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I INWRODIJCFION

Computer cont rolled Automatic Test ~quipmont (ATE) increases the

efficiency whi le reducing the cost of test ing complex equipment. The

function of the computer program which operates the ATE is to validate

the Unit Under Tes t(LBJF) design, test point availability and packaging.

The complex computer program logic needed to specify test sequences

require the prograiiiner to have expert knowledge of the Unit Under Test

(UIJF) and of computer technology (programming) . The NOPAL language was

developed to simplify the task of specifying test sequences controlling

the ATE.

NOPAL is an acronym for “Nonprocedura l Operational Perfo rmance

Analysis Lan guage”. Independent NOPAL test modules each containing the

logic and diagnostic instructions for a particular test situation may be

written in nonprocedural or random order. A significant advancement in

NOPAL over other test specifications languages is the ability to auto-

matically sequence the test modules , and the instructions within the test

modules. This attribute provides the flexibility to modify test instruct-

ions without manually reordering other statements or test modules.

The report presents the al gorithms , methods , and computer programs
used to automatically order the statements within a test module.

- 
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1.1 BACKC,ROWI):

~hintenance and support expensc for complex equi pment are approaching

procurement costs in many organizat ions. For example , it is reported that

of the fifteen and a third billion dollars spent on electronics by the

United States Department of Defense, more than one third , or five and a

qua rter billion dollars , was spent on maintenance and support [Eleccion,

1974]. It is estimated that 80% of this cost is attributed to labor, with

SS% of the time spent on diagnosis and fault isola t ion. Fiscal savings can

be achieved by utilizing engineering technicians with Automatic Test Systems

(ATS). This may be contrasted to the present manual procedures employed

- by elec tica l engineers to determine optimal test sequences.

The probable savings can he calculated by comparing the beginning

sa lary of engineers and eng ineering technicians as reported by the United

States ~~partinent of Labor Statistics [U.S. BLS, 1975)]. In 1974,

beginning eng ineers received ~13, l7l  per year as cont rasted to the engineer-

ing technician’s $7,975 per year , a difference of forty percent . Based

on the maintenance and support figures given above , the estimated savings

might be one and a half bi l l ion dolla rs , assuming there is a one-to-one

substitution ratio between the engineering technicians and the electrica l

engineers . The savings would enable electrical eng ineers to ut i l ize  their

talents more productively.

To achieve fiscal economy and enhanced reliability as a result of

effec tive testing, the United States Army developed a special purpose

language , OPAL (Operational Pc rio rmancc Anal ys I s Language) [Pran k fo rd

Arsenal , 1976] to mechanize the programming of ATS. The desi gn is general

enough to test a broa d range of equipment inc l uding electronic , mechanical ,

hydraulic , and optical. Its operation is similar to the well known

2
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computer I anguage , BAS IC , in t hat ~ach I i  ie begins w i t h  a kcv~ord such

as DLCIARi~, GafO, cALL, et C . OPAl ’ s most si gni f ican t  improvement ove r

earl ier  test progranining languages such as ATLAS [ARINC , 1972] is i ts

faci l  i t v  for mo dular development of t es t  modules, allowing independent

* test development by di ffe rent ro~ ranuning teams .

Use of OPAL as a programming language requi res considerable pro-

grau~n ini ~ labo r. For examp le , the exact execution sequence of instructions

w i t h i n  each test module and the overall ordering of test modules must

be snec i lied. This  is done wi th  the conventiona l (‘13T0 and (‘ALL state-

ments. A h ig h l ikelihood of erro r is present when manually implementing

the faul t determ ination strategy . This  is a resul t of the extensive

knowled ge needed in computer progrannu ing , applied mathemat ics , and the

compon en t be iii~ tested . l~ n gth v sequencing instruct ions

coithined with required storage assi gnments , produce multi ple coding steps

for a l l  test speci f i cat io n s .  In order to s impl i fy  the process of

programming the ATS , a non-procedural test specification language was

developed at the Un iv er s i  t of Pennsylvania in the l~loorc Schoo l of

Elect r ical hng incc ring, Department of Compute r and th fo nuat ion Sc ie nces

I che , l~Y~~1.
NOPAI , — an ac ronvm for NonptDcedura 1 Operat i ona 1 Perfo rmance

Anal y s is  1~inguage permits the user to speci fy test specifications in

modu l ar  fashion , independent of one another. The actual sequence of

• t ’xccut ion i s det erm wed autom at i ca l i v  1w th e NO1~AL processor. Since

the seqiicnc in g i s per fo rined automa t ical 1 v , all  GOTO’ s and subrout ine

(~\Ll, ’ s have been cli  m ina t cd.  The name NOPAL was selected because i t

is the name of a cact aceous pl ant  which i llus t ra tes  an incremental

growth of stems analogous to the modular development of tests in NOPAL .



~.ki1ike OPAL , NOPAL is not a programming language. Rather , it is

a lan guage for descr ib ing individua l tests and diagnoses wh ich are used

as input to the NOPAL processor. The OPAL processor then produces a

compu ter pro gram for conduc ting these tests in conj Lulction with

Automatic Tes t ~~uipment (ATE) . Figure 1.1 illustrates this relationship.

NOPAL ’ s non-proceduralness also allows for incrementality in the

sense that additions or modifications to test specifications may be

incorporated easily .  For example , when tests are added because of desi gn

modifications , the user need not construct alternative sequencing as

in OPAL. The aut omatic a b i l i ty  to sequence enables NOPAL to achieve a

degree of sophistication tha t wi l l  reduce the cost of updating and

creating the progra m for the Al’S.

Another improvement incorporated in NOPAL is its ab i l i t y  to auto-

matically al locat e sto rage a ss ignments for sing le and subscri pt var iables .

These assignments indicate whether a variable is locall y defined to a

particular test module or globally defined to all test modules. The

attribute , whether local or global , is stated in several user reports.

1. 2 Ti IF NOPAL PROC ELSSOR

The NOPAL processor is graphical ly represented in Figure 1.2. The

n~ nitor ,  located at the top of t h i s  diagram , is the control mechanism

of the system involving the procedure s below i t .  These procedures ,

t i t led “syntax analysis ,“ “intr a-test  analysis ,” and “inter- test

analysis , ” form the three basic divisions of the processor.

Syntax anal ys is , dr awn on the far Ic ft port ion of Fi gurc 1. 2 ,

refers to the process of parsing NOPAL sourc e str ings into syntactic 

~
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classes , and storing them in an a ssoc i a t ive_ memo ry . This special purpose

memory netwo rk stores the strings so that they are “associated” by their

content , and can be retrieve~easi ly durin g later stages of pro cessin g.

User reports inc luding a source l is t ing , a cross reference report , and

an erroz- report are produced during th i s  phas e .

Intra - test analysis  is represented in the center of Fi gure 1.2

pa rt i t  ioned by the broken rectangle. Its  purpos e is to evaluate

expressions within each test module to determine automatically their

sc~uencc of execution. The process beg ins by establishing an adjacen~~
ma t r i x , for every NOPA1. test module . Each position of the adj acency

matr ix  represents a variable name, a diagnosis ,  or a conjunct ion or

assert L O U .  Relations are rep resented on the matr ix  such that source and

t~~~j ’~~t variables arc l inked to conjunction and assertions , or 2~erator

response and othe r I)aramete r variables are linked to diagnoses. A path

matrix is l a t e r  introduced to detect circular de fini t ions by indicating

the existence of all paths w i t h i n  the NOPAE, test module. if  the NOPAl,

test  module is error t’i-ec , sequenc I ng is performed u s ing precedence— and—

ranking-al gori thm s based on graph I. bee u-v . Reports l i s t i ng  the sequenced

N~ I ’Al • statements and the detected errors ar e generated.

In te r - t e s t  a na l y s i s , drawn on the  righ t port i on of Figure 1.2 , refers

to the process of au tomat ica l ly  determining the order of execution for

al l  test m odules. Six sequencing s t rateg ies arc combined ~i th  precedence

re m t  b ush ip rules to ionn a di rectcd graph , represented as a p recedence

mat r i x. I~ach ~05 i t  ion of the precedence mat r ix  represents a variable

name , diagnos is , or te s t  module . The i~c~ and col unu~ combination s

7
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deno te a precedence relationship. Based on the matrix , i t  can be deter-

mined whether the test specifications are complete , consistent and/or

unambiguous. Also , possible cycles are detected and eliminated appro-

priately. Finally,  test nodules are assi gned execution levels and

ordered in proper execution sequence. A detailed repo rt explaining this

process is currently in progress.

1.3 Organization of the Report

Section 2 introduces the types of NOPAL statements. Following this ,

the sections parallel the process of intra-test sequencing illust rated

in the cen ter portion of Figure 1.2.

In Sect ion 3, the al gorithms which t rans fo rm NOPAL statements into

matrix form are described. Preliminary analysis of ambiguity is in

Section 4. The path matrix that detects circular or transitive relations

is presented in Section 5. Finally, Section 6 details the precedence

algorithm that orders NOPAL statements.

8
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2. ~1VE RVIFW OF NOPAL si’ArEMI Nr TYPI ;S

NOPAL statements concisely exp ress test s i t u a t i o n s  whose sequencing

i s  discussed in this  report. This section presents an overview of the

language to familiarize the reader w i t h  i t s  construction . To actually

write a tes t  nodule , the NOPAL Language Manua l should he used .

The ove rall structure of the NOPAL language is stmuuarized in

Fi gure 2 .1 , using an extended BNF notat ion . As shown at the top l ine ,

a spec i f icat ion in NOPAL has three parts:  Test , Unit Under Test (UI Tfl ,

and ATE. The la t ter  two are intended to Provide IJtTl’ and ATE independence ,

iii th e sense that changes are reflected only in the corresponding parts

of the spec i fication , consistent with the theme of th i s  report , the

discus sion cen ters aro und the fo rmat of the NOPAL test specifications

writ ten in independent test  modules.

A test module describes a single test to diagnose a variety of

f a i l u r e  modes. Because the modules are independent of each other , they

may he m o d i f i e d , deleted , or inserted wi thout a f fec t ing  other test

si tua t ions .  Fo nna I I  V , a t (‘St mo d iul c is a composite of four unique

classes:  s t i m u l i , mca simrc n~’uit l ec i c  and dia~~osis.

The Stimu li c l a ’~s i n d i c , u t e ~ the act ion s ~ipp1 i eii to the IJIJT at

test t i me ; w hit .’ the \k ’ ,i~ u ur t ’mcn t s  ci ass expresses what act ions are

needed to asc er t a in  the success or f a i l u r e  of the tes t .  Both stimuli

and measurement employ con jiu~ct ion and assertion statements. A

conj unc t ion  in dica t es a funct ion app l ied ui . measured t o  a spec i lic

connector point  oi the UI Ti. .\n As~.ert ion many be used for ti~~ purposes .

The primary one is for s t a t i n g  t h e  range of measurements which would

dete rmine the success or failure el  a t e s t .  The other use is to

9
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< NOPAL SPECIFICATI ON > : := ~- FI ST SPECIFICAT iON > < UJJF SPECIF1 CA~ION >

ATE SPECIFICATION >

< TEST SE’ECIFICATI(N > : :=  < TEST MDDULE > [ < TEST ?SV3DULE >

< TEST ~3DULE > [<STl~JLl > I I < MEASUR~2~~NT > I
[ < L O G I C  > ] *  [ < DIAGNOSI S > ]~

STI1’RJL I > : := [<CON JUN CrIO N > ] [<ASSERTI ON > 1*
MEASUREMENT > : : = [ < CONJUNCTION > ] [ < ASSERTION > ] *

< (X)NJUNCT ION > : : = c TEST POINTS > < RElATION > < WAVEIDRI¼I >

< TEST POINTS > < RElATION > < WAVEPDRII >1*
ASSERTION > ~ = [IF CLAUSE TUENJ

AR I TI I EXPR > < P.ELI\TIQN > < AR IT1I EXPR >

[ELSE ~- ARITh EXP R ><RELATIcN >-< ARITh EXPR >]

< IflC’IIC > : := < OPERATOR > < DIAGNOSIS ID >

< DIAGNOSIS > : := < DIAGNOSiS ID > < MESSAGE > [ < FAILURE IDS >

< OThER DATA > I I < TIMING >

[<OPERATOR RESPONSES > 1
:;e~’: [

~ 
- i . ]  OPTIONAL

- ]
~ MAY REPEAT ZEl~ OR ~)RE TIMES

FIGURE 2. 1 ThP LEVEL STRUCTu RE OF TIlE NOPAL LANGUAGE

10
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e ii - ~i. t - 1 I t i ’ ’. - I 101111 ceflipU t at ion during execution of the

tes t  m a : i

t h e  sa n~~i e t e -~ il  e ( F m gure 2. .~
) demonst rates the use of

st  imn u l i , mlva sLIfl ’men t * 
leg c , and d iagnosi s  to exp ress a test si tuation .

Fhe on lv st i min i I i  I s ~~e i i i  m c t  ion $S tcoon 1 which applies function

F 5’’ to connector p ins  ‘‘ 12 ’2 R” and ‘‘GNU” . To measure the result

of S S 1~O0L) 1 , measurcrrn t commi  unc t ion ~N WOO () 1 applies fun ction “SINE I)’’

to connector pins “.L~~’’ and “ GNU” . F i n a l l y  measurement assertion

$M W0002 evaluates the results to determine the success or fa i lure

of the test.

