTYOD/MA4/FT , FG NFT 

39R)) 

399u 

4:u  P1) 20 Nz1,JCNTI) 

4u1,iO 

ST1riPT(INPflT(J,K))1 

% 3 	 IF(TVA1W(NDE) .tQ.0 )NN~1 

4 4 j 2 o  CONTINUE 

4v5 , 	 IF( (N.Eo,r)).OR. 	.L2))TVALuEmTj , 



PAGE: 12 
CRITICAL, PATH 

4 	 Q 	 IF(t .E:Q.I) TVAILUr (OUT(7,1) )=1 

4L7 .; 	 ?F('C'tlACr[;t<((.I l!'l.(I,1)).UU.1)(;() TO 50 

4L8 	 Vc ( 1I A'( , ) )2*0Ur1 t i , 1 ) 

9r^ 4 i 9 0 	(' ti TO 6 0 

FCi(flUr(I,1))~2*f(1T(I,1)-1 

411'J( 6v 	fiE:Vt LL(01JT(I, U)-,iiXLEV+1 

4t 2 0 	 RETURN 

413)t) 	 Ertel 

414 Th  

415 	 SllBR(it1TT ,sr: DXNOR 
416 )(;  

417Q IMPLICIT INTEGER(A-Z) 

418D0 OIr4ENSIc)N 	TYPE(loo),IUPUUTCtOO,1f3),LE°VET,(100),OUT(100,10) 

419ufl 1,TVAI,UE(1Oo),XC1o24,.1o),Ai,T(25,1Oo),NAvT(25),PVT(2`i,10o) 

42u` ;1 2,NFTt25),FTC25, 100),FG(IUO),CINPUT(25,25),CQiJ'T(25) 

421L 3, [CC)t(25),INi)fl 	(i)C?) ,i7(I(.)C.Ea(I0U).)C:N'.r,(1Q0) 

422!,,) 4,NC(1Oo),()C,NT(:J0( ,'rINPT( ,00),IC0NE(1C}U),000rNC(1AO},C1-1NCt)a0,10. 

422.3,01) 5,GRITC100),PR0P(loo),EX'T.TI(25),s'r 	MCKC25) 

424uo COMMON 311Pt!T, OUT, CINPUT, COOT, NUN,INODE,ONODE, 

425"1,3 IICCINE,nCoNE,ICoT,OCNT,TYpE/AREA1/PRINC 	,INTCi4T,PRoTCNN 

2, VODNiUM, Pai7CU, NOC A/AREA2/'1' VALUE, I/AREA3/1.,E:VEL, S i'I 1NPT, EXTD, STEMCK 

427j.) 3, GRIT, PROP, aN 	T'~1C;K, vDE, F TYN(JD/AREA4/F'T, Y G, ~jr'T 

429L +Ml XLFV.^.( 

430),;, 0(1 	2U 	K:.t,ICNT'(T) 

431u3 IV( MAX1.-} V„IRT.EjEVCISC INPUT (1,1,)))MAXtr :V=ILFVEL(INPUT(I, K)) 

432'1) IF(TVAWJE(="IDF).EQ.))N N+1 

13.3.+1 5T1NPT(TN('1i`(i,K))-1 

43410 	2 (' (;(iNTINt1E 

5Jlt 	 11 ((N. (.(}.oR,(M.EQ 2))TVAI.,t.IE(0UT(I,1)) 1 

~43Fa t1 	 IF(N.CCI.t)T'VA1,1IE(OUT(I,1))=0 

4370 	 :fF't 'VALl1F'(f7(t' (t, 1 }) • .1);O TO 50 

43Jt.) 	 '((1)U`i't1,1)}2 [ltJT(I,1) 

439.3 	GO TO f0 

44t'' JO 5O 	FG(0UT(I,1))-2*UUT(I,1)-1 

4'41 ),1 6r 	LFVi),((.)UT(I,1) )= 0AXLEV*1 

4.12 'a 	 RETURW 



CRITICAL PATH 
	 PACE: 13 

443O) 	Eric) 

445 	C * 	HOUTTUJE TO SIMIJI,ATE CONTINUITY RJOC,Y, 

44bt►)  

447C,)4 ,31IT3ROUTiNr, 	COST 

448v,3 t 	PJ,ICIT INTEC R(A"Z) 

449.13 DIMENSION 	TYPE(100),INPUT(100,10),b,EVEL(t00),OU'T(100,10) 
4r) 1,`i"VALiJE(i0 	),X(1O24,iQ),t'"tiFT(25,1 	0),!'IA`'(25),pf'T(25,1O0) 

V)Lj3 2,N~ "r(,25),F T(25,1 0),F(;(100) ~CINPI.IT(25,25),COUT(25) 

452F)) 3,ICON(25),IW1JDE(iOr),ONOr r(100),ICNT(1OO) 

L 5 C3 4 ,UC(j)V) ,OC1' (1Ot ), Jx 	 #CT(1O0), ICc3NE(1VV),OCONE(1OQ) ,4Or E:( 100, 1,Q 

4540) 5,C1UT(1O0)4'ROP(100),E.X'TJ)(25)„'TEMtCK(25) 