Conj unctions and assertion s employ two classes of variables:

Source and ~~~~~~ Source variables are generated elsewhere , in other

assert ions or conj unct ions . TARGET variables are locally evaluated to

he used elsewhe re. Source variables may be conside red dependent or

eXogenous ; whi le  target  var iables  nnv be considered i idependent or

endogenous . Within the sample test module (Fi gure 2. 2) , conjunction

$~LWO001 defines “El” and “
~~~~~

“ as ta rget va r iables , and “VARI ” as a

source variable. Assert ion $M W0002 de lines ‘‘VARl’’ and ‘‘n’’ as source

var i ables. lissent ia 11 v a v a r i a b l e  def in ed both as source and targe t

by d i f f e r e n t  conj unct ions  and assert ions causes the conj unction or

assert ion which uses the va r i ab le  as target to automatical ly precede

the conj unct i on or assertion that employs i t  as source .

Each di~ g~osis i d e n t i f i e s  the failures and the message which communi —

cates the results of test ing to the operator. A diagnosis statement is

composed of live pa r t s :  t e d  co~ponents , other J~~’ameter s , message

type, t i m i ~~~. and op~ rator respons~ . Affected components is a l ist  of

11
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TEST SYTEST0003;

STIMULI 2(SYT13ST0003) ;

I3JNJUNCTION $S W0001 (2) :
( < J24 i~ 

-
~ 

(~~p = CONST S(27. 5 VOLT ))

AsUREMEtsrr $M sYrEsr000(srrEST0003) ;

CONJUNCTION $M W000l($ M SYTEST000) :
( 322 , GNU = SINETh(Vl VOLT , El I -I l , VAIU SEC ))

TARGET : El, V1
SOURCE : VAJU;

ASSERI’ ION $M W0002($ M SYTEST000) :

IF VAR1=60 11TEN
Fl = 5*lE+06 +- 60

ELSE
El = 5*]j:~.Q5 +- 2 .5

SOURCE : VAJU, El;

LOGIC $WGICOO1O(SYTESTOO3) : *4 , 5 , *f~

DIAGNOSIS 4:
OPERATOR MESSAGE :

TYPE=#5,
T1L42= 0. 00000E+OOSEC,

RESPONSE= (VARI) :

DIAGNOSIS 5:
OPERATOR MESSAGE :

AFFECTE D (ThflThENTS~FREQ TOL(STD SM-IZ FRE) ,
OTHER PARAMLTE RS= ( ‘ FRIi Q’), —

TYPE=#6;

DIAGNOSIS 6:
OPERATOR MESSAGE :

OTHER PARAMIiTERS=(P1, ‘ l I Z’ ) ,
TYPE= I) ;

FI GU RE 2 . 2 - SAMPLE TEST M3IIULE

12
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f a i l  nrc func t ion s indicating the mode s of ía i lure and corresponding

components which the diagnosis asserts to have failed. ~~~~~~~~~~~~~~~
indicates the variables or character strings that are included in the

diagnostic message. The diagnost ic  message is re ferred to by the

label in the message ~~~~ Tim ing states when the operator message is

to he sent in respect to the beginning of the application of the stimuli .

I f  the message con tains instnict ion s to the operator -to perfo rm duties

such as pressing keys , reading meters , or making measurements, an

operator response may he necessa ry in order to conclude the tests. The

possible responses consist of suspending or initiating a test or

input t ing  to the terminal the values of the requested variables .

Operator response and other parameters qualif y the diagnostic

message . Fi gu re 2 . 2  presents three diagnoses. Diagnosis 4 uses VAR1

to store the operator response for latter examination . l)iagnosis 5

emp loys the character string ‘ FREQ ’ as an other parameter. Diagnosis 6

uses variables El and character string ‘HZ ’ as an other parameter.

The next section discusses how the info rmation necessary for

sequencing is constnicted from the test module and represented in a

nut r ix  equivalent fo iin.



3. ADJACENCY MATRIX

This phase of the NOPAL processor deals with the trans fo rmation

of NOPAL test specifications by the use of graphs and matrices. It

describes an application of graph theory to the analysis of NOPAL

specifications and to the generation of a sequenced test module. I~~ile

graph theory has been used in variou s computer applicat ions in recent

years the analysis of information relationsh ips and the automatic

sequencing by means of graph are novel. This section present s the

back ground and terminology invo lved, as well as describ inm ~ the graphs ,

matrices , and other data structures that are buil t  from a NOPA L

specification test module for intra-test sequencing.

Section 3.1 provides an overview of the processes involved in

this stage , and Section 3.2 discusses them in greater deta i l .

3.1 ELEMENI’ARY STRUCTURES OF TI IF ADJACENCY MATRIX

This section discusses a matrix representation of the test specif-

cations introduced in Section 2. Of these specifica t ion s , the pre-

cedence indicator controlling sequencing is based on source and target

variables. For example, a source variable to an assertion mus t he

available before invoking the assertion . A target variable to an

assertion is only available after the assertion is computed. This

requirement detai ling precedence information is implied in a “directed

graph” .

A d ccted~~~j~ph is a network of interconnected nodes such that

each node is a conjunct ion , assert ion , d lagnos is , or var iable .  Fo rmally,

a directed graph is a ~~ 
j~. (N .A) such that N represents tht~ set of nodes

in the test module; and A represents I he set of ordered pa i rs ( N i  • Nk )

Each Al is i l l u st r a t e d  with an a rrew m d i  cat in~ a path from node N

14
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to node Nk. Each node may have multiple arrows emanating from i t .  Because

the arrows have an associated direction the graph is some t imes called a

di graph.

The sample test module of Fi gure 2. 2 is represented as a directed

graph in Fi gure 3.1. Each conjunction , assertion , diagnosis , and variable H

corresponds to one node . Variabl es repea ted by d i f f e rent conjunctions ,

assert ions , or diagnoses; or used as both source and target , are st i ll

represented with one node. Nodes that are not related , are not connected.

The nodes of the digraph correspond to locations within a dictionary.

The dictionary is defined as an array of strings which are the names of the

conjunctions, assertions, diagnoses, and variables in the test module. This

struc ture s tores the di graph node labels and is used to form the rows and

column s of the adj acency matrix. It is fo rmed by grouping conjunctions

and assertions , diagnoses and variables .

Fi gure 3.2 shows the cons truc t ion of the dictionary for the sample

test module in Fi gure 2 . 2 .  The dict ionary has nine labels prearrange d beg in-

ning with conjunction s and assert i ons followed by diagnoses and variables.

Although the directed graph is more comprehensible for humans , i t ’ s

counterpart , the adiacency matrix, is an equiv alent form be tter sui ted

for dig ital computation . Formally the ~ Jpcency_matrix(A) corresponds

to the digraph (N,R) of N nodes wi th one re lat ion R defin ed as an N x N

mat rix (i .e. a matr ix  having an equal nunilc r of rows and columns) . The

relation is expressed hel ow with a “1” in Au indicating a path from node

i to node j :

Au = 1 i f  ( N j , Nk) is in R; ELSE
Au = 0

‘S

__________________ j
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DIRECTED GRAPH OF SAMPLE TEST MJDULE IN FIGURE 2 . 2

FIGu RE 3.1

1 SS ~W000l CONJ UNCTIfNS
2 ~l woool )
3 ~M W00fl2 ~ ASSERT I ON
4 - 4  I
~ 

DIAGNOSES

6 b
7 VAR1
8 Fl VARIAB LES
9 V2 

-

DICT IGNARY OF NOPE IN li IE DIRECTEI) GRAPh
IN FIGURE 3.1

FIGURE 3.2
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The adj acency ma t r ix for the sample test module of Figure 2.2

is shown in Figure 3.3. It is equivalent to the directed graph in

Fi gure 3.1. such tha t  re l at i on s between nodes are preserved. For example ,

the “1” in row 2 column 8 indicates a directed path from node 2 to node 8.

Thus , referring to the dict i ona i . the path is from the conjunction

$M W000I to the target variable I:!. The next  section de ta i l s  the . algorithms

used to indicate paths between nodes in the adj acency matrix.

ADJACENCY MATRIX
STATEMENT TYPE 1) I CT 1ONARY 1 2 3 4 5 6 7 8 9

CONJUNCTION 1 $S W000I 0 1 0 0 0 0 0 0 0
CONJUNCTION 2 - $i~fivoooi 

0 0 0 0 0 0 0 1 1
ASSERT I~N 3 s~rw0oo2 0 0 0 0 0 0 0 0 0
DIAGNOSES 4 4~~ 0 0 0 0 0 0 1 0 0
DIAGNOSES S S 0 0 0 0 0 0 0 0 0
DIAGNOSES 6 6 0 0 0 0 0 0 0 0 0
VARIABLE 7 VAR1 0 1 1 0 0 0 0 0 0
VARIABLE 8 Fl 0 0 1 0 0 1 0 0 0
VARIABLE 9 ~rj 0 0 0 0 0 0 0 0 0

FIGURE 3.3 CONSTRUCTING ‘flII~ DICTI ONARY AND
R)RMING Ti lE ADJACENCY MATRIX

17
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3. 2 EXPRESSING PRECEDF.NCE RElAT I~~S IN MATRIX FORM

This section explains the mechanism of linking variables in matrix

form to sped ft the precedence of execution.

~~njunctions and assert i on s employ source .a~d target variables to

help specify logical or a r i t h m e t i c  n~’lat ionships . A targe t variable is

expressed within the adiacenc m at r ix  by placing a “I”  at the intersection

of the conjunction or assertion row and the target variab le column . A

source variable is the inverse o~ the target representation expressed by

placing a “ i ” at the intersection of the source variable_ row and the

conj unction or assertion cohuim . This inverse representat i on guarantees

precedence of targe~. relat ions before source relat ions. Fi gure 3. 4

sui~ ari :es the process of i n d i c a t i n g  the above relations.

~~~RIX RON WLU~~ VALUE

TARGET : ADJACENCY C(1’4JUNCI’l ON TARGET VAR lAB! .E 1 B INARY
~

ASSERTION

SO1JRCE ADJACENCY SOURCE CONJUN CTION I B INARY
VARIAB LE OR

ASSERTION

El CU RE 3. 4 TARGE l’ A N!)  S i1RCI SLJMW~RY

18
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Figure 3. 5 is  an ad acenc r u t  r i  x fo rmed from information in

Fi gure 2. 2 .  I t  i l l u s t r a t e s  using macmon los to show c x’pl i c i t l y  the

source and ta r~ot li nkage .

The f i r s t  ent r in the d ic i ona ry is conjun ct ion Ss wooo 1

~k~trix entries are not required because the conjunction does not employ

source or target variables. The second entry is conjunction $M~~000l

whic h employs two target v i  r iables , El and VI ;  and one source variable ,

\~\RI .  The target relat ions are entered in the second row of the adj acency

m a t r i x  with “1” in the ei gh th  and ninth columns. The source relations

are en te red w i t h a “1” in the second co I ~uun of the seventh row. The th i rd

entry, asso rt ion $~i w0002 , uses t ’~o source variables VAR I and El which are

ente red in the th i rd co I ku1u ~ of rows seven and eight .

DI CTIONARY AI1SJACENCY MA TRIX

1 2 3 4 5 6 7 8 ~
)

l $ S ~ c00iU O B 0 0 0 0 0 0 0
2 $~iW000 i 0 1) 0 0 0 0 0 T T S - SOURCE
5 ~M W000 2 0 0 0 0 0 0 0 0 0
4 4 ~~ 0~~) 0 0 0 0 R 0 O  T - T A R G E r
5 5  0 0 0 0 0 0 0 0 0

0 0 0 0 0 0 0 0 0  R - OP ERATO R RESPONSE
7 ’A J U  O S S 0 0 0 0 0 0
S Fl 0 0 S 0 0 P 0 0 0 P - OIlIER PARAMETERS
9V 1  0 0 0 0 0 0 0 0 0  B-STIMU LT CONJUNCrION

EXECW’ED BEFORE
S ~ (#) ~~~~ .~~~ ~~~ ~ -

~~ 
MEASURF.1¼IENT
CONJUNCTION

i—. — (_,

FIGURE 3.5 AI \CFNCY MAT R I X R)R~1ED FROM TEST M~JWLfl IN
FIGURE 7 .1
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Variab les used with in di agliosos are represented in a sinii lar foii’i

to the source and tai~ et vax-i ahi  es. An ope rator response

variable is expressed by p laci n g a ‘1” at the intersection of the

~~~~~~~~~~ and variable column . The other parameters variable is

expressed by p lac ing a “1 at the intersection of the variable row and

coh~in . The inverse representation guarantees precedence of

operator yes nses before eu le r paraneters . Literal  strings that are

enclosed by apostrophes (e.g.  ‘ l I Z ’ )  have no si gnificance in the logical

ordering of statements thus they are not represented in either the

dictionary or the adjacency mat r ix .  Figure 3.6 stnTnua rizes the method

used to indicate variable attributes to diagnosis.

MATRIX ROW COLU~~ VALUE

OPERATOR RESP(\NSE: AIUACENCY DIA GNOSIS VARIAB LE 1 BINARY

(YF}IER I RAMET E RS : 1\RJACLNC Y VARIABLE DIAGN O~S IS 1 BINARY

FIGURE 3.6 I) I AGNOSIS AND VAR [r\B LE SIJM~1ARY

Fi gure 3.5 also shows operator response and other matrix entries

constructed from the samp le specif icat ions in Figure 2 . 2 .  ~hemonics are

used to explicitl y d i f f e ren t ia te  these relat ions from the previous source

and target structures. For examp le , D iagnosis 4 , which employs the

variable VA.RI as an operator response , is expresse . in the seventh colimu x

of the fourth row. In Diagnoses 5 the othe r parameters , ‘ FREQ ’ is a

l i t e ra l  s t r i ng  (denoted by a character s t r ing enclosed wi th in  apostrophes)

rather than a v a r i ab l e .  Since the adj ac ency m a t r i x  only l i nks  vari ables

FIUiQ’ is not indicated on the sample m a t r i x .  S imi lar ly , the literal

string ‘LIZ ’ of 1)iagnosis ( i s  not present in the adjancency matrix.

20
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llowever , othe r parameter variable U of L)iagnosis 6 is represented in

the sixth column of the eighth row.

The path relations introduced thus far directly parallel the wave-

forms and diagnosis statements. Because NOPAL is non-procedural, an

additional relation is necessary to insure that stimuli conjunctions pre-

cede measurement conjunctions. Thus the functi which excite the

IJUT through specified terminals precede the functions which classify

UIJI”s responses. This is achieved simply by inserting a “1” in the

measurement conjunction column of the stimuli conjunction row. Thus in

the sample test module of Figure 2.2, a “1” is entered in the second

column of the first row, linking $S W000l to $M W0001.

The process of constructing the adjacency matrix is summarized in

the algorithm of Figure 3.7 The last step of this process evaluates the

external variable ‘SLiQOPT’ (initially set when invoking the NOPAL system~

to ascertain whether to generate a special purpose Adjacency Matrix Report.

This report (Figure 3.8) indicates relations, node labels, and node

attributes of the sample test module in Figure 2.1. It summarizes in short

form the necessary information employed in intra-test sequencing.

Preliminary error analysis is performed as soon as the above infor-

mation is accumulated in the adjacency matrix. This analysis detects

multiply defined target variables is discussed in Section 4. Section 5

develops a more sophisticated algori thm to detect circular ambiguities.

As t h e reader procedes ft rough the f o l l O w i n g  sect ions , the power and

sophi stication of representing test SpeC i ficat  ions in matrix form will

bCCOIIIC evident.

21
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ALCJJRI1HM TO CREATE AN ADJACENCY MATRIX

LET #W = NUMBER OF CONJUNCTIONS AND ASSERTIONS IN ADJACENCY MATRI X

LET ~p 
= NUMBER OP DIAGNOSES ON ADJACENCY MATRIX

LET #V = NtJ’.I3ER OF VI.JUABLES IN ADJACENCY MATRIX

LET N = TOTAL NUMBER OF CONJUNCFIONS, ASSERTI ONS , DIAGNOSES VARIABLES

LET DIC~10NARY(N) LIST OF CONJUNCTION , ASSERTION , DI AGNOSIS , AND

VAR I ABLE LABELS. (SIZ E l )ETERMINED BY N).

LET ADJACENCY MATRJX(N,N) = MATRIX SUCH ThAT EAO-I POSITION ‘X ’ CORRESPONDS

TO ThE LABEL IN POSITION ‘x ’ w ii ir~ DICTIONARY.

1. GATI-TER, fl (EN GROUP ALL CONJUN CTIONS , ASSERTIONS , DIAGNOSES , AND

VARIABLES INTO DICTIONARY

2. (DUNT AND SET #W , #D , #V AS NECESSARY

3. CALCULATE SIZE OF THE ADJACENCY MATRIX

N = #W + #D + #V

4. ALLOCATE ADJACENCY MATRIX A(N,N)

5. SET ADJACENCY MATRIX ‘ID ‘0’

6. PERFORM 7-9 FOR EACH CONJUNCTION AND ASSERTION

7. FOR EACH VARIABLE PERFORM 8-9

8. IF SOU RCE VARIABLE ThEN:

ADJACENCY MATRIX (VARIABLE ROW, CONJUNCTION OR ASSERTION COLUM’~) =1

9. IF TARGET VARIABLE THEN:

ADJACENCY MATRIX(CON.Jlf ’4C1 ’TON OR ASSERTION RON , VARIABLE (DLIJ1~~) = 1

10. PERPORI~-I 1 1 — U FOR EM] I DIAGNOSIS ( I l l ) )

11. FOR EACH DIAGNOSIS VARIABLE PERFORM STEP 12-13

FIGURE 3.7 ALGORfl1-IM TO CREATE ADJACENCY MATRIX

22
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12. IF OPERATOR RESPONSE VAR IABLE IN I)IAGNO SIS ThEN :

ADJACENCY MATRIX (DIAGNOSIS NODE, VARIABLE NODE) = 1

13. IF (TillER PARAMETER VARIABLE IN DIAGNOSIS ThEN

ADJACENCY MATRIX (VARIABLE NODE , DIAGNOSIS NODE) = 1

14. IF THERE EXISTS A STI MULI AND MEASUREMENT CONJu NCT ION WIThIN TEST MJDULE

TI-lEN ADJACENCY MATRIX (STIMULI LON ,J . NODE , MEASUREMENT CONJ . NODE)= 1

15. IF ‘SEQOPT’ = 1 h E N  PRINT ADJACENCY M.\TRIX REPORT

16. END

FIGURE 3. 7 ALCOR1TI IN TO CREATE ADJACENCY MATRIX

(continued)
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INTP,A ~tODULE SEQUENCING SYfEST0003ANALYSIS CF TILE ADJACENCY MATRIX

1 2 3 4 5 6 7 8 9

I $S W0001 CONJUNCTION 0 1 0 0 0 0 0 0 0
2 $M W0001 CONJUNCTION 0 0 0 0 0 0 0 1 1
3 $M W0002 ASSERTION 0 0 0 0 0 0 0 0 0
4 4~~ DIAGNOSES 0 0 0 0 0 0 1 0 0
5 5 DIAGNOSES 0 0 0 0 0 0 0 0 0
6 6 DIAGNOSES 0 0 0 0 0 0 0 0 0
7 VARI VARIABLE 0 1 1 0 0 0 0 00
8 Fl VARIABLE O C l O O l 0 0 0
9 VI VARIABLE 0 0 0 0 0 0 0 0 0

ADJACENCY REPORT

FIGURE 3.8

24

___________ ~~~~~~~ ——•-  ~--- — —~-- --~•- ~~~~~~~~~ -- ------------ --- -



- -

4. PRELIMINARY ANALYSIS OF THE ADJACENCY MATRIX

After entering the known precedence relations into the adjacency

matrix an analysis is perfo rmed to guarantee that the test module is

error free. This section corresponds to the second box of the center

partition in Fi gure 1.2. ?~~thods verifying target variables correct

usage are discussed. Specifically four types or ambiguities or inconsist-

encies are presented: 1) excess target variables per assertion, 2)

incorrect target variable expression , 3) wrong arithmetic operator in

an assertion , and 4) target variable defined more than once.

Section 4.1 presents an overview of the analysis, and section 4.2

details the algorithm.

4.1 OVERVIEW OF THE ANALYSIS

This section begins the evaluation of conjunctions, assertions .

and diagnosis variables. To clarify the forthcoming discussion , a new

sample test module is presented in Figure 4.1. This test module is

composed of two conjunctions , three assertions, and one diagnosis. The

logic to invoke the diagnoses has been eliminated since it is not a

contributing factor in intra-test sequencing. Although the test module

may appear well formed , it posses multi ple errors that would prevent

sequencing and final code generation . -

The methods used to ascertain the correctness of a test module are

dependent on the adj acency matr ix .  Because it contains the repre-

sentat ion for a ll con j ur ict. ions , ~issc rt ions , diagnoses , and variab les , it

reduces the necessity o retrieving the original source strings from

the associative memory.

25



TEST ONE ;

STIt~$JLI $S ONE(ONTi);

CONJWCFION A3:

(J22,GNI)) = SIN E D (Y ,VOLT , , 1, X SEC)

TARGET: Y , Z
SOURCE: N;

MEASUREMENT $M ONE(ONE) ;
- 

CONJUNCTION A2: ( J24 3, GND) = CONS T(27. 5 VOLT));

ASSERTION A4($M ONE):
X = Y  —

TARGET: Y,Z
SOURCE: X ;

ASSERTION A5($M ONE) :
X - 1 = Y  —

TARGET: X
SOURCE: Y;

ASSERTION A6($ M ONE) :
1< N

TARGET : Y
SOURCE: X;

DIAGNOSE Dl :
OPERATOR RESPONSE= (X)
TYPE = I) ;

FIGURE 4. 1 SAMPLE TEST ~ DDULE WITh UNDETECTED ERRORS
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Target variables and operator responses have special significance

in the preliminary analysis. To achieve successful sequencing of the

test module, the variables must explicitly adhere to the conventions

established in the NOPAL Language -Re ference Manual. Rather than

examining each statement in the test module, the analysis can be

expedited by using a special partition within the adjacency matrix

that contains all target and operator responses. Formally , the partition

consists of the cohnins that refer to variables and the rows that refer

to con j unctions assertions and diac~noses. The cornnonality of

variables in this partition is that the target variable is evaluated

after the conjunction or assertion is executed while the operator res-

ponse ol a diagnosis is set after the diagnostic.

The adjacency matrix for the sample test module is presented in

Figure 4.2. The relevant partition to the discussion is surrounded by

a heavy broken line. It contains all target and operator responses

in the test module. tin additional column labelled “?‘.ff” is inserted to

the right of cohniin nine. The contents ct this vector are the total

number of target variables per conj unction or assertion . It begins in

row I and terminates in row 5. Below row nine , an additional row labelled

“MU” is inserted. It  contains the t o t a l  number of times each variable is

defined to follow the conjunction , assertion , or diagnoses. Thus it is

calculated by adding the content of each column , and expanding the

partition to include diagnoses. Enhanced processing t ime is achieved by

using the ma t r ix  as well as the additional row and coli.nrn .

The next section describes the al gorithm that evalua tes the

relation s in the afo rementioned part i t ion .

27
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l 3 4  3~~~ 7 8 9

x V 2

1 CONJ A3 ) 
— 

1 
— — — — ~~

“ 1 2

2 CONJ A2- 
—

3 ASRT A4 ~~~. 1 1 ~~~~,,2 M F
, — _ _ _ : — ._

4 ASRT AS

5 ASRT A6. 1)

6 DIAG Dl— )
7 V A R  X > 1 1 1

8 VAR Y ,  1

9 VAR

2 3 2

MD

FIGURE 4 .2

ADJACEN CY MATRIX FOR St’NPLE TEST ~ )DULE - FIGURE 4. 1
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4 . 2  ALWRVIIiM PERFO }ININt ANALYSIS

Inconsistencies discussed in this  section are grouped in two

categories: 1) assertions that employ target variables and 2) con-

junctions, assertions , and diagnoses that employ the same target variable
* and/or operator response. A suiimury of the user messages is shown in

Figure 4.3. The overall classification of the message is on the left side

of the diagram , with the actual text on the right side. Each error or

warning message states the test module , the statement , the

associated variable , and the ambiguity . Abbreviations are not used to

avoid confusing the inexperienced user.

Mast of this analysis concerns the special conventions used with

assertions that employ target variables. Of special concern is that each

assertion may use only one target variable. The verification of this is

implemented by searching the “Ml” column in the sample test module. If

any sum is greater than one, the process continues to check whether the

node in the dictionary is an assertion . If this situation does occur,

the f i rs t erro r message of Figure 4.3 is issued. An example of this

type of error is shown with assertion A4 (Figure 4. 1) having two target

variable , v and z. The “2” in the fi rst position of Ml’ is not si gnifi-

cant as the dictiona ry node indicates tha t it is a conjunction .

Another convention pertaining to assertions that employ target

variables is that the variable must precede the equal sign. Expansions

or nxxl i heat ions by performing m u l t i p l i c a t i o n , d iv i s ion , subtraction , or

addition are not allowe d be fore the equal si gn. This convention is

consistent with the standard mathematical notation of placing the resul t

of a computation of the variable preceding the equa l si gn. The

29
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TYPE MESSAGE

I *[~}�J~(J}~ (ANBIGUITY) : IN ASSERTION OF TEST_____________

‘IlIERE ARE TWO OR ~‘ORE TARGET VARIABLES

_____ 
, I 

__________

2 *ERRO R (ANB IGUITY ) : EXPRESSION PRECEDING TIIE ’ ’  IN

ASSERTI ON ______OF TEST DOES

NOT MATQ-t li fE TARGET VARIABLE_________

3. ‘~WAPN IN C IN ASSERFI ON OF TEST__________

(INCONSISTENCY) :
A VARIABLE IS DECLARE D AS TARGET ; BUT ThE

RELATION OPERATOR IS NOT AN ’=: REPLACED

BY AN EQUAL SIGN.

4. ~WAI~NING VARIABLE ______OF TEST__________
( POSSIBLE A’~fi~IGU I TY) : —

IS DEFINED MJRE TI-lAN ONCE IN 
______

FIGURE 4. 3 SUM’1P~LRY OF ERROR/WARN I NG MESSAGES

30
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yen f icat  ion is implemented by ii rst searching the ‘‘Ml” column of the

adjacency mat r ix  to ascertain whether the wavefon-n employs a target

variable. If any sum in this column is greater than one , the process

continues to check whether the node in the dictionary is an assertion.
* Then the targe t variable indicated within the isolated partition is

cohipa red to the text retrieved from the associative memory wh i ch pre-

cede s the equal si gn. I i  both expressions are not equivalent , the

second user message in Fi gure 4 . 3 is issued. An example of this type

of ambiguity is shown in assert ions AS and A6. (Figure 4.1) Target

variables \ or 2 used in A4 are di fferent than X , the actual expression

wh ich precedes the coual si~~ . Al so target variab le X of Assert ion AS ~S

diffe rent than the actual expression “x-l” which precedes the equa l sign .

The equal sign is the sole operator peni~itted when assertions employ

target variables. The implementation strategy is similar to the

assertion categories already discussed. By evaluating “Ml” and the

dic tionary, assertions are located that employ target variables. ~ ice

these assert ions are ~a’~own , the operator is retrieved from the associative

memory. If it is not an equal si gn, the third user message is issued.

concurrently , the operator is changed to an equal sign in the associative

memory . For example assertion A6 exhibits this characteristic by using -

a less than operator instead of am equal si gn.

Should the same variable he the target of a conjunction of assertion ,

and also the operator response of a diagnose , there cxi sts a possihi i i  tv

that the user has made an error by mult ipley def in ing the variable. The

implementation is di fferent from the preceding three as t he par t it ion

(Figure ~~~ ) is expanded to include ope rator responses. This is
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accomplished by inc l uding the ~J i agnes is rows as shown in the c ire le

surrounding cohm~ s 7 , S ,9 of row 6.

(~icc the par t i t ion  is enlarged, the sum of each coltmui is stored

in an additiona l row , “~fl Y ’ , located at the bottom of the adj acency

matrix.  The contents of “Ml)” indicate  the total number of times each

variab le is defined as target to a conjunction , targe t to an assert i on ,

and the operator response of a diagnosis.  If any sum is greater than

one , the fourth user message is issued . The sample test module (Fi gure

4. 1) displays three examples of this ambiguity. They are :

1) variable X defined in assert ion AS and diagnosis 1)1 .

2) variable Y defined in assertion s A4 , A( and conj unction A3.

3) variable 2 defined in assertion A4 and conjunction A3 .

The process of performing the analysis discussed in this section

is sLmm~lrized in the algorithm of Figure 4.4. Mast of the analyses are

per fo nned simply by going u~, down, and across the adjacency matrix

searchin g for “1 ‘ s” indicating predetermined relations.

Even though a procedure successfully ~ 1SSCS the preliminary analysis

covered in th is  section and in svnta~ analysis , it does not necessarily

guarantee that there arc no hidden or infe rred amb iguities. For example

the sample test module ~OSSCSSCS a circular defini t ion that cannot be

sequenced. Discovering its existence is a non-trivi al task whose com-

plexity may he seen 1w a t tempt ing  to manual lv locate i t .  Just as it is -

a di ff icu It process in a short test module of only six lines , imagine

the difficult y when using a test module exceeding f i f ty  l ines . The

complexity of detecting these inconsistencies manually led to the

developi’ient of an aut~~at Ic process of checking a l l  test modules for

this type of inconsistency.

-— - - ——— - - —~~~ ~~~—-— . . ,
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SUM\tARI ALC~JR Vfl IM

PRELIMINARY ANALYSIS OF ‘flU’ ADJACENCY MATRIX

LET ‘~W = NUMBER OF CONJUNCTI ONS AN!) ASSERTI ONS IN ADJACENCY MATRIX

LET ~‘D = NUMBER OF DIAGNOSES IN ADJACENCY MATRIX

LET NV = NUMBER OF VARIABLES IN ADJACENCY MATRIX

LET ~#N = TOTAL NUMB ER OF CONJUN CTIONS , ASSERTIONS , DIAGI’USES, VARIABLES

LET 1 IOMI = + I

LET DICTIONARY (N) LIST OF CONJUNCTION , ASSERTI ON , DIAGNOSI S ,

AND VAR IABLE LABE LS. (SIZE DETE RMINED BY N)

LET ADJACENCY MATR IX(N ,N) = MATRIX SliD-I ThAT EAQ POSITION CORRESPONDS -

‘ID ThE LABEL IN POSITION X OF ThE DICT I ONARY .

1. /~ b-ORE ThAN 1 TARGET VARIABLE PER ASSERTION N

2.  PERFORM 3-6 FOR EMil CONJ1JN CTICN AND ASSERTION (1=1 to NW)

3. #E=0

4. IF  DICTI Ct ’4AR Y(I ) IS AN ASSERTION ThEN

PERFORM S FOR EAQI POSSIBLE TARGET VARIABLE (J=HOM1 TO N)

5. IF ADJACENCY MA TRIX(I , J) = ‘1’ THEN NE = N E + 1

6. IF NE > 1 THEN PRINT ERROR #1

7. 1* TARGET VARIABLE MUST PRECEDE ARITH OPERATOR */

8. PERFORM 9-12 FOR EAQI CONJUNCTION AND ASSERTION (1=1 ‘ID NW)

9. IF 1)1 CT I ONARY (I) IS AN ASSERT ION 11 LEN

I’ElWO l~M 10- 12 FOR EAG~ POSSIBLE TARGET VAR IABLE (J=I IOMl TO N)

10. IF ADJACENCY MATRIX (I ,J) = ‘1’ ‘l}IEN

PERFORM 11-12

FIGURE 4.4
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11. RETRIEVE TE XT PRE CEDING OPERATOR

12. IF TEXT 7 = DICTI ON ARY (J) Ti ll-N PRINT ERROR #2

13. 1* ASSERTIONS AR IThMETIC OPERATOR ~/
14. PERFORM 15-18 FOR EACH (DNJ1JNCf ION ANI) ASSERTION ( 1= 1 TO N W) ;

15. IF DICT IONARY( I) IS AN ASSERTICN 1ILEN

PERFORM 16-18

16. # E = 0

17. RETRIEV E OPERATOR FROM ThE ASSOCIATIVE MEMJRY

18. IF OPERATO R IS NOT EQUAL TO ‘ = ‘ THEN PRINT ER1~JR #3

AND REPLACE ASSERTION ’ S OPERATOR IN ThE ASSOCIATIVE MEMJRY WITH ‘= ‘ •

19. /* MULTI PLEY DEF iNED TARGET VARIABLES ~/
20. PERFORM 21-24 FOR EACH VARiABLE (I = HOM1 ‘ID N)

21. NE = 0

22. PERFORM 23 FOR EACH WNJ~~CTION , ASSERTION , DIAGNOSIS (J=l ‘ID
#~ + N D)

23. IF ADJACENCY MA TRIX(J , I) = ‘1’ ThEN N E = N E + 1

24. IF N E > 1 11[EN PRINT ERROR #4

25. END

FIGURE 4.4
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S~ P U l l  M M RI X

li i i  sect ion di seiisscs th e process ci detect i i i ~ c i r c u l a r  d e f i n i t i o n s

that mi ght exist in the di graph. I t  corresponds to th e t h i r d  box w i t h i n

the cent er part it ion ot the NOI’AL processor diagram ( Fi gu re 1 . 2) . The

imp! ementat ~on is  achIeved b coust rue t ing a ‘path ’ mat r ix  t - o reveal

direct and iiup l ied paths. Trans it lye ci. circular definitions arc casi I)’

i so la ted in t h i s  m a t r i x .  Upon detect ion , add i t i ona I proc essing is

subsequent Iv per formed t o I sol Jt e the i r exact  node s and report them to the

u ser .  ~-ec t i on 5. 1 discusses  an ove rv i ew of t he process whil e sect ion S. 2

~k ’t a i i .  t lie , i  i gori thm which constructs  the path m a t r i x .

I ~~H~\ L  I~l~ OF DETFCI’ !NG c IRCUl A R U E F I N I ’ I ’ I ONS

As the ntuiia’r of I i  graph nodes increase , there exis t  s a greater

1)055th i l i t  v ci generating a eve I c .  A cycle is defined as a sequence of

inter•connectcd nodes such tha t  the Ii na 1 node and the bcginnin~ node

are th e sank ’ . Situ p Iv i t  is a closed ioop , or endless sequence of test

statements. Tb is amb I gu t  t v must he correc ted be lore proceeding to the