45500 COMMON 	INPUT, OCJT, C.INNP[)T, COOIT, SCUM. , INOI)E, ONODJE, 

456., a IICOME ,OC lNE,1CNT,OcNT,TYPE/AREAI/PRINcr ,IA'T'C14T,PROTCN 
4`57 	Tu 2, NOM41J 1, NOCO, NoGA/AREA2/1: VALUk), T/AREA3/L EVEI„ 	TINPT, MX'TD, 	TE MCK 
458i 3,Ci'V,PRoP,NsrMCK,,FTYNOD/AR4/Er,P,NFI 
•t 	,if1 3TIiF' (INPUT (I,1))=1, 
469uO IH'( 	'VAi4{{ 	( 	P E'{l `( 	, j) ), 	Ow( )CsO 	To 	So 

4€1'JO DO 	10 	.J=1,OOCNT(I) 

462u0 TVAJ1UE (OUT (a,d))='TVAIJ(.Jk,(INPUT(Z,.1)) 

4663JO 'G(Cl►I',~(l,j))"-2'~[l(JT(:I,J)~^) 

4640 IAi VGri(011T(I,LI))=I~EVEA(SI P 	G1,? ))±1 

45)O 10 C11 TTNUE 

466,.5 Go TO 6() 

J~a7;,D 5'J DO 	20 	,J•-1,OCNTi'(I) 

4(8 , )00 TVA!.tIE (OUT (I,A) -TVAJ3UEC INPUT (I,1)) 

1)jo  

473, r IlEtt; 	(S)t.%`C(I / 4T))=l,iVEI (INPtIT(I / ))) 	1 

t710O 20 CoINTYN'UE 

472 )0 60 RETUR 

47303 END 

474; 

17 5; j 	 3UBROtJTI TE TRACE 

47ft, i  
477u) 	 I1'PLJC..T INTEGER(A-Z) 

47tfl 	 DIM ISI(If EXTI)(25),CRIT(1t0),IJEVE(,(1OO),STEMCK(25),pRop(1O0) 

10ti),NF'T(25).FT(2S,1i)0),STINPT(100) 



PM.7E 	14 
CR!T'ICAI., 	PATH 

CO,M.1o1 	/ARC;It1/PR1r1C13,INTCNT,PHOTC~i 

1 31 ,) 2, iODitli , R3CU, iJOGp /AFtEA3/LEVF h,S'I'Ti`1(''!' r 	XTD, STEMCK 

42 	) 3,CHIT, PHDP, N,STMCK, NDE, E,'TYNCO/AFFEA4/FT, FG, Nh T 
3 , ; PflT,P[ Ii C +lNTCNT 

4,4%.;3 i)fl 	100 	K=1,P4~OTCN 

435 ;) 1Th 	i; 	V =1,NODr'U,M 

ChUT(V) 	O 

4d7') J 8 CO]WTINUE 

480.9 1)0 	3 	1^)., 	#l)C11 

489,0  

49C 1 ) 3 Cf~.fTIfltJE 

491 v~J UlJTPt)'.r=K 

•*99Dt N1)E=(:)(7'rPiJT+P()T 

493`00 IUSTMCK=0 

494,';  

C A I.11! 	lr X. R E 1U) 

=196 iv 5 TF (N;TMC:K.E Q,0)GO TO 	104 

497,.) tlIw;H1 
498) lF(fJS.r" CK.F 	.l)G0 TO 	12  

10 P=2,NS'.v.MCK 

531 ,.3 :tj Ci1F1`r);iJtlE 

5J23 12 NflE STFMCK(HIGH) 

5 J 3 	.3 DO 2 	P=HIGH, NSTMCK 

S5.) 2 CIThTINI)E 

516c) v,S MCK=r1,S ,r~CK-1 

CAt,1. 	CRITIC 

5VIsli JF(CRIT(NDr.).EC.1)CAfT, 	EXTEND 

5. 9;t; 00 	9) 	F=1,+'NU1)I4UM 

NFlIP(F')'l} 

5i1~) 	90 CONTINUE  

512R CO TO 5 

513 :o 	104 DO 	l to AA-1, hOONUM 
514k,) Ifs (CRTT(AA).C;(a.0)t,t7 	TO 	110 
15, NFT(OUTPUT).=NFT(UU1P(JT)+1 
51A.) F'r(OIITPl1Tr,NNFTCO[JTPUT))= 	G(AA) 



CPITICAh PATH 	
PAC[: j 

517C) 11) CflNTILtJF, 

518 	1 

519 	12C 	tTIJRrI 

521 Y 

522 -ii 	 SURROUTINE EXTEOD 

523 JO 

524)1) 	 IMPLICIT II'TEGtR(A-Z) 

l)IMEUSION XTQ(25),CHIT(100),STEi4CK(25),OUT(10O,10),CU1JT(25) 

1,K(50),J(10Q),TytE(100),ICU1(25),ONODE(100),IODE(&00) 

527))  2,STINPT(100),CI'UT(25,25),)CIiT(100) 

52R.) 

529u  4,JC(1U) ,POPioo) ,ICflNE(10J) ,OCUNE(100) ,c:(ioo, 10) 
10 	C1)11O 	Iqp1IT, JUT, CINPUT , cOU', ICOti INOi)L . ONOOE 

531; FXTD,STtMCK 

5)2)0 3, CRIT, PROP, NSThCIç, fiVE,PTYNO!) 