~~~~~~ i ni~ phase of the NOPAI 1 rocessoi

A sa mp le di grap h c o n t a i n i n g  c i r c u l a r  amb i g u i t y  is shown in Fi gu re 5. 1

The di g r ;iph node s correspond t o  di et iona rv l ab e l s  “1’ , “2” . “3” , “4” , ~“.

11w most obvious eve Ic pr’scut e x i s t  s between nodes ‘‘I’ ’  and ‘‘5’’ . Node ‘‘1’’

has a direct path to node “S” ; s i m i  Iarl v node “5” has a dir ect pa th to

node “I” . ilie rc lore node “1” m~~ t precede node “5” AN !) node “5” must

precede node ‘‘l ’’ . Th i s auth I gu i t  v S one of n~iny present w i t h i n  the di graph

ha t mit ~. t he de tec ted  be lo re proceed tu g  to t h e  i i t t  ra t es t  sequencing.

I i al l te st modules con t a  itie d less than ten positions , then detect t ug

closed i oops would he tri vial. By gencrat ing a pictorial graph of the

test mo~kiIt , the user could th en examine i t  to very i iv i t  i s  ~‘vc le t.ree

3



However as the size of test modules grows , exceeding fi f ty positions , the

manual process becomes increasingly complex. Perfo rming this function

manually is inappropriate for a general purpose system which promotes the

simplification of specifying test situations. Thus an automatic algorithm

was incorporated to detect the presence of circular def in i t ions .

The adj acency nvitrix for the di graph (Fi gure 5.1) is presented in

Fi gure 5.2.  Each path is a di rect l ink between two digraph nodes. For

example the path emanating from node “4” and terminating at node “5” is

indicated in the fi fth column of the fou rth row. Indirect paths su~h

as the one beg inning at node “4” continuing through nodes “2” , “1” ,

• - “3”, and ultimately terminating at node “4” are not shown in this  matrix.

Art efficient method to detect circular definitions involves creating

a matrix that exhibits all paths. A 
~~~~ 

matri x if formed as a t ran s-

- - formation of the adjacency matrix that accomplishes this goal. Formally

the path matrix indicates the existence of paths regardless of length

from node i to node j. It is sometimes referred to as a ‘reachability ’

matrix due to its attribute of display ing a sunuliary of nodes which may be

reached from other nodes .

The path matrix for the sar~ 1e digraph is presented in Fi gure 5.3.

Every entry has a “1” showing that any node may reach any othe r node includ-

ing itsel f. For example node “4” may reach nodes “1” , “2” , “3” , “4” . In

essence this matrix reports the existence of all paths , direct or indirect .
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FIGURE 5.1

~~~~~ DIGRAPI l WITh CYCLE

1 2 3 4 5  1 2 3 4 5
a ..

i 0 0 1 1 1 l~~l~•~~i 1 1 1

2 1 0 0 0 0 2 f., i’.,i 1 1

3 0 0 0 1 1 3 1 ]‘i ’.,i 1
• S

. •.
4 0 0 0 0 1 1 1 l . l”~

S

~ ~ I. 0 0 0 
~ i 

~. ~ .

ADJACENCY MATRIX FOR PATH MATRIX FOR
SAMPLE DIGRAPI-! SAMPLE DIGRAPI-l

FIGURE 5.2 FIGURE 5.3

‘1’ ON DIAGONAL INDICATES
CYCLES IN DIGRAPH
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Although it is possible to derive circular definitions directly from

the adjacency matrix , it is not a computationally efficient approach.

Once the path itiatrix is created , the presence of one or more cycles is

detected by searching for a “1” on the diagonal. If there are no cycles

in the graph, the system procedes to the next phase, precedence deter-

mination. Otherwise, the nodes that constitute the closed loop are

determined using the ‘cycle ’ procedure shown in Section 6.

• The following section explains the transformation performed to

produce the path matrix.

5. 2 CONSTRUCTING ThE PAll-I MATRI X

The path matrix (P) consists of ones and zeroes with a “1” in row i

and column j if there is a path from node i to node j. The procedure used

to construct this matrix is adapted from Warshall’s algorithm [Wa rshall .

1962] summari zed in Figure 5.4.

The techn ique begins by copy ing the adj acency matrix into an empty

path mat r ix .  The coli,mn s of the path matrix are then traversed searching

for “l’s”. For each “1” in P i j .  a path exists from node i to node j .

There fore any path from node j is also conunon to node i .  Each path (k)

frc~n row j is copied to the k column of row i.

For example the adjacency matrix of Figure 5.2 shows node “1” having

paths to node s “3” , “4” , “5” . ‘The sole path in node “2” is to node “1” .

Since node ‘‘1’’ can be reached from tiode ‘‘2’’ , a I I paths from node ‘‘1 ’’ Can

also be indi rectly reached from node “2” . ‘11w al gorithm continues by

placing “l’ s” in column “3” , “4” , “5’’ of row 2.

The constructed path matrix reveals the presence of cycles by

exhibiting “l’ s” on any diagonal . The next sect ion (6) explains the
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process of enumerating the distinct nodes that constitute the cycle.

P = path matrix
A = adjacency matrix
n = number of nodes in digraph

1. Lct P = A ( f o r all ij)

2. S e t j = l

3. S e t i = l
• 4. IF Pij = “1” then Pik = Pik Pjk (fo r all k=1 to n)

5. S e t i = i÷ l ;  i f i = n , TIlEN go to 4

6. Set j  = j+ 1; If j  = n , then go to 3; else return ;

ALGORITHM TO CONSTRUCT PATh MATRIX
FIGURE 5.4

~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ . 
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6. EN1I4ERATLNG CIRCULA R DEFINiTIONS

This section discusses the procedure which locates the exact

statements constituting ci rcular definitions . The implementation is

associated to the fourth box within the center partition of the NOPAL

processor diagram (Fi gure 1.2) . It is invoked, if and only if, cycles

are detected on the diagonal of the path matrix. In essence , the

algorithm provides a user aid for debugging inconsistencies in the test

module. The discussion begins with a general overview of the technique

employed followed by an illustration.

6.1 BUILDING TREES TO LOCATE CIRCULAR DEFINITI ON S

There are three parameters used to isolate circular definitions

within the di graph . They are the adj acency matrix (A) , the path matrix

(P) , and the number of nodes (n) in the digraph. The algorithm finds

cycles by the principle that node i is in a cycle with node k, if Aik

~ki 
= l i.e. there is a path from node i to node k and a path from

node k back to the node i. Formally, the extension of digraph paths

adequately traces circular definitions.

Extended paths isolating circular defini t ions are referred to as

trees. A t ree is a set of connected nodes that beg in at a predetermined

root or top node , and continue to a tenidnal ’or final node. At each inter-

val , as the tree increases ii~ length , the terminal node ‘is compared to the

root node. If they are equivalent the tree is circularly defined. Else

the tree continues to grow un ti l  the end of the path is reached or the

tree length exceeds the number of nodes in the di graph.

Mapted from .[}3crztiss , 197 ) ]  the tree generating al gorithm is

40
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summarized in Fi gure 6.1. It comcnces by bui lding the tree beginning

with node “1” where each extension is:

A . x P. “1” (i=l to n)11 ii
Figure 6.2  shows a sample di graph , its ’ adjacency matrix , and the

constructed trees. The algorithm deletes past root columns and rows to

expedite processing. Figure 6.3  i l lustrates the output produced

from the “cycles” algorithm invoked to evaluate the sample digraph. The

error message explicitly defines ambiguous nodes.

There are several methods which mi ght he used to correct the

circular inconsistency. The user should initially begin by reviewing the

NOPAI, Test Specification Report to verify that the statements and variables

correspond to the intended source file. The next logical procedure

is to scan the Cross Reference and Attribute Report for the existence

of slightly different labels , which may be the result of typographical

error. The Adj acency Matrix Report is useful because it reproduces

the system interpretation of the test module. Wa rning and error

messages produced during the preliminary analysis of the adj acency

matrix may be the best clue to those variables incorrectly defined.

The above methods combined wi th  the output from “cycles” provide

extensive diagnostic assistance.

41 
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Let A = Adjacency Matrix
Let P = Path Matrix
Let N = Number of notes in Digraph
Let Root = Beg inning node of tree
Let Leve l = Number of nodes in tree
Let Path(k) = Actual nodes in tree

Al gorithm CYCLES : Cycle Enume rat i on

Step 1. Root = 1
Step 2. (initiate tree ; steps 2 to 6):

Set REAQ-IJ (k) = Root (fo r k=Root to n)
Step 3. Set USED (k) = 0 (for k Root to n)
Step 4. Set level=l.
Step 5. PATh (l) Root.
Step 6. Set i=Root.

Step 7. (Test if current path can be extended with nodes in a cycle:
Steps 7- il ) :

IF REAQ-U (i) > n then go to Step 12.
Step S. Set j REAGIJ (i).
Step 9. If A (i,j)*P(j,Root)=l and ~I USED (j)  then go to Step 18.
Step 10. Set j = j + l .
Step 11. If j < =n then go to Step 9.

Step 12. (Backtrack in tree, resetting REAQIJ and USED
Steps 12 through 17):
Set REACI-IJ (i) = Root.

Step 13. Set USED (i) = 0.
Step 14. Set level=level-l.
Step iS. If level=0 then go to Step 26.
Step 16. Set i = PATh (level).
Step 17. (b to Step “

.

Step 18. (Extend path; Steps IS through 23)
Set USED ( j )  = 1.

Step 19. Set REAI] LJ ( i)  = j+l
Step 20. Set levei=level - I.
Step 21. Set PAu l (level) = i .
Step 22. Set j j ~
Step 23. If j -~=Root then go to Step 7.

Step 24. (Print Cyclic Path~:Print PATH (k), k = 1 to level (~iessage “7).
Step 25. ~~~~ to Step )3.
Step 2(). Set Root=Root+I.
Step 27. 11 Root ~~ = n then go to Step 2.
Step 28. Return

‘‘CYCLES AI.GORITI ll~?’

FIGURE 6. 1
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SN’4PLE DIGRAPH , ADJACENCY MATRIX , fi~ND TREES

FIGURE 6.2

ERROR (Circular definition) : The following group of items in test above

are circularly defined:

A ,C ,D ,E ,A
A ,C,D,E,B,A
A ,C ,E ,A
A ,C,E,B ,A
A ,D ,E ,A
A,D,E,B,A
A ,E,A
A,Ii,B,A

SNvIPLE OU~PIJT’ FR~~ CYCLE ENU1ERATING PROCEI1IRE .ANALYZING

DIGRAPI-! OF FIGURE 6.2

FIGURE 6.3
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7. PRECEDU~CE DETERM I NAF ION ANP SEQUENCING ALGORI11IM

This Section discusses the final phase of intra test sequencing

shown by the fifth box in the center partition of the NOPAL processor

diagram (Figure 1.2). The theme of this section is the algorithm which

automatically sequences the non-procedural source input statements.

The reoidered statements are included in an optional ‘ fi o~~hart ’ report

for user convenience. After successfully ordering the NOPAL statements,

code is automatically generated and stored on a disk file by the

processor.

• The implementation algorithm is adapted from [Berztiss , 19711

analysis of paths and cycles in di graphs . The computer program is

an adaptation of a program written by Adam Pin in his Ph.D.

dissertation IRin, 1976} .  Rius implementation automatically generates

a business applications program from non-procedural source specifi-

cation statements. Although the appi. cation is functionally different

than devising techniques to generate programs for automatic test equip-

ment; the sequencing process for non-procedural input is fundamentally

equivalent .

The following sections present an overview of the sequencing

algorithm followed by an example including the optional flowchart

report .
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7.1 OVERVIEW OF 1~RECF.DENCE DETE RMINATION

The comprehensive design of the adjacency matrix insures that it

contains the necessary information for intra-test sequencing. After

complex error analysis verifies the validity of the digraph, the nodes

are ranked according to precedence and reordered according to their

rank.

The easiest method to implement the- sequencing strategy is through

matrix multiplication . For example , the adjacency matrix A , displays

paths of length 1 from i to j. A2 displays paths of length 2. Formally

A~ displays the paths of length j .  At each stage of the matrix multi-

plication , the column of the current rank set contains all zeros; having

no predecessor with the current length path. Employing a well formed

digraph , the algorithm terminates when all entries in A are zero

requiring at most n stages (j  = n).

Although the above approach is straight-forward, it is not the

most efficient implementation because the matrix multiplication requires

steps. A much quicker algorithm to sequence the digraph nodes is

given in algorithm “preceed” (Figure 7.1). This algorithm analyzes

the original matrix in n2 steps without performing multiplications.

The algorithm werks by first finding all the nodes of rank 0;

i.e. all the nodes which do not have precedents (Step 2). This is

simply all the nodes which have al l  zeros in their cohmui (in Step 2,

these arc all column nodes j that are put in set 0(0); the “i” in

the condition are the row entries in each such column j ) .  These

nodes become the elements of rank set D(0) , and the rank of all such

45



Al gorithm (PRECE EI)) : Precedence Determination

the following symbols are used :

A The input n x n adjacency matrix (row and column for each node)

i row index for A

j column index for A

D a vector of “rank sets ”; each rank set (element of the vector)

consists of a set of nodes at that rank .

1 rank counter; index to 0 (i.e. in the algorithm , D(l) is the

set of nodes of rank 1 ; D(l-i.) is the set of nodes of rank 1-2 etc.)

n the number of nodes ; also the number of rows and columns of A;

also the number of elements in vectors R and 0.

P is set successively to each node in the previous rank set,

D(l-j .,) ; indexes row of A

q is set successively to each node in the current rank set 0(1) ;

indexes column of A; also indexes R

R the “rank vector” that is produced (has n elements) ; the index

to R is a node number; the value of each element of R gives the rank

of that node ; e.g. R (q) gives the rank of node q.

0 the “order vector” produced (has n elements); the indices to 0

are the sequence or step numbers (1 ,2 ,3,...); the value at each element

of 0 is the node number to be executed at that position .

Al.(OR [TI [H (r’RE(:EED) I’RECEI)ENCE DEI’ERM [NAT IC~
FIGURE 7.1
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ALCORITI N EXPLANAT I (~
1 I n i t i al i . e  R to all zeros In i t ia l ly  Rank vector a l l  0.

2 = V~ (A~ = 0)~ Nodes of rank 0 consist of
( a l l  those which have no

precedents

If  D~ = ~ then go to 9 i .e.  all 0 column

3 1 *- 0 Index for rank set
• i n i t i a l ly  0

4 l+— l÷l 
- 

-

If 1 = n , ~o to 9

s 
~ ~ 1 ~L r )~ i~3. Next rank set consists of

Pt D m . ~ all those nodes which depend
on something in the previous
ran k

0 ~— t ( - ~~ £ All nodes in current rank
set are ranked with level 1

7 If D~* 0 then go to 4 If there are still  nodes
otherwise go to step 8 in current rank set , go back

to find next rank set

S Set Order vector to
Rearranged nodes in Rank Nodes are now ranked;
ascendin g order simply rearrange nodes
(normal exit) in rank order

9 There exists at least 1 This is because the algorithm
one cycle somewhere in has r~one thru n rank sets
the di gra ph and dependencies still

exist  on last one

•\ 1 .CI. )R I’I’H~\l PREC I ~I ~I ) : I~R~CI~I )1 ~NCF 1) 1 ThI~\I I N.\T I ~\FICIII Ui . 1
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nodes to set to 0.

Secondly , the nodes of rank 1 are direct descendants of nodes

in rank 0; similiarly the nodes of rank 2 depend on nodes in rank 1

(possibly updating the previous rank of some nodes) ; and so forth

(Steps 3-6).

At each stage , the algorithm has to check the rows of the previous

set of nodes for direct descendants (Step 5). After the nodes have

thereby been partitioned into rank sets, the order of execution of

the nodes is simply a re-arrangement of the nodes according to their

rank (Step 8). The result of this algorithm is an order vector 0,

where 0(i) is the node to be executed at step i.

The algorithm terminates when either all nodes have been ordered

or, theoretically if a cycle exists in a network. The latter is

impossible , however, because any cycle would have been detected in the

earlier cycle detection and enumeration algori thm , and the processor

would not have reached this point.

To best illustrate the use of this algorithm, it is applied to the

adjacency matrix of Figure 7.2 which corresponds to the test module in

Figure 2.2. Beneath the adj acency matrix (Fi gure 7.3) is the rank set

with 5 partitions of sequenced nodes . Explicitly nodes 1,4 , 5 of D(0)

must precede node 7 of 0( 1). Similarly node 7 must precede node 2 in

0(2). Node 2 must precede nodes 8 and 9 in 0(3). Finally nodes 3 and

() Ui 0(4) are the last I1OdCS to be executed.

The existence of multiple nodes per partition such as in 0(0),

0(3), 0(4) indicate the possibility of executing the nodes in parallel.
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The present system uses a sing le central processing ~nI i t ;  thus multi ple

nodes per part i t ion are executed sequentially. As the research into

parallel processing continues, future systems may better ut i l ize this

cha racter is t ic .

A reorganization of the statement s is produced in the Intra Test

Sequencing Report of Figure 7. 4 . This report, which resembles a flow-

chart, lists the reordered statements within a particular test module.

Statement and variable names with the actual rank vector are included

for completeness. The actual logic for generating diagnoses is not

included as it is not employed during the sequencing of statements.

• The variables are classified as global , local , source and target. The

report which is generated by setting “SEQOVr ” to 1 or 2 when invoking

the NOPAL p rocessor1 is a comprehensive s~u~unary of the sequenced test

module .
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APPENDIX A

Al COMPUTER PROGRAMS FOR INTRA TEST SEQUENCING: INTRODUCI’1(14

The diagram below (Figure Al) illustrates the organization of computer

programs used to implement intra-test sequencing. The top portion of the

diagram is the main procedure which issues the control logic to invoke

specific modules perfo rming uni que sequencing functions. The bottom portion

of the diagram presents three separate boxes each performing tasks used in

this phase and shared by other phases of the NOPAL processor. Thgether the

top and bottom portions constitute the five phases of intra-test sequencing.

The obj ective of each box is written in the first line followed by the

corresponding computer program names. Each program name is surrounded by

double quetes to easily distinguish their presence in the diagram. This

diagram arrangement is functionall y similar to the center partition of the

NOPAL Processor Diagram showing Tntra Test Analysis (Fic’ure 1.2). Mile both

inclt~1c functional performance at each phase , Iliagram Al is more comprehensive.

Also stating those computer programs responsible for the implementation.

The box labelled “INTSEQ” is the main control procedure of the process.

It contains sub-procedures that are exclusively used for int ra test

sequencing. Three procedures, “WAVUR)RM LOADER”, “ DIAG LOADER’: and “LOCATE”

exclusively construct the adjacency matrix. Together they are shown

in the first box in Diagram Al , which corresponds to the first box of the

center partition of Diagram 1.2. “WMEFORM LOADER” retrieves

conjunctions and assertions from the associat ive memory to collect a list

ol vari ables used . “l)IAG f,OAJ)ER” ret rieves di;igriosc.’s From the associative

memory , also collect ing a l i s t  of var iab les  used . 1~oth of these programs

rely upon “LOCATE” to e l iminate  redun dan t entries to produce a complete
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list of variables used -in the test module entries.

The preliminary analysis of the Adjacency Matrix is located in

the second box of Diagram Al. It employs the computer program “Q-IECK”

• and “LOOK” to accomplish its analysis. The third box performs the

transformation of the Adjacency Matrix to that of a path matrix. It

employs the computer program “CRPATH”. Directly below the third box ,

the computer program “CYCLES” identifies the nodes or statements that

are circularly defined. The fi fth box located at the bottom of the page

performs the actual sequencing of statements within the test module.

The computer program ‘PRECEED’ performs this function.

All reports are issued from within the main procedure ‘ INTSEQ ’ .

Included are the Adjacency Matrix Report and the Flowchart Report

shown on in the right portion of the box. Specifically computer pro-

grains “MATRIX PRINT ” and ‘SYM PRINT ’ produce the Adjacency Matrix

Report; and the computer program “PR SEQ” produces the Flowchart Report.

The preliminary analysis of the adjacency matrix produces error

listings directly from precedures “check” and “Look” (Box #2) .

A special index follows (Fi gure A2) linking the functional des-

cri pt ion to respective program modules . It is a quick stmma ry to help

the user locate the page number of a specific computer program.
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I NTRJ\ TEST SEQUENCING

FUNCTI ON COMPUTE R MJIXJLES PAGE Ca41~~TS

invokin g intra INSEQ A5 contains data
test sequencing structures and

control logic
for sequencing

construct the
adjacency WAVEFORM LOADER 110
matrix DIAG LOADER All

LOCATE A12

preliminary
analysis of Q-IECK A14
the adjacency LOOK A16

• matrix

adjacency matrix MATRIX PRINT A17 set SEQOPT
report SYM PRINT P.18 when invoking

NOPAL processor

construct path CRPATI-IS A24
matri x

locate cycles CYCLES A25

sequencing PRECEED A27

sequencing PR SEQ set SEQOPT = 1
report or 2 when in-

voking NOPAL
processor

FUN CTI ONAL DESCRI PT ION AND PROGRAM ~ )DIJLES

El (IURE A2
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INTSE Q: pR oc (RE G IrJ);
/s * *  UN~ CO~~ VERSION •* *,
/*THIS PROCEDURE CREAT E S THE ADJ A CEN CY rIATRIX USED FOR
INTRA MOD ULE SEQUENCI N G. THE AC 1 U A L  M A T R I X  IS 4 CONTROLLED
VARI AB L I STRUCTURE : THUS OPTI MIZ IN G ON THE SYSTEM MEMORY.
IT B(G1NS BY CO~p NTj NG THE NUME3[R OF ~JAV [FORM S (BOTH STIMU LI
AND M (ASU REME NT ) ,V A R IA B L E S IBOT H SOURCE AND TARGET ) , AND
DIAGNOSIS TO OLTER MI NE THE SIZE OF Tr4 E MATRIX.
ONCE THE ADJACE N CY M A T R I X  IS CO~jSTRUCTED , ERROR DETECTION AND

-
. 
INTERNAL SE QUEN C IN G FOLLOW..

THERE ARE THREE NEW DATA STRUCTURES. THEY ARE ‘A ’ ,’HOMER’ , AND
A -A CON TROL LED STRUCTURE WH OSE SIZE IS DETE RMI NE D BY SUM TOTAL

OF THE NU~~t~ER OF O IA G .S ,VA R IAF 3L[S, AND W A V E F O R M S .
HOMER- A CONTR O LLED STRUCTURE THAT PoI”TS BACK TO THE

D IRE C TOR Y (KEYNO OE ) . THIS ENABLE S EVER Y ADDRESS IN A THE
ABILI TY To T p A C~ BACK TO ITS STORA GE [W IRY IN THE D IRECTORY.

VAR-A CONTRO LLED STRUC TURE USED TO COLLECT ALL SOU RCE AND TA RGE T
REFERENCE S. THE F iR S T  COLUM N IND ICA TES ‘SOURCE’
ThE SECOND IN DICATES ‘TARGEX’ . THE FIRST ROW
OF BOTH COLUMNS STORES THE NUMBER OF V.ARI ~A B L ES P L A C E D
ir~ EACH CCLUMN .

D IAG -A CONTROLLED STRUCTURE USED TO COLLECT ALL DIAGNOSE
• R IFERENCES . THE FIRST ROW INDICATE S THE NUMBER OF D IAG LBLS.

• */

DCL 1 SYMBO L ( 200 ) EXT . /* 2-TABLE DIRECTOR *1
2 KEYNAM E CHA R ( 12 ) VAR ,
(2 UP, 2 DOWN . 2 TYPL IST) FIXED B IN I

DCL 1 I~EYNODE ( 300 ) EXT .
(2 KEYTYPE , 2 TYPL INK , 2 NEXTYPE, 2 HOME ) FIXED BIN,
2 REFL IST PIR ;

DCL 1 STORAGE_ EN TRY BASED STO_ PTR )
2 DATA PIN . 2 *H~EYS FIXED BIN.
2 KET ENTRY (r i REFER (flKEYS)) ,

3 NAME FIXED BIN , 3 N EXT PTR ;
DCL 1 ANY BA SED 1D P ) • 1* INCLUDE TA B L E _ E N T R Y  *1

(2 TYPE . 2 STMT1fl FIXE r) B IN ,
(2 ALIAS , 2 EN TRY _ SEO~~) FI XED BIN,
2 FTYpE CN A R I 1 ) ;

DCL 1 TEST BASED (OP )
12 TYPE , 2 STM TtS ) FIXED BIN ,
(2 STIM~ 2 MEAS , 2 LOG ) PIR i

DCL 1 WAVEFORMS ALIG N ED BASED (DP ) ,
(2 TYPE , 2 STrI TU) FIXED BIN ,
(2 S_ LI ST , 2 T L IST) PTR .
(2 TEST_ LRL . 2 RREF._ LBL) F IXED flfl.J,
2 T R i P L E T ,

3 POINTER PTR, 3 FLAG f3 ITIl) ;
DCL i WAV E FORMS _ LEVEL BA SED (TP )

2 flWAVEFO HMS FIXED BIN.
2 £IJ TRY( M RE F [R(nW AVE FORM S ) ) .