53);C' J=n 

534 j COIIUOCONE (N Di")  

535;) IF(CCWO.EQ.o)U TO SO 

EXTP(C[1NJ)1 

537LU 10 

I)O1Of)E(NDE) 

5 	 'J IF'(K(I).EO,Q)((J 	TO 	40 

54O3 DU 20 	PP1,ICoN(CrjN0) 

54l0 IFCUflt.E.CI'JPi1T (Cum U,PP) )G1) 	TO 	20 

TF(TYPE(X(fl),NE,8)GO 

 

TO  15 

51130 DO 	13 	F1 ,NSTM(K 

54 1, fj TO 15 

55..) 13 COWTIJUE 

546u NSTFICK=NSTMCK+1 

15 Gil TO  40 

549d' 2) CflNTINIJE 

J(K(I))0 

551i 25 

552 riIUINri)t(K(i),J(K(i))) 

553L .tP(STINPr(ri)E).;Q 0 O)1J 	TO 	35 



PAGE:  16 
CRITICAL  PATH 

CiIT(NDE)l 

555 GO TO 10 

3 

557 35 rK(I)).hT,iCNT(K(I)))GO TO  25 

4 Ir(x.(;T.1)c;0  TO  30 

550  So RETuRI 

56  

562 -SHRROUTINE,  PR[1PGJ 

56 3  J C 

IMPLICIT INTEGER(A-Z) 

DI.thN3IC)t4  PROP( 100) ,CINPUT(25,25) ,COUT(25) ,ICON(25) ,()tODa'(i0O) 

1,TYPE(100) ,OCNT(100) ,LFVEL(10O) ,EXTDL.25) ,C0NE(100  10), 

567 2INr,oEc1o),sTJupT(1oo),TvALuI(1oo),TEMcK(25),cpIT(1oo) 

3,ICNT(10o),INP11T(100,10),0iJT(i00,10),IC0NI(100),0CONE(100) 

COMMON  INPUT ,00T ,CINPUT ,COUT ,ICON, INOt)E, ONUDE 

57 1ICnNE,0CorE, ICNT,UCNT,TY  /ANA2fTVAJtJE, 1/ AREA 3/IEVE1 

571 ., 2,STINiT,EXT!),STrMCK ,CRIT, PROP,rSTMCK, NpETYOD/AREA8/CONE,NC 

r)IwnoEcpy1'loL)) 

57Jj IF(STINPT(TN1)fl) ,!IE, 1. )GO  TO  100 

574 DO  102 Gi,ICNT(0) 

57 X($INP'r(irIPUT(D,G) ) .(.i)c0  TO  102 

F'RQP(IuPJJTCD,G)).NC.1)GrJ  TO  102 

517,j fl 	TO 	210 

578 o i2 Cflr4TIr'IUC 

579• CM TO 200 

5C lOC IF((TYPr(D).E0,1).tJr.(TYPE(D),EO,3))G1J  TO  400 

581 IF( (TYPE (D) .EO.2) ,OR. (TYPE(o),rQ,4) )Cf]  TO  600 

4,3i) 582 

 

(TVlkLt1E(FTiOF)) .NE,o)GO  TO  210 

533 - C 00  10  K1,ICF4T(D) 

5D4 RINPUT(D,() 

IF( (TV/\1UE(R) ,nQ) •ArD  (PROP(R) ,EO.1) )CO 	TO 	10 

5S6 IF( ( ,00T. (T1'Ar1IJE(R) •J0.0) ) • Nn. ( .NOT. (PEWPCR) .EQ,1) ) )GD  TO  10 

57 •) GO TO 210 

, 1' CflITINUI 

Th  n 200 

53:  ro 	210 



PAGE; 17 
Ci.'.ITICAI, PATH 

DI) 20 K=1, 1(,'MT(1)) 

INPl. T(D,K) 

!F((`I'VAI,Uf?(R).EO.1).AND.(PROP(R).EQ.1.))GO TO 10  

IF( (.tlf7'i,('CV LU ().f:Q.1)) S GNU,C 1 roT.(PKC3Y(f;),E0.1)))GO TO a.0 

59 ? 	GC; TO 21.0 

59(7-v 20 

97 `:. 2 ifl 

SUBROUTINE CRITIC 

•t~i.~ DIMENSION 	C,',I-'.IT(j)0),ILFVEIa(100),PROP(100),EXTD(25),INPWT(100,10) 

t, .tiS 2,TlOf)E( too) ,CI F,PfIT(25.25).000T(2_5),ICON(2!4),U 	DDE(l00) 

3~(JCNT'(10C),10114(100,10),FRONT(20),ICNT(100),TYPE(i00), 

.t 	.. 	; 4I c(i00a) ,S'1:'1NP1.`(1.r)0),STEMCK(25),1C0ivE(1t1C?),QC'C3Nh;(1(J{"),c:C?(V 	(100,10) 

617 ; Ctlt'i'•1UN 	INPUT, Q UT, C1NPU'T, COOT, ICON, INN DE, C. NQDE„ 

61: 1 0 IICOME;,OCONE,ICNT,OCNT,TYP:/AREA3/LEVEL,STIr4PT,EXTI) f 5T'EMC;K 
• ,CRIT,PROP,NSTi(Ci~ 	ti,E,F'TY,JLID/AREA8/CI)Nr,NC 