3 wAV E FoR M PTR, 3 LEVEL F IXED BIN I
DCL 1 D IAGN OS IS BA SE (l(OP )

(2 TYPE. 2 STM T~4) FIX ED BIN ,
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2 USED - PTR .
2 OP _MSG ,

3 AFFECTED _ COMP PTR . 3 UTHER _ PARM S PTR .
3 TYPE FIXED BIN ,
3 T IM IN G ,

4. VALUE DEC FLOAT , ‘e DIM CHAR (12),
2 OP_RPS ,

3 VAR _ PT R PTR , 3 Y_ N CHAR d );
DCL I NSG _p A R r~ RA SED lIP )

2 I$PARM S FIXED B IN.
2 PARM (NC RE FER(M SG_ PA RM.fl PA NM S )),

3 TYPE FIX ED BIN , 3 PNTR PTR ;
DCL 1 LOGIC BASED (DP),

(2 TYPE, 2 STM T N ) FIXED BIN ,
2 ~ENTRy FIXED BIN ,
2 ENTRY (NC REFER (t$ENTRY )) ,
3 OPERA TOR rHA R (4) ,
3 D I A G _~~BL F IXED 81N

DCL 1 STIM _ M EA S B ASED (DP) ,
(2 TYPE . 2 STM T # ) FIXED 61N ,
2 WAV E F O RM S_ PTR P T R ;

DCL 1 STR BASED (TP)
2 ~CHA R F IXE n BI fj ,
2 TEXT CHAR(L S REFER (STR . U CHA R ) ) ;

DCL PLACE FIXED BIN;
DCL 1 LIST _ V A L  E3A SED( TP )

2 ~V A L FIXED B IN,
2 VAL (N R C FER( L IST_ V AL. U V A L )~ F I X E D  B IN

DCL 1 LIST _ pIg E3A SED (T P)
2 t~PTR FI yED B IN .
2 PTR (N REFE~~(L.IST..p TR.tlP TR) ) PTR~

DCL 1 DCL ALIG NE D I3ASED(TP )
2 ID FIXED B IN, 2 DESCRIPT OR PTR ,
2 SCOpE B TT (l ) ,  2 LINK PTR

DCL 1 IF_ CELL ALIG NE D BASED (TP) .
(2 TRUE ...PAR T , 2 FALS E _ PART) PTR ,
2 CF B IT(1 ) , 2 U CHAR FIXED BIN.
2 CONDITION CHAR (LS RE FER (IF_ CLLL. t $CNAR )) ;

DCL 1 SIMPLE_ COr .J J BASED (TP) ,
2 ~TRIpLET FIXED  BIN ,
2 TRIPLET (NO REFER U THIPLET)) ,
3 CDE PTR. 3 RELATIO N CH t,R (1) , 3 F~~ PTR ;

DCL SA FIXED BIN EXT ; 1* FOR ALPMAM (RI C (=2) */
DCL NAME S (3 1) C HAR I 12 ) VA R EXT ;

~CL TYPES (3~, F IXE D B IN EXT;
DCL (STO_ P T R , f l P ,TP ,SP) PIR
DCL ISPEC *I ,TESTi , ,STIt I U ,M EA S tt ,OIA G fl ,MSG)t ,LOGIC ~~,CONJ U ,A SRTt( ,

COMP~~,CM PFLU ,UU TPT tS ,A TEPT fl ,FU N C fl ,V A R U ,END~~) FIXED BIN EXT ;
OCL RPTRS ( 200 ) PTR ;

DCL A (N ,N) 611(1) INIT (Ir ,J*U )( ’O’)) CONTROLLED i
DCL P (~.J,M ) BIT (i) CONTR OLLED;
OCL O~ DER (N) FIXED ~ IN EXT ~O~jTROLLEU ;

D L .  $Sf l l(N) CH~~~( 12 ) VA R Y I N G  CONTROLLED ;
DCL M O ti_ NODE SLZE ) FIXED BUd CONT ROLLED;

DCL HOM .PTR (SIZE ) PTF( CONTROLLED
DCL VN OOE (200) F IXED BIN; DCL VPTR (200 ) PTR ;

DCL (ER R _ CNT .NO _ W A R N )  FIXED BIN EXT (
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DCL (UV .flM (AS ,*SO IA G,fl ST IM,~~W , N , S I Z ~~.HOM) FiXED BIN;
DCL SEQOPT FIXED BIN EX T ;
DCL D IAG ( 200 ) PTR1
DCL (MLA S_ CO P ,JJ ,STIM _ CONJ ) FIXED BIN IN IT (0);
OCL(BE GIN ,T _ PTR ,TP .LEVEL ,W_ PTR ,P3_ rTR) PTR ;
DCL (TTP ,TPM_ LEV EL ,TPS _ L E V C L .L J E W _ V A R )  PTR
DCL (TP _ PARM S ,T P_ OPERATOR ) PTa;

DCL ( SNAME ,SCON J , SASRT,SDIAG ) CHAR d 12 ) VARYING;
DCL STYPE CHAR I5) VARYI NG. $ I C H A R ( 4 )  VARYING ’
SOROER CHAR (4) VARYING , SRA NK CHA R( 4) VAR Y ING I
DCL (SMAT ,$VAR ,$TST ) CHAR (12 ) V A R Y I N G ;
DCL. (L IN 1 ,L IN2 ,L IN3) CHAR (90 ) VA R YING ;
DCL TEM P PTR; DCL SV 1 CHAR (60) V A R Y I N G ;
DCL TEN FIXED B IN ;
DC L ~C P ICT JRE ‘9’ ;
DCL. $T PICTURE ‘9’; --

DCL SU C HA RU )  I N I T I ’— ’ );
DCL BLK1 CHAR(U IN IT (’ ‘ )  —

OCL SEORPT FILE OUTPUT PR IN T ENV (F (13 1 ));
• DCL SEQERR FILE OUTPUT PRINT ENV (F( 13 1))
OPEN FILE (SE QR PT) , f ILE (SEOERR ) :
SASRT ‘ASSERT ION .; SVAR ‘V AR IABL E ’ :
SDI4G ‘O IA GNO SE S ’ ; SMAT ~ ‘SUBS CR PT _ V A R ’
ICONJ ‘CONJUNCT ION’ ;

;.s CALCULATE U OF WVEFORMS AND STORE VARIABLES **/
STO...P IR BEGIN; DP ,T . PTR = DAT A;
STST = KCYNAM E (HOME (NAME(1) ))t

~STIfj.IfjEAS 0;

CALL WAVEFORM _ LOADER (‘l’B )l

/ * * *  LOAD 0146 WI TH STORAGE POIUTERS TO DIAGNO SES * * */
STO_ PTR~ RC G IN ; DP= QA TA;
STO _ P TR~~LOG; Dp OAT A $
IF STO_ PIR = NULL THEN UOI AG= O ;
ELSE flD IA G LOGIC .~~E N T R y ;

DO I 1 TO t~D I A G
TYPCS {1)~~NAM E D JA G .LBL( I)) ;
CALL RE TRCV s (’O.B ,R PTRS,NR ,DIAGu ) ; -

JIAG (IF~RPTRS (1 );
(ND ;

/s *  FOR EACH 0146, SAVE OPERAT OR AND OTHER PA RMS * */
CALL D 1AG_ L OAD ER ’l’B) ; -

SIZE.N = UDI AG . Uv + S$STIM + *114(45;
- ALLOCATE HOM_ NODE .HOM_ P T R , A ;

HOM _NODE = 0 ;
COUNT = b ST IM + M IIEAS • #0146; A= ’O’B;
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I
/ss MOV E TEMP V A R I A B L E S  TO HOMER * */
DO I~~1 TO uv ; -

COUNT COUN T +i ;
PIOM_N ODE (C UUPII T) vNoo ((I);

HOM _ PTR (COUNT ) v p T R d I ) ;
[ND ;
NOM ‘STIM + N(1(AS + t~O IA G ;
COUN T ,ST IM _ CON J ,ME4 S_ CUNJ 0 ;

/ * *  LOAD HOMER W ITH W AV EF oRMS , AND ‘A ’  Wi T H V A R I A B L E S  * */
CALL W A V E F O R M _ LOA D ER I

/**LOAD HOr .%ER WI TH 0146 s*/
CALL D IAG _ L OA OE R (’ u ’B );

nS T IM + UM [AS;
ALLOCATE $s’rM ;

IF SE QOPT 1 THEN CALL M A T R I X _ P R I N T ;
ELSE CALL SYM_ PRINT ;

CALL CHECK ;

/** D~ TLCT ERRORS AND SEQUEN CE ~*/

/ 5*55*5 CALL INTE RNA L CODE GENtRA T 1O N BEFORE RETURNING *S* *** * * * * *** /

/5*  CREATE PATH MATR IX **/
ALLOCATE P ; CALL CRPAT HS (A ’P ,N );

/5* CHE CI < D I A G O N AL FOR CYCLES *5/
DO 1 1  TO N;
I F P (I ,I) = ‘l ’B  T HEN

Do ; CALL C Y C L E S ( A , P , N , S S Y M ) ;
RETURN ;

(ND;

/5*  P~~ECE0ENCE *~~/
ALLOCATE ORDER; CALL PRECEED (A , URDER ,N) ;
IF SEQOPT <:2 THEN CALL pR_ SLQ(oRDeR ,~~SyM ,w) ;
FREE A .HQM_NO0C,HOM_ PTR , $SYrt.p:
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WAVEFORM _ LOADER: PROC ( S W I T C H ) ;
/s *  THIS PROCEDURE WILL EXAMIN E ALL WAV EF O RMS.
IF ‘ SWITCH ’  IS ~ET TO • Q ’~ ALL NEW SOURCE AND
TARGET V A R X B L E S  AR E IN SERTED TO THE TEMP ORARY
VARIABLE L IST. IF SWITCH IS SET T~ ‘1’ TIlE WA VEF ORM
STORAGE POINTER IS LOAOCO TO ‘HOMER’ , AND AL L
LOCATIONS iN THE AD JACE N CY M A T R I X  ARE SET...s/

DCL SWiTCH BIT (1U 
-

COU N T = Dl
DP T_ PT R ;
00 1:1 TO 2;
IF- 1:1 THEN STOLPTR T_ PTR-)T [ST ,STII’fl
ELSE STO _ PTR T_ PTR ->TE ST.MEAS;

• IF STO_ PTR=Nu LL THC~I GOT O B A D ;
OP D A T A ;  ,~s FOLLO 4 TO SlIM AND MEA S */

- TP = WA V E F OR M S _pTR ; - 

-

IF 1=1 THEN #ST IM = UWAVE FORM S;
ELSE ‘IMEAS = ~W AV E FO RMS ;
TTP = TP; -

DO ‘J l  TO ~W A V EFO RM S ;
STO_ PTR TTp->WA V EF0R ~1S

_ LEV E L.WAV[ Fop,?~u) ;
W_ PTR ,OP DA TA;
IF ‘SWITCH THEN /~~*STIM OR ME AS COP4J NOT NULL s*,

DO: COUNT = COUNT +11
HOM...PTR (COUNT ) = STO_p TR;
HOM _ r gOOE(CO UN T)=O ;
IF AN Y .T’rpE ‘= C0t4.J u THEN GOTO BY;
IF J= 1 1 1=1 THEN ST IM _ CONJ COUN T ;
IF ~I i  & 1=2 ItIEN MEAS _ CO .~U~ COUp4 T ;
END ;

BY:
IF J=2 1 i= 2 THEN IF ST I M_ COflu >0 1
I iEAS _ CONJ )fl T~IEN A ( S T I M _ CONJ. M EAS_ CO pJ ,fl = ‘ 1 G B ;

00 K 1.2 I
IF J6=l TH[N T P W _ P T R— > W A V E F O R M S . S_ L IST ;
ELSE TP W _ PTR->W A VE FO RMS ,T_ LIST;

Do W HIL E (T p ’=NULL ) : -

NODE NA N E 0c L . ID) l
PLACE = L0CATE (N OOE. TP ,S~~ITCH);
IF - ‘SWITCH THEN jF K=1 THIN A (PLA CE ,COUN T ) ’l’B ;
IF SWj TCH THEN IF K 2  1HEN A (COUNT ,PLAC E)= ’l’B;
Tp LINK ;
EN D ;

(p40 ;

ENO
BAD :

- END;
END WAVEF ORM_ LO ADER ; -
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DIAG _ LOA DER : pR OC~~SW ITCH)1
/s *  THIS PROCEDURE WILL EXAMINE ALL DIAGNOSES .
IF SWITCH IS SET TO ‘ 0 ’ , ALL NEW DIA GN O SE S ’  VARIAB LES
ARC INS~ R1 [D TO THE TEMPORARY V A R I A B L E  LIST. IF
SW ITCH IS SET io ‘1’ ’ THE O IA C ,NO SES STORAGE POINTER
is LOADED TO HOMER , AND ALL LOCATIONS IN THE A DJACENC Y
MATRIX ARE SET. . .... - ~/

DCL S W i T C H  O I T ( j ) ;
COUNT SJ S T I M  + f l M EA S I
00 1:1 10 I ID IA G;
STO_ P~ R D IA G I I , ;  oi~ = D A T A ;

IF ,SW I1C H 1HEN -

DO; COUNT CO UNT + 1;
H014 . I ’ TR ( COU NT)  S T O_ P T R ;

HOM_ N O OE( COU r4 T ) a ;
E N U

D O J = 1 , 2 ;
IF .J=1 T h EN T P~~OT I4 ER _ PAR MS
[LSL TP OF’_ Rps ..,AK ...PTR;

IF .J=1 THEN / .*  OTHE R ( ‘ARMS 4 + /

00 K~~1 io : :PA RNS W H I LE (TF ”’ =NUL L ) ;
IF MSG_ P A R M . T Y P C ( K ) ~~~A THEN

S~’ = MS G_ PA R M .  r r T H  1 1 < ) ;
NODE NAME (~~i’- -~i c L . I D ) ;
PL ACE LOCAT L  I N O O E , S P ’ S W I T C H ) ;
IF ~s w IT C H  1HEW A ( P L A C E . C O U N T )
END;

END; -

IF J=2 THEN / * *  OPERA TOR RESPONSE ss /
00 W P-fl LE (TP NULL)
NOOL NA M L ( C C L . I 0 ) ;
PLAC E LOCA TE (NO 0E ,TP ,SWITCH )

IF ~ Sw 1 T C H  THEN A ( C O U N T , P L A C E )
Tp LINK;
EN0

(NO t
(NDt
END D IA G_ LOA OC R :

_ _ _ _ _ _ _ _  - ~~~~~~~~~~~~~~~~~~~~~~~~ --



LOCATE: P1,OCEOUR ( (NCW_ V A R , 4EW .OPT 1ON ) RETURNS (F IXED BIN )I
/ * . s .* * * * *s S s s* . * * * •$ t * *~ $ * * *s * * * * * *S * * * * * * * * * * * * * * *, * . * * *
THIS PROCEDURE WILL LOCATE TIlE POSITION OF A V A R IA B L E  IN
E ITHER ‘HOMER ’ OR ‘V AR ’ . ‘VAR’ IS USED ~O DCR TMINC TH( AC TUAL

NUMB ER OF UNI QUE V A N J AU L E S . .  ONCE THIS HAS BEEN DE TERMIN ED
‘HOMER ’ IS DYNAMICA l LY ALLO CATED WITH THAT EXACT NUMBER.
THUS THE PROCEDU RE FIAS TWO ARI L IT I IS ONE TO SEARCH THE
TEr PORARY V A R I A B L E  L I ST S AND ADO NEW V A R I A B L E S  PS THEY
COME , A N OI 2 ) TO SEARCH THE FIN AL V A R I A B L E  L IST ‘HOMER’
A J D  RETURN ITS pOS ITON SO THAT IT MIGHT BE ADDED TO THE
ADJACENCY MA T R I X .  THE FOLLOW IN( , COCE ALT ,10Lj014 SHORT WAS
OCVCLOPLD INTO ITS OWN PRO CED URE BECAUS E ITS BAS ICLY
I N I A T (~S A SEARC H CHECKING FOR BOTH SIMPLE AND COMPLEX
VA RIABLES , • 