615v.0 NFRLJra~r=0 

616,. ,'• PIMP(r,tr)E ►=1 

617: ,? C(,TEZI,'1(JDE (UDE ) 

61H-o Di) 	10 	K=1,UCNT(cGTE) 

519 DO 	8 	Y=1,NC(OtUT(CGTE,K)) 

62i..0 U-Cu 	fE(C!t1T(C;GTE,K),Y) 
C,21, IF(1;XTP(V).CNE.1)GO 	TU 	8 

622 2 ,f• GO 	TO 	c+' 

62 3 •; 	8 rfltarziltr 

624 	t (;0 	,'oJ 	1(s 

625 1_ 	9 NFHO TNFPGN TT.f 1 

62t) FRONT(i•IPROt'j. )= (JIJTCCGTE,K) 

6~7 	f PROP (FRONT(NE~,RLNT))=1 

591 •~ 

5 9 2 .. 

C(iNTINUE 

1) 2t+1 	=1 ,fCUT(I)) 

PRUP(nl1T(1),lc))^i 

Cht,IT1iiLi ; 

GU Ti) 240 

fiil..) 210 	PROP(t)flT(1),1)) =O 

240 	R1- TU1 i 

g 	,t' 	 Fill) 

6 d'  



PA( F. _̂ 	is 
C)?ITICAI, PATH  

r i ct TTU (JF; 

tj2 	.0 15 1.,(J!, i. 

63..3 ZF(ti(Rflh)T.f0.j)CCl 	TO 	22 

63L(! DO 20 (i=2, NFOfiNT 

632._v W INOPF.(FR0NT((a)) 

63 3s X 	N,0DE;(FRCJoTCL,t7W) ) 

IF(LrVE:1,(01)T(t ►j)) 	1-T,rAEV11,a(0UT(X,1)))1,0W=Q 
( 	1 2: C1)F1T'INNt)F, 

22 YT'YP,L1f.)=FF~ur T(T,aw) 

o37 'TY=TN0Dr(FTYt1OD) 
633.,0 [)fl 	3Q 	T>=LC)#,NFRfrlT 
639 	( FRONT(P)=rRopJT(pp+1) 

64(' ;f, 3 ? CONTINUE 

NFRCNT.-N, 	 RUr'T .1 

TF(NF' 	tir1 T.F~C.o)Ga 	TO 	100 
&e:3:;C CALLS PROPCT 

P ( PHOP(0U9'(F'Y,l)).NE.))CO 	TO 	15 

f, 15 	t DO 	40 	F=t,)3C1'(['TY) 

G 	OOiJT(FTY,F) 

8:? 1)0 38 E t,P1C(c) 

Ij 

69 	c lF(EXTD(V).NE,l)('Q TO 3F 
65r 	°: 	, (O TO 34 

Na51. 	' 38 CO!WIlN )ta' 

©52 . w GO TO 40 

55.• DO 37 T 10-FPCThT 

TF(FRutJT(T),EQ.OIJT(kTY,F))GO 	TO 	40 
655Liw 37  CONTINUE 

to 	b' 	 w tik")?C t T=NP'RfNT+- 

657.: XRC)WT(NFRONT): OuTCFTY,F) 
x,58 	U 4 CONTINHE 

65° 	t GO TO 	) 5 

1 	: CAT. L PROM), 

661,. IF(PRCIP(t')i1T(F'TY,1)).CNF;,i)GO 	TO 	120 
662 :1 TF (CRT`1'(["TYII(11)).EQ.i)CRTT(Np(,)=I 
63 _ 12 RETURN 

63 Erin 
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0Olo 

00200 C  FAULT-FREE SIMULATION 

00300 

SUBROUTINE r'FSXMU 

AV50n C  XIN=NO. OF INPUT SETS TO BE SIMULATED 

00600 C  X(I,J)IT}-I INPUT SET'S JTk PRIMARY INPUT 

Oo7on 	 IMPLICIT INTEGER(AZ) 

REAL ,XV,CONE,CZERO,BONE,BZERO,DONE,DZERO,S,TtME,TIME1 ,TIME2 

0(9O')  1,ONECNT,ZERCNT,SENCNT,INTER,1FC,FF,FC,BICONT,ROCOUT,WW,TP,XX 

01000 C  nOUBLE PRECISION TP,XX,INTER,IFC,FC,FF 

011Oo  DIMENSION ICNT(100) ,OCNT(100) ,TYPE(100) ,INPUT(i00,l0) 

01200  1,TVALUE(100),X(1024,10),ONECNT(100),ZERCNT(IOO),SENCNT(100) 

01300  2,UUT(100,10),CUNE(10O),CZERQ(100),bONE(i00),BZERO(100),S(106) 

01400  3,DoNE(100),DZEHO(100),XX(200,25),FF(20o,25),INTER(25),IFC25) 

01501  4,FC(25),WW(i00),TP(100) 

01600  COMMON INPUT,OtJT,ICNT,OCNT,TYPE/AREA1/PRINCN,INTCNT,PROTCN,NOGA 

Q170  1,NUDNUM/AREA2/TVALUE,I/AREA9/OWECNT,ZERCNT,SENCNT/AREA1O/X,TOTA 

01900  READ(21,*),XIN 

02000  READ(21,*) ((X(I,J),J1,PRINCN) ,I:1,XIN) 

02101)  NV1 

02200  POTPRINCN+INTCNT 

03Q0  CALLS TIMER(TIME1) 

024o0  DO 567 f1i,PROTCN 

02500  P21+POT 

02600  BO(B2)1 

027ufl  RZERO(R2)1 

02800 567  CONTINUE 

02900  INITIL1 

03000  YY 

0310' 250  YYYY+1 

03200  DO 1000 YINITIL,XIN+INITIL*i 

03300  00 280 J1,PPINCN 

03400  TVAIUE(J):X(Y,J) 

03500  IF(TVAJUE(J).E0.0)GO TO 279 

03600  ONECNT(J)ONECNT(J)+1 

037o0  CO TO 280 
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03800 279 ZERCNT(J)ZERCNT(U)+1 

03900 280 CONTINUE 

Q4fl I1 

04t00 300 GO 	TO 	(310,312,314,316,318,320,322,324),TYPE(L) 

04200 310 CALL AND 

043o0 CO TO 340 

044u0 312 CALL DR 

04500 GO TO 340 

04600 314 CALL NAND 

04700 GO TO 340 

04800 316 CALL NOR 

04900 GO TO 340 

C500 31R CALL XOR 

A5100 CO TO 340 

152o0 320 CALL XNOR 

05300 GO TO 340 

05400 322 CALL NOT 

05500 GO TO 340 

05600 324 CALL CONT 

05700 340 

IF(I.LE.NOGA)GO TO 300 

05900 1000 CONTINUE 

06000 00 342 R1,NODNUM 

06100 CONE(B)ONECNT()/XIN 

06200 CZERO(B)ZERCNT (R) /XXN 

06300 sB)SENCNT(i3)!XIN 

06400 342 CONTNtJE 

06500 DO 378  Z1,N0G 

06600 PNOGAZ+1 

06700 M1CNT(P) 

06800 CO TO  (367,39,371 ,373,375,375,375,376) ,TYPE(P) 

06900 37 DO 368 	Li,M 

07000 RONE(INPuT(P,L))i3ONE(OUT(p,1))*C0NE(OUT(P,1))/CQNE(INPUT(P,L)) 

071o0 RZERO(INPUT(P,t))BZERO(OUTCP,1.))*(S(INPUTCP,L)).CONE(OUT(P,1))) 

072o 1/CZERO(TNPUT(p,L)) 

0730A 368 CONTINUE  

07400 GO TO 378 



PACE: 	3 
STAFAN 

075u0 369 D« 370 b=1,M 
RZERn(INPUT(P,i,))=BZERO(OtJT(P, 1))#CZERO(OUT(P,1))/CZERC( 

07700 1INPUT(P,L) ) 

A7800 RQNE(INPUT(P,L))=BCNE(CUT(P,1))*( 	(INPU1.'(P,L))-CZERQ(OUT(P,1))) 

079{)0 1/CONE(INP1JT(P,L) ) 

08000 370 CONTINUE 

oeiuo CO TO 378 

082QO 371 DO  372 L=1,M 

08300 BONE(INPUT(P,L))=BZERO(UUT(P,1))'~CZERtO(OUT'(P,1))/CQNE(INPUT(P,L)) 

0844)0 BZERO(INPUT(P,IL))=BONE(OUT(P,1))*(S(INPUT(P,G))-CZERO(OUT(P,1))) 

085v0 1/CZERO(INPUT(P,1)) 

08600 372 CON'j'INU E 

007v0 CO TO 378 

0880( 373 DO 374 L=1,N 

08900 BZERO(INPUT(P,L))=BONE(OUT(P,1))*CONE(OUT(P,1))/CZER0(INPtUT(P,G)) 

09000 PONE(INPUT(P,1,))=BZERO(OIJ'T(P,1))*(S(INPIJT(P,U))-CONE(OtJT(P,1)) ) 

09100 l/CQNE(INPTJT(P,L) ) 

09200 374 CONTINUE 

09309 (0 TO 378 

09Q() 375 DO 	475 L=1,I 

09 500 B ENE(INPi)T(P,M))=BCNE(OUT(P,1") ) 

09600 BZERO(INIPUT(P,MM))=BOrlE(O[UT(P,1)) 

09700 475 CONTINUE 

09800 376 H1CONT:0 

0990') B000NT=0 

10000 DO 377 	O=1,OCNT(P) 

10100 B1CONT=BiCENT+BOME(OUT(P,Q) ) 

102on ROCQNT=B000NT+BZFRO (0UT (P, Q) ) 

103UO 377 CONTINUE 

10400 BONE(INP(JT(P,1))=:B1CtNT/DCNT(P) 

9.0500 BZERO(INPUT(P,1))=B000NT/OCNT(P) 

106(0 378 CONTINUE 
10700 WRITE(22,897) 

10800 897 FURMAT(//5X,'NODE' • 3X,' 	Co 	',3X,' 	Cl 	',3X,' 	81 	',3X,' 	(i0 

10900 1,3X,' 	Dl 	',3X, 	DO 	') 

11000 PO 385 F 1,NOUNUM 

11 10  
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11200 DZERfl(F)BONE(F)CONE(F) 