-

INPUT PARAMETER S :
N EW _ V A R  — ST0_ PIR TO V A R I A B L E  NAME 

•

TP — TP POINTER TO DCL
OPTION - IF ‘0’ WILL SEARCH ‘HOMER’ AND RETURN POsITON

F IF ‘1’ WILL SEARCH ‘VA R ’  AN D iNSERT IF NEW

DCL (TP _ OLD ,TP_ N EW ,OLD _ SP ,f~EW _ SPINEW.O LO ) PTR ;

DCL (K,N EW _ V A R ,T E M P , MA X )  FIXED B IN;
DCL OPTIO N U I T ( 1 ) ;  MA X O I

00 L = 1 TO SlV t
MAX = 1 ;

IF OPTIO N THEN TEMP = V N O D E ( L ) ;
ELSE TLNP = HOM _ NOO [ ( H OM + L ) :  •1

IF N E W _ V A R  ~~: T(MP 1(1CM GO TO ENO— L ;
IF OPTION 1 - E N  ~LD = VPTR ~ L); 

-

ELSE OLLi e-40M _ PT R ( HO M + L )

4 /5*  CHECK FOR SIMPL E V~~RIAO L E **/
IF NL W - >U CL .D ES C R I PTOR = NULL A

O LU -> DC L.D CSC R I PT OR NULL
THEN 0010 MAT CH;

/ * *  CHEC K THAT BOTH ARE A R R A Y S  ~*/
IF NEW— >L )CL ,OCS CR1P TOR , NULL I

CLD->OCL.DE SCR 1PTOR ‘ NULL tHEN

OUr /* * *  CHECM T HAT SU B SCRIPTS MATCH s s */
IP OLO UL P-> DCL . D ESCR I PT O R ;
TP..NCW NEW ->0C L .QESC P~~pToR ;
IF TP _ N EW— ) L IST _ PT R .s , PT R  •

‘~~
TP _ 0L0 >LIST _ PT II .tPTR THEN GOIC IN SERT:

DO H 1 TO TP _N [W->I .TsT .~j’TR .RpTp ;
0LD~~SP T P _ O L O — > L I S T _ PTR .PTH ( M ) ;
NEW .SP TP _ N E W - > L I S T _ PT K. PT K ( M ) ;
IF OL r L. . S P— ) STR. TE XT ‘z N C W _ S P — ) S T R . T E X T

THE N 0010 II~s cR r :
E N D ;  /*~~ END M 1 TO ti PTR *./

- GOb MAT CFH
EpJD; /*~~ END BOTH A R RAYS *s * e~~ /
(LS ~ GOTO IMSL(~I ;

- 
CND _ L :  E ND ;

(~4 
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INSERT: IF OPT ION THEN /. IN SERT .1 
-

oo; uv nv + ~; VN ODE (~~v) - NEW _ V A R ;
VPT R (

~~V , = NEWt RCT UR N(~~V ) ;  -

ENDI
ELSE CALL SYSERR (‘SEARCHED V A R I A B L E  NOT IN HOMCR’)~MA T C H .  MAX MAX + HOM; RETU RN ( M A X ) ;

(NO LOCATE;

CHECK: P.(OC ;
/ 5*  8 * 5 * 5  *$~ 5* 1  II *5  4 * *.*  *5  4* 5 4 5* 5 *  * 1*  * * *s *  5*  •* *
THI S P R O C E D U R E  ~.jILi EX AM INE THE ADJACE NC Y M A T R I X  FOR:

1) MCjF~E THEN 1 TARE- CT PER ASS ERTION
2)  MULTIPLE DEFINE D TARGETS
3) INVAL ID LE FT HAND EXPRESSIONS
‘4 )  INVAL ID  OPERATORS

• * * * * *5 * * **  $*  * I * * * * * 4 * ~~ * $ * * * *5*5* .  * * * * * S * * * * * * * * *5  * *5/

/ 5* 5  MULTI PLE DE CLARAT IONS OF TARGET ** */
HOM 1 HOM +~~ ;

00 I HOMI TO NI 1

LIN1 a ’ ’ ;  nE O; -

00 J 1  TO HOM ; 
-

iF A ( .J , I )  = • 1 ’ R  THEN

Do; s$L=$SC +1;
/* *  STORE W A V E F O R M S  **/
L Irli Lrr. gl II  SSYM (J) i i  . ‘
(NO t -

END ;

IF S~E >1 THEN
Do ; IZ LCNGT Pl (LINW L I N 1 = S U B S T R ( L I I J 1 , 1 , IZ — i , ;

FL I T FILE (S EGC R~~) EDIT
( ‘ * W A R N I ,V c -  ( POSSI B LE A~i B 1 G u I T Y ) :  V A R I A B L E  ‘ I I  ~SY’~( I )
I I  ‘ OF TEST ‘ I I  1-1ST i i
I I ’  IS DEFINED MORE THAN ONCE IN ‘ i i  L I N I