11300 C WW(2*F)=W(DONE(F),XIN) 

11400 C W(2*F1)W(DZER0(F),XiN) 

1j50 TP(2*F)(1.0DONE(F))XXN 

11600 TP(2*F-1)(1.aj)ZERO(F) )XIN 

117i0 XX(2*F,YY)=1,O_TP(2*F)/WW(2F) 

1180 Xx(2*F-1,yY)1.TPi2*F-1/WW(2F-1) 

119(0 385 CONTINtJ1 

12(00 DO 997 KK=i,NODNUM 

121v0 WRTTE(22,998),KK,CZIRO(KK),CO(KK),3ONE(KN),BZERQ(KK),IoNE(KK) 

122o0 1,DZERO(KK) 

12300 998 FORMAT(SX,14,3X,F6.4,3X,F6,4,3X,F6.4,3X,F6,4,3x,p6,4,3x,F6,4) 

12400 INITXLIN.ETIfliXIN 

12500 IF(YY,IT,1V)GO TO  250 

126o0 DO 91.  <F:1,2*NODNUM 

12700 INTR(1)(1.0-Xx(NF,1))XIN 

12880 FF(KF,i)1.OINTER(1)/WW(XX(KE',1),XIN) 

12O0 j.F(Nv.Eo.1)Ga TO 92 

13000 DO 92 JF2,NV 

1310 INTER(JF)=INTEp(JF-1)*(1.0Xx(KF,F))XIN 

13200 FF(KF,JF)1.0INTER(JF)/WW(xX(KF,F) ,UN) 
13300 92 CONTMIlE 

13400 91 CQNTINIJE 

1350 PD 98 JL:1,NV 

13600 DO 96 KL=1,2*NODNLJM 

1370r 

13800 96 CONTINUE 

FC(JL)IF'C(JL)/2*NODNuJM) 

14000 WRITE(22,97),Fc() 

14100 97 FORMAT(///5X,'FRACTJ:oN OF FAULTS DETECTED  ',F7.4) 

1420 98 CONTINUE 

1430o CALL TIMER(TIME2) 

14400 TIMF.TIME2-TXME1 

14500 WRITE(22,597),TIME 

14600 587 FORMAT(///5X,'TIME TAKEN TO ESTIMATE FAULT COVERAGE  ',I5) 

147W) RETURN 

148u0 END 
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14900  

15000 C 	ROUTINE TO SIMULATE AND GATE 

151 j0 

15200 	SUBROUTINE AND 

15300 	IMPLICIT INTEGER(A-Z) 

15400 	REAL ONECNT,ZERCNT,SENCNT 

155o0  DIMENSION ICNT(100),OCNT(100),TYPE(100),INPUT(100,1O) 

15601)  1,TVALUE(100),X(1024,10),ONECNT(io0),ZERCNT(100),SENCNT(100) 

157o  3,OUT(100,10) 

15800 	 COMMON 1NPtJT,OUT,ICNT,OCMT,TYPE/AREAI/PRINCW,INTCNT,PROTCN,NOcA 

15900 	 1,NQDNIIP1/AREA2/TYALUE,I/AREA9/QNECNT,ZERCNT,SENCNT 

lGOofl 	 N0 

16101) 	 Do 10 Ji,ICNT(I) 

16200  TF(TVALUE(IWPUT(I,J)).EQ.t)GO TO 10 

16300  K=J 

16400 

16500 10  CONTINUE 

16600  IF(N.E0,0)GO TO 110 

16700  IF(N.GT.1)r,O TO 105 

16Roo  SENCWT(INPUT(I,K)):SENCNP(INPUT(I,K))+1 

16900 195 TVALUE(OQTI,1))0 

17oon ZERCNT(OUT(I,1) )ZERCNT(OUT(I,1) )+1 

17100 rO TO 130 

172u0 110 TVALUE(OUT(I,i))1 

173o0 ONECNT(O(JTI,3.))=DNECNT(OUT(I,1) )+1 

17403 DO  120 Ji,ICNT(I) 

17500 SENcNT(INPUT(I,J))SENCNT(INPUT(I,J))+1 

17600 120 CONTINUE 

17700 130 RETURN 

17R0() END 

17900  

1000 C ROUTINE TO SIMULATE NAND GATE 

18100 

18200 SUBROUTINE NAND 

183o0 IMPLICIT INTEGER(AZ) 

18400 REAL ONECNT,ZERCNT,SENCNT 

18500 DIMENSION  ICNT(100),OCNT(i0Q),TYPE(100),INPUT(100,1Q) 
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186-JO  1,TVtTJE(100),X024,10),0NCNT(1oO),ERCN(100),SENCNT(100) 

1870(%  3,OtJT(100,10) 

18801 A 	 COMMON INPIJT,OUT,ICNT,OCNT,TYPE/AREA1/PRINCN,INTCNT,PROTCN,NPGA 

189oo  1,rWDNflM/AREA2/TVALUE,I/AREI9/ONECNT,ZERCNT,SENCNT 

19 .1W 	 N0 

1910  DO 10 dt,ICNT(I) 

19200  IF(TVALUE(INPUT(I,J)).EQi.)GO TO 10 

19300 

19400  N=P!tt 

195u0 10  CONTINUE 

19600  IF(N.EO.0)G0 TO 110 

19790 IF(N.GT.i)GO  TO  105 

19800 SENCNT(INPUT(I,K) )SENCNT(INPUT(I,K) )+i 

19900 105 TVALUE(OiJT(I,1))1 

200o0 ONECNT(OUT(I,1)):OrJECNT(OUT(I,1))+t 

Moe,  GO TO 130 

20200 110 TVALUE(OUT(1,1))0 

20300  ZERCNT(OUT(I,l))ZERCNT(OUT(I,1))+t 

2040fl no  120 J1,ICNT(I) 

2o5o0 SENCNT(INPTJI'(1,J))=SENCtIT(INPUT(I,J))+I 

20600 120 CONTINUE 

20700 130 RETURN 
20P00 END 

20900 
2100 C ROUTINE TO $T.MULATE OR GATE 

21 1O!) 
212o0 SUBROUTINE OR 

2130 IMPLICIT INTEGER(A-Z) 

21400 REAL ONECNT,ZERCNT,ENCNT 

215o0 DIMENSION  ICNT(100),nCNT(100),TYPE(10o),INPUT(10010) 

216o0 1,TVALIIE(100),X(1024,10),DNECN1. (100),ZERCNT(100),SENCNT(100) 

21700 3,00T(100,10) 

21800 COMMON  INPIJT,OUT,ICNT I QCNT,TYPE/AREAI/PRINCN I INTCNT,PROTCN I NOGA  

219o0 1,NODNIJM/AREA2/TVIthUE,I/AREA9/ONEcNT,ZERCNT,SENcNT 
220ufl N0 

22100 00 	10 J1,ICNT(1) 
222o IrTVArJ1E(INPuT(I,)),Fo,o)Go TO 	10 
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223o0 Kj 

22400 NN+1 

22500 10 CQNTIPJUE 

,22601) IF(N.EQ.0)GO TO 	110 

22701) J'(N.GT.i)GO TO 	105 

22800 SENCNT(INPUT(I,K))SENCNT(INPUT(I,K))+1 

22000 105 TVAL'JE(OUT(I,1))t 

23000 ONECNT(QUTCI,1))ONECNT(OUT(I,1))+1 

23100 GO TO 130 

23200 110 TVAr4UE(OUT(].,1))O 

233Q0 ZERCNT(OUT(I,1))ZERCNT(OUT(I,1))+1 

23400 DO  120 J:1,ICNT(I) 

23500 NCNT(INPUT(I,J))SENCNT(INPUT(I,1))+i 

23600 120 CONTI1411E  

23700 130 RETURN 

23800 END 

23900 

24000 C ROUTINE TO SIMULATE NOR GATE 

24100 

24200 SUBROUTINE NOR 

24300 I MPLICTT INTEGER(AZ) 

244o0 REAL ONECN T,ZERCNT,SENCNT 

245Q0 DIMENSION  TCNT(100),0CNT(10Q),TPE(100),INPUT(100,10) 

24600 1,TVALUE(100),X(1024,10),ONECNT(100),ZERCNT(100),SENCNT(100) 

24700 3,00T(100,10) 

2480G COMMON INPUT,OUT,ICNT,OCNT,TYpE/REA1/PRINCN,INTCNT,PROTCr4,NOGA 

24900 1,NODNUM/AREA2/TVAI,iUE,I/AREA9/ONECNT,ZERCNT,SENCNT 

25000 N=0 

251oo DO 	10 J1,ICNT(I) 

25200 IF(TVALUE(XNPUT(I,J)).EQ.0)GO TO  10 

253o0 K=J 

25400 

25500 10 CONTINUE 

25600 IF(N.E0.0)GU TO  110 

25700 Ir(N.Gr.i)Go TO  105 

250O SENCNT(INPUT(I,K))SENCNT(INPUT(I,K))+, 

25900 15 TVALUE(UUT(1,1))0 
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260u0  ZERCNT(OUT(I,1))ZERCNT(OUT(I,1))+1 

26100  GO TO 130 

26200 110  TVAL4UE(OIJT(I,1))1 

26300  ONECMT(OUT(I,l))ONECNT(OUT(I,1))+1 

26400  DO 120 :j,ICtT(I) 

26500 	 SENCNT(INPUT(I,J))SENCNT(INPUT(I,J))+i 

26600 120 	CONTINUE 

26700 13P 	RETURN 

26u0 	 END 

26900 

27000 C 	ROUTINE FOR XOR GATE 

27 100 

27200 	 SUBROUTINE XOR 

, 00 	 IMPLICIT INTEGER(A-Z) 

2700 	 REAL ONECNT,ZERCNT,SENCNT 

27500  DIMENSION ICNT(100),OCNT(100),TYPE(100),INPUT(100,10) 

2760('  ,TVALUE(100),X(1024,i0),ONCNT(100),ZERCNT(1QQ),SENCNT(1o0) 

2770  3,uT(l00,lO) 

27800  C0MMO.1  INPUT, OUT, CNT,flCNT,TYPE/AREAI/PRINCN,INTCNT,PRQTCN,NOGA 

2790f  1,NODN UM/AREA2/TVALUE,I/AREA9/ONECNT,ZERCNT,SENCNT 

28000 

281u0  DO 10 Ji,ICNT(I) 

28200  SENCNT(IT\PUT(I,J))SENCNT(INPUT(I,J))+1 

2300  IF(TVATjUE INPUT(I,J)).EQ.0)N:N+1 

28400 10  CONTINUE 

28500  IF(CM,E0,O).OR.(M.EQ,2))GO TO 50 

28600  TVALIJE(UUT(X,1))1 

28700  flNECNT(OUT(I,1))ONECNT(0UT(I,i))+1 

28800  GO TO 60 

28900 5a  TVAJUE(0tJT(I,1)) 0  

290u0  ZERCNTCOUT(I,1) )ZERCNT(OUT(I, 1) )i 

29100 60  RETURN 

29200  EjjD 

29300 

29400 C 	ROUTINE FOR XNOR GATE 

29500 

29600 	 SUBROUTINE XNOR 



PAGE:  9 
STAFAN 

29700 IMPLICIT INTEGER(A-Z) 

2980 REAL Or'JECNT,ZERCNT,SENCNT 

29900 DIMENSION  ICNT(100),OCNT(100),TYPE(1OO),INPUT(i00,1Q) 

30000 1,TVALIIE(100),X(1024,10),ONECUT(100),ZERCNT(100),SENCNT(100) 

30100 3,OUT(100,1.0) 

30200 COMMON 	INPtIT F OIJT,ICNT,OCNT,TYPE/AREA1/PRINCN,INTCNT,PROTCN,NOGA 

303on I ,NODNIJM/AREA2/TVALUE,I/AREA9/ONECNT,ZERCNT,SENCNT 

30400 

35Q0 1)0  JA 	L1,ICN(I) 

306u0 $ENCNT(XNPUTCI,J))ENCNT(INPU9. 

3070Q XF(TVArUE(INPUT(I,J)).EQ.0)NN+1 

30800 10 CONTINUE 

30900 Irc(u.EQ.0).OR.(N.EQ.2))Go TO 50 

31000 TVALUE(OUT(I,1))0 

31100 ZERCNT(OUT(I,1))ZERCNT(OUT(I,1))+1 

312o0 GO TO 60 

31300 SQ TVALUE(OUT(I,i))1 

314u0 ONFCNT(OUT(I,i))ONECNT(QUT(I,1))+1 

31500 60 RETURN 

316u0 END 

31700 

31800 C ROUTINE TO S!MULATE NOT GATE 

31900 

32000 SUBROUTINE NOT 

32100 IMPLICIT INTEGER(A-Z) 

32200 REAL ONECNT,ZERCNT,SENCNT 

32300 DIMENSION  ICNT(100),OCNT(100),TYPE(100),INPUT(100,10) 

32400 1,TVMUE(10O),X(1024,10),flNECNT(100),ZERCNT(100),SNCNT(i00) 

32500 3,OUT(100,10) 

32600 COMMON INPUT,OIJT,ICt4T,OCNT,TYPE/AREA1/PRINCN,INTCNT,PROTCN,NOGA 

32700 1 ,NODNIIM/AREA2/TVALUE,I/AREA9/ONECNT,ZERCNT,SENCNT 

32800 ENCNT(IMPUT(I,1)):SENCNT(INPUT(I,1))+1 

32900 IF(TVA1UE(INPUT(I,1)),E0.0)GO TO  50 

33'00 TVALUE(OUT(I,1))0 

33100 ZERCNT(UUT(I,1) )ZERCNT(OUT(I,1) )+1 

33200 GO TO 60 

33300 5Q TVALUE(OUT(I,1))1 
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33400 ONECNT(OUT(l,1))ONECNT(OUT(I, 1) )+1 

33500 60 RETURN 

33600 FIND 

33700 

33800 C ROUTINE FOR CONTINUITY BLOCK 

33900 

34000 SUBROUTINE CONT 

34100 IMPLICIT INTEGER(AZ) 

34200 REAL ONCCNT,ZRCNT,SFNCUT 

3430 DIMENSION  ICNT(100),OCNT(100),TYPEC100),INPUT(100,10) 

344)n 1,TVALIJE(100),X(1024,i0),ONECNT(100),ZERCNT(iQ0),SENCNT(100) 

34500 3,oU(100,10) 

34600 COMMON INPUT,O1JT,ICNT,OCNT,TYPE/AREA1/PRINCN,INTCNT,PrOTCN,NOGA 

34700 1,NODNUM/APEA2/TVALUE,I/AREA9/ONECNT,ZERCNT,SENCNT 

34800 SENCNT(INPUT(I,1)):SENCNT(INPUT(I,1))+1 

34900 iF(TVMUE(INPUT(I,i))EQ.0)G0 TO  15 

3500 DO  10 K1,OCNT(I) 

35100 TVAIUE(OUT(I,K))TVALUE(INPUT(I,1)) 

35200 ThECNT(OUT(I,K))ONECNT(OUT(I,K) )+1 

3530 10 CONTtNULC 

35400 GO TO 60 

35500 15 DO 20 Ki,OCNT(I) 

3500 TVALUE(E)UT(I,K))=TVALUE(lNPUTCI O I))  

3570 ZERCNT(OtJT(L,K) )ZERCNT(OUT(I,K))+1 

35800 20 CONTINUE  

35900 6V RETURN 

360o0  END 


	Title
	Abstract
	Chapter 1
	Chapter 2
	Chapter 3
	Chapter 4
	References
	Appendix