• l I~~. THEY MUST BE E X C L U S I V E  .‘)  ( S K I P ,A ) ;
- : NO _ WARN NO_ W A RN + 1

END

E N D ;
• 

/ ***  HOI~E THEN i TAR G ET IN A~~S ER 1 ICW *55/

00 1=1 TO ~w:
L TN 1 ’’;
STO_ P IR = HOM_ p T R ( r , ;  D P= DA T A ;  ~s L O  

-

IF W A V E F O R M S .T Y P E  -
~~~ A S R T I~ THEN GOTO NO _ ASRfl I

DO ,J HOM 1 TO N;
IF All ’..) )  ‘l ’13- T HEN

Do; uc ss c +1 ;
Liwl = LIN 1 II  $SYM (J) II  ‘

END ;

END I

(-15



IF~~ C > 1 THEN 
-

• DOS IZ:LENGTH (LINI); LIN1 SUBSTR (LINI ,1 ,1Z 1)t
PUT FILE (SEQERR ) EDIT

(‘sERROR (A M B IGUITY ): IN ASSERTION ‘ II $ S Y M ( I )
II’ OF TEST ‘ I~ LIST II ’ , THERE ARE TWO OR MORE’
I I ’  TARGET VARIABLES: ‘ II LI N 1 ) (SKIP ,A );
ERK _ CN T = ERR_ CNT + i~;
(N Ot

/ * * *  EXAMI NE LEFT EXPRESSION AND OPERATOR * * */
SP POINTER; IF ~E > 0 ThEN

Do ; IF TRIPLET.FLAG = ‘O’B THEN CALL LOOK (SP) s
ELSE DO ;
COND : CALL LOOK( SP-> IF_ CEL L .TRU (_ PART) ;
IF SP—> IF _ CELL.CF ’j’B THEN -

- Do ; S P S P-)IF_ CELL.FALSE _ P A R T ;  GOTO CO NS D I
EN D ;

• ELSE IF SP~)IF_ CELL.FAL SE...PART -i= NULL THEN
CALL LOO K SP— > IF_ CELL. FALSE _ PART ) ;

ENDS

(Ru;

wo_ A sRT U : END ;-

LOOK : PROCED URE( TEM P);
DCL (TEMP ,Spp) PTR ;
DCL 1 SIM PLE_ ASRT B ASED (TEMP),

2 RELATIONA L ,
3 CXpI ~~2) PIg , 3 oPERATOR CHAR (2),

2 RANGE. -

3 EXP PTR, 3 PCNT CHAR (1) ;

spP = EXP R( 1 ); L IN1= ’’ ; s*E 0;
DO J=H Opll TO N;
IF A (~~

,J) ’1’B THEN -

oo ; IF Sp P—> STR .TEXT SSYM (J ) THEN 6010 OP (R;
1E *S( +1; -

IF *$C = I THEN LIN1 SSYM (J)
(ND ;

(MDI

PUT F1LE( SEQERR ) EDIT
- (‘sERROR (AMBI Gu ITY ;: EXPRESSION ‘ II SPp—>ST R .TEXy

I- I ’  PR~~C~[~~zNG THE ‘‘ ‘‘ IN ASS ER TION ‘ i t  $SYM( I )
I I’  O~ TEST ‘ I i  ~TST I I  ‘ ODES NOT MATC H THE TARGET V A R I A B L E
I I  LIN 1) (SK IP ,A )t
ERR...CNT = CRH_ CN T + 1

OPER: IF SIMP LE_A SRT .OPERAT OR ‘ ‘ ‘  THEN
oo; SIMPLE_A SR~~.0PERAT0R
PUT FILE IS EQEPH )  EDIT
( ‘ * W A R t J I~~G ( I N C O N S I S T E N C Y ) :  IN A S S E R T I O N  ‘ I I  SSYM (I)
I t ’  OF T EST ‘ I I  STST I I ’ ’ A V A R I A B L E  T S  DECLAR ED AS ’
I I’  TARG CT RUT THE RELATION OPERA TOR I~ NOT A~j EQUAL SIGN. ’
I I ’  PE PLACE D BY AN EQ UAL SIGN .’ (S~< 1P ,A);
NO_ WAR N NO _ WAR N + 1; -

EN D S

END LOOI(
(ND CHECK;
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MATR IX 1R INT: PROC S 
-—

Sb _ PIN BEGIN;
PUT FILE (SEORI’T ) P AGE ;
PUT F IL L (S EORPT )  EDIT I ’ I N T R A  MODULE SEQUENCING ‘ II STST ,
‘ANALYSIS OF THE A D JACENC Y MATRIX ’ )
(SKIP ( 5 ,COL ( 26) , A , SKIPu ,COL (26) , A , SKIp (3) 5
If N (1 THEN RET URN S
L I N 1 , L IN2 ,L IN3 = ‘

IF N>94 TH EN -

Do; /5 *TO B IG TO PRINT *5/
PUT FILE (S EQ R P T )  EDIT (‘ERRO l-i : ATTEMP T TO WRIT E MATR IX
I I ’ W H O S E  SIZ E EXCEEDS MAXIMUM ~ OF 9~~. THE SA ME INFORMATI ON ‘
l I ’ I s  A V A I L A R L E  IN THE INTERNAL SEQUENCING REPORT WHICH DOES’
II’  NOT HAVE A SIZE LIMIT’) (SKI P ,A,SK Ip ) ;
RET URN ;
END S

IF N< ’47 THEN B=2 ; ELSE B=1 ; 
- 

-

• COUHT O; TEN

00 1=1 TO N ;
COUNT COUNT + 1;
IF COUNT = 10 THEN

00; COUN T o ; TEN = TEN + 11
EN0

COUNT; ST = TEN ; -

IF 1<10 THEN LIN1 = L IFJ1 ~- l BEK1 ;
ELSE L IN 1 = LIN 1 I i si;
L IM2 L IN2 ii ~c ;
LI P I 3 L I N 3 I t  LU ;
IF ~g<47 THEN

Oat L INL = LIN1 I I  BL K1I
LIN2 L IN2 II  BLK 1;
LIN3 LIN3 i i  BUll ;
END I

(rJ D ;
IF r4)~ THEN PUT FI LE ( S E Q R P T )  EDIT ( L IN1)  ( C O L ( 3 5 ) , 4 , S K I P ) $
PUT FILE (SE Q RPT J EDI T (L11421 (COL(35 1,A ,SIcIP );
PUT FILE ( SEO RPT ) EDIT (L I I I3 )  ( C O L ( 3 5 ) , A , S K I P ) ;
CALL SYM_ PR IN T ; -

END MATR IX _PR INT I

SYM_ PRINT:  PHOC (OtI R~~; 
-

,**S PRINT NAME S AND SAVE THI.~~ FOR ‘CHECK’ PROCEOURE ~*~~i

00 1 = 1 TO Mt
IF HOM _NOOt lI ) > fl Th EN

00* SNAME KC YNAM E( HOM E (HOM _ NOD E (I ))) 1
ITYPE = $VA R I TP HOM_ PTR (I);
IF DESCRIPTO R = NULL THEN GO TO PpJ T ;
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/5*  SUBSCRIPTED VARIAB LE *5/
TEMP = DES CR IPTOR ; %Vj = SNAME : - -

00 J 1 TO TEM P -> L tS T_ PTR .~ PT R
SP = TEMP_ )LIST_ PTR .PTR( J) ;
IF J=j THEN SV1 = svi I i  ‘C ’  II  Sp— >STR.TEXT ; ELSE
Lvi = SV1 II ‘ ,‘ II SP—>STR .TEXT ; -

(NO ;

SNAM E sVi II ‘5 ’ I
GOTO P N T ;
(NO t

STO_ PTR = HOM_ PTR (I) DP DATA STYPE ‘ERROR’ ;

IF ANY.TYPE = A~ NT fl THEN STYPE SASRT ;
IF AN T .TYPE = COl-JJt ) THEN sTYPE SCONJ ; ‘I

IF ANY .TYPE O IA G SS THEN STYPE SOXAG I

SNAME KEYNAME (HO ;IE (NA M EI1 ) ))
PNT: IF SEQOPT = 1 THEN

PUT F X L E ( S E Q R P T )  EDIT ( j , S N A t I E ’ S T Y P E , ( A ( I , . J ) D O  U=i TO N ) )
( C O L C 2 ) , F ( ’ 4 ) , c o L ( 8 ) , A , C O L ( 2 2 ) , A , C O L ( 3 6 ) , ( r - I ) A ( B ) ) ;
SSYM (I) SIJAM E;

END ;
(NO SYM _ P R I N T ;

• pR...sto: PR OC (OROI~R .DICT ,N I;
DCL CAT ENTRY ICHA R (* ) ,FIXED BIN , FIXED BIN ) RED ,
CON ENT RY (F IXCO t3IN ,FIXEO BIN )R CD I
/5*  PROCEDURE 10 PRINT SEQ~JEM C ING *5/
DCL (IO RD ER ,IRANK ) FIXED BIN INITCO ) ;

DCL UOU T FIXED A IM IN IT (O) I
DCL KEY W D CHAR( 5 ) V A R Y I N G ;
DCL FL OATMX FLOAT JN ITC1 E + 7 5) STAT IC ,

LTEMP FIXED ~~~~ TEMP CHAR (70 S VAR INIT (’’),
CUR TXT CHAR (19fl ) VA R IN IT (’’)s
SEMICOLON CHAR 1) INIT (’; ’)s
LPAR CHAR(1) IN IT (’ (’)- , RPAR C HAR (i ) INTT (’)’) ,
COLON CHA RI1I IN IT(’~~’), COMMA CHAR( 2) IMIT(’, ‘5,
BLA t~KS CHAR (70) II,IT ((70)’ ‘)~ TAG 911( 1),
ORDE R(S) FI XED 61w, OICT (*) CHA R( 12 ) VARYIN G ,
RA N K(N) F IXED RIM EXT CON TRO LLE D , PARCMA CHAR (3 ) IN IT (’) , ‘h

Bi CHAK (1) INIT ’ ‘) ,  SKP FIXED INI T (1) ;

DCL 1 SIMPLE. .ASRT BASED lIP ),
2 RELAT IONAL ,

3 EXpR( 2) PIR , 3 OPERA TOR CHAR( 2) ,
2 RANGE .

3 L.XP PTR , 3 PCN T CHAR (l)I

DCL I CONNECTORS BA SED (bPS,
2 01)1 C P IA R I 12 ) ,
2 ~PTS FIXED BIN ’
2 POINTS (NP REFER( CO NNEC T O RS .~~P T S ) )  FIXED BIN;

DCL 1 AFF ICTED _ COMP HA S E O ( T P ) . ,
2 AN U _ O R CHAR (1),2 sCOM PS FIXED BIN,
2 (LE M EN T INC R (FLR (~~COM PS )),

(3 COM P _ FL U , 3 COM P _ ID , 3 FA IL _ FN) F IXED B IN I •
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• IF SCOOPT 2 THEN PUT F I L E ( S E Q R P T )  PAGE;
PUT FILE ( S E O R PT )  EO IT ( ’ S E Q U C H C E  OF PROCES SING ‘ I t

‘ FOR TEST ~ t l  S T S T )  ( s K I r ( 3 ) , c o L ( ? 6 ) ~~A , s K I p c 2 ) ) ;
PUT FILE (SCQRPT I £0tT (’ORDE R’ ,’V CCT I ,’ORDER$ ,.RANK I ,.NAME I ,
‘TYPE ‘ , ‘TEXT’ , ‘ IND EX’ , ‘VECTOR’

(COL (j), A ,SKIP(1) ,C QL (1) ,A ,COL(7) ,A ICOL (15), A ,COL (27 ),
A ,CO L (qt4) ,A ,COL (70) ,A ,SKIP(1 ) ,COL (l) ,A ,COL C7 ) ,A ,SKI P (2 )) ;

00 1=1 TO N I
I O R D E R CM ) ;  /* *  I IS THE MATRIX NODE BEING EXAMINED sal
II- HON_ N OO E (1 ) >0 THEN CALL V A R~ PT ELSE

Do ; / * *  WAVEF ORM S OR DIAGN OSES s **/
STO_ PTR I-COM _ PT R( I); OP = DATA; STYPE= ’ERROR’ ;
IORDER = I; iRA N ~ = RAN K (.I)
SHAME = D ICT (I) IIOM1 tSW + UOI A G +1; -
IF A NY.TYp E z D IAGU TI4EN CAI L U J A G _ PT; ELSE CALL WF OR rI _ PT ;
IF LTEMP > 0 I (LCNGTH (SNANC)) >0 THEN CALL C O N I O , 2 ) ;

(10; 1*4 END WAV EFO RM OR D IAGN OSE S *5*,
CALL CON (O ,2 ) I

F NO; /4*  END Ii ITERATION * **/

VAR _ PT: PROC ;

TP HOM _ PTR (I) S ,T=O; L INE= ’’ ;
IF DESCRIPTOi~~NULL THEN STYPE SVAR ;

ELSE STYPE :$MA TI -

H IF ‘SCOPE THEN TEMP ’LOCAL ’I
H ELSE

DO ; /as  GLOB AL s*/
- . D~ K= j TO ~W ;

IF A(K ,1) T HEN T:T+1*
END ;

T(MP= ’GLOBAL /‘ ; - -

IF 1 >0 THEN TEMP TE MP I I’  TARGET /‘;
ELSE TEMP TEr,P II  ‘ SOURCE I’S

- • END;
PUT FILE (SECRPT ) (OIT (M ,I,RANK(I) ,DICT (I) ,STYPE ,TEMP )
(SKIP , COL I1 ) ,F (t~) ,COL (7) ,F (‘4 ) ‘ COL (14) ,F (4)~
COL (2 6),A ,cOL(4 i ) ,A,COL (58 ) ,A );
STTPE ,TEMP ’’l - -

END VAR _ PT ;

DI AG _ PT: PROC ; 
-

SKP ,N8 , K = l ;  s TY p E=S D IA G I  -

IP OP_ 1~SG .AF F ECTE D _ COM P ;
IF !P’ NULL THEN /* AFFEC T ED COMPON ENTS SI

oo ; CALL. CA - i - ( ’ A F FECTEO COMPO NENTS =‘ , O , O ) ;
KEYW O A N D_ OR II 91;
00 L 1  T~ UCOM PS ;

KF = FAI L_ FN (L) ; CU RTXT NC YNA PIE (HOMC(COM P _ 1 O ; L l l ) %
IF icF>OB THEN CL ,RTXT = K C YN A M E( HO P iE( KF)) II L rA RII CURT X T

II RPAR;
C U R T X T  C U R T X T  I; KE YWD; CALL CON (1 ’ 0);

(N D ; -

SUBSTRCTEM P , LTEM P - 1) = COM MA ;
END ;
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TP = OTHER_ PARMS ;  -

IF TP’=NULL THE),) /a OTHER PARAME TERS *1
00 CA LL CAT (’OTH (R PARAMETE R S (’ , o , o il

DO L 1  TO plSG _ PAR M .t ~P AH M S
SP= M SG_ PA RM. PN TRC L fl
IF MSG _ PARM .TYPE(L)’ SA THEN
CALL CAT (SP— >STR .-TEXT II COMMA ,o ,O ) ;

• END ;
DO L. *SW TO N t
CURTXT DICT (L) II COMMA;

-

• 

IF A (L ,I) THEN CALL COU (O,O)t
(MU ;
TEMP = SUBSTR (TEMP , 1, LTEM P 2) II pA RC~’~A ;

END ; -

IF OI ’_ MSG .TTP( > O THEN /* OP. MSG . TYPE */
Do; CIJRTXT= ’TYPE = ‘IIK EY N A ME (HOME (NAP%C (OP _ MSG ,TYP C ))) It COM M A;

CALL CON (1 ,OH -

END S

IF TIM ING,VAL tjE<FLOA TMX T i-tEN 1* TIM ING ./

CALL CAT (’TI I’IE ’ IIT IMING. VA LU C II COrMA ,o ,o) ;

TP = OP_ R p S .VAR_ PTR;
IF TP-.=NULL THEN /* o~~, RLsF’. VARS SI

- DOt CALL CAT (’RE SPON SE (’ , 1 0); 
-

DO L HOM1 TO NI
IF A (I ,L) THE(4

DO; CURTXT DICT (L) I I COMMA; CALL CON c1 ,o ) ; ENDS
END S -

TEMP = SU8SIRITEMp, 1 ,LTEMP-2) I I PA R CMA ;
(NO ; -

IF OP_ RPS.Y_N~~ Bj THEN 1* I/N 4/
CA l L C A T ( ’ R E S P O P4SC = ‘ It OP_ RPS .Y _ N I I  CO NMA, 1 . 0 ) 5

LTEMP =LENGTH( -1-EMP );
TEM P SUBSTR (TEMP ,1 ,LTCMP-2) I I  SEMICOLON ;

END D IAG~ PT ;

W FOR M _ PT: PROC ; - - :
Ip = W A VE F O RMS ,POINTER ; TAG = --FLAG ; STYPE WAV CFORTI S.TYPE;
$KP ,NB.K F i ;  K 18;

IF STYPE COPJ .JS THEN STYPE $CON.J ~L SE STYPE LA S R T ;
IF ‘TAG THEN CALL SIMPLE (TP , NB ); /*SIMPLE CONJ,ASRT* ,
EL SE /5 CONDITIO NAL CONJ /ASRT 4/
00; COND : CALL CAT I ’ IF ‘II CO;,ESITI oN II THEN ‘ . N B . O )

TAG IF_ CELL .CF;
CALL SIM PLE (TRUE _ PAR T , Nt3 + ’ 4 ) ;  TP = FALS E_ PA RT ;

IF TAG THEN
DO; CALL CA T (’ELSE ‘,NB ’j) ;

iF NB)KF THEN Do; NB SXP ; K = j; END ;
ELSE , DO ; NB NB + 5; ~ = 0; ENDS
GOTO CONO ;

(NO ;
IF TP~=NULL THEN 1* LSLE > SIMPLE CON..). *1
(~0 CALL C41 (’ELSE ‘ ‘ r,t~, 1)

CALL SIMPLE(TP. NB + 4 5 1
(ND;

END S CURTXT :’TARGET: ‘;
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IF T_ LIST -‘ NULL THEN
Do; CALL CAT ’TARGET: ‘,SKP, l)

DO L=i~OM1 TO MI
IF Au,L) THEN

DO; CU R TXT D ICT (L ) I t COMMA S CALL CON (1 .O) END ;
- END S

SUBSTR (TE IIP ,LTEM P 1 .I) 91t
END ;

IF S_ LIST ‘ NULL THEN
00 CALL CAT (’SOLJR C ( ‘,SKP ,l)

00 L= IIOM I T~ N ;
iF A (L ,I) THE I~

Do ; CUg;TX I OICT (L ) II CUr’~~A; CALL CON (1 ,0) (NO;
E WD ;

END ;
SUI3STR (TEM P , LTEM P 1, 1) = sEhiCoLor ,;

SiMPLE: PRO CCp ,rsB ; /ss OUTpUT SiMPLE CONJ/ASRT 54/

DCL (P, TI’ ) PTA ’  NO FIXED aIM;
IF STYPC CONJ U THEN /5 T RIPLET CONJU NCTION ./

DO ;
DO L=i TO P->flTR IPL (Tt 

-

TI’ = p~ )COE (Lj’ ; CALL CAT S’ ((’, Nfl . 0)1
DO J i  TO iP~ >s~PT S;

CUR TXT h<EYNAM E (HO fIE (NAM E (TP >PO INTS(J )))) II COMMA
CALL CON(NB, 051

END S
SUBSTR (TEMp . LTEM P 1, 1) = ‘>‘;
TIC-VP = TEMp Ii  ‘ =
TI’ P~ > F DE( L ) ;
CALL CAT IT p->STR ,TEXT II ‘5 ~~‘ ‘ NB , 0);

(NO ;
SUUSTR (T(MP . LTEMP , 1) = 81;

END
ELSE /* ASRT */

DO; TP P—> EXP R( 1 )  CALL CA T ( T P~ >ST R .TEX T, NB, 0 ) ;
TP = P->EX P R ( 2 )  - 

-~
CUR TXT I31 , IP->RELAT IONA I.- .OPERA TQRI IR1 I tTP—>STR.T EXT ;
CALL CON(N B ’O )
TI’ = P-> RANG E.EXP ;
IF TP-~~PJU LL THEM -

DO ; CURT X T ’ +- ‘ I I  TP >STR .TEXT IIP )PCNT ;
CAL L coN (NB. O ); (ND ;

ENDS
El-J Q SIMPL EI

(ND WF ORM _ PT ;
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CAT : PROC (T (XT , NB . OPT); /5 CONCATENATE R OUTPUT TEX T */
/ **  IF OPT = o CHECK TOTAL LENGTH, THEN CAT .

IF OPT 1 OUTpUT LAST RECORD , IHIN CAT.
IF OPT = 2 INITIAL - 4/

DCL TEXT CHAR ($) , (N 8,OPT) FIXED BIN ;
CURTXT = TEXT ;

CON: CWTRT (N9, OpT); /4  SAME AS CAT , EXCE PT TEXT FROM “CURTXT” */

IF OPT O IHEN
O0 ; IF( L ( NGT H(T( M P) )= O THEN N B O  -

IF (LLNGT H(TENP) + LENG THI CUR TXU )<70 THEN
TEMP TEM p II SUBSTR (BLANKS .3,NB ) II CURTXT S

F ELSE. OPT=i ;

- 
(ND;

IF OPT 1 I 0PT 2 THEN
Do; IF IORD(g~ >0 THEN

•D0 / 5*5  PRIN T EN TIRE LINE *4/
PUT FI LE ( S EQR PT )  ED IT ( M , IORDE R , I RAN K ,SNA 1 .~E , $ T Y P E , T EMP )
(SK 1P ,COL (1),F (4) ,CQL (7),Ft4),CUL (I’4) ,F (4) .COL (26), A ,
COL (’4l) ,A ,COL (58) ,A);

- $NAME ,~.TYpc ’’;
I OR D E R , I R A N K O ; -

END ; ELSE -

PUT FILE (5 (QRPr) EDIT (TEMP ) ISK IP ,COL CS8 ) ,A );
IF OPT 2 THEN TEMP ’’ ELSE TEMP CUR TX T ;

END S
LTEMP LCNGTH (TCM P) ;

END CAT ;

END PR_ SEQ
(ND 1NT$CQ ; -

- 

CRPATHS: PRO C (A ~ JMA ~~,PA THMAT ,~g)
/4 5*  DE BUG ~ **/

DCL (AD JM A T ,pA THMA fl (s,*) BIT (*)S
PATH )-1A T AD ,JMAT ; -

DO J 1  TO N S 4

00 1=1 TO N;
IF PATH MAT ( I , . i ) TH EN PA T H M A T ( I . * ) PAT I4 MA T ( I , * ) I PA T H M A T .(J ,* )

(NO t -

END S
(ND CRPATHS;
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CYCLES: PROC C A , P , N , O I C T ) ;

DCL S(QERR FILE OUTPUT PRINT (NV (F (131));
DCL (A ,p) (* . S )  B iT t ’);

DCL PR IN T_ L IN E CHA RC 125 ) VARYING ;
DCL USED (N) 811 (1)1

DCL O ICT (*) CHAR 12 1 VARYI NG ;
DCL ( R O O T , R [ A C H J ( N ) , P A T H ( N + 1 ) )  F IXED BIN;
DCL PA T M _ EXTENOE O BIT (1);

CO R00T 1 TO N ;
DO K ROOT TO N;

REA CHJ (K ) ROO TS
USED ( K ) = ’ O ’ B ;

END ;

LCVE ’- l
PAT H ( 1) ROO T I  -

•

I ROOT I

DO W HILE (LEVEL - , 0);
PATH_ EXTE N DEO ’O’B ;
JMI N REAC HJ (I);
DO J JMIN TO N WH ILE ( (LEVEL ’ Q )Z~ PAT)I _ E X TEN 3ED ) ;

IF A lI. J IP(J ,ROOT )Z’USED (J) THEN DO ;
PAT H _ EXT E NDED= ’ l ’ B ;
CALL EXTEND _ PATH ;
IF ,J=ROOT TI-SEN Do ;

CA LL P R C T C L L ( PA T r I , L C V E L ?
CALL BAC K T R A C K ;
END ;

E N D ;  -

END ;
IF ~PAT H_ EX T ENDE D THEN 00$

REAC H J C I) ROOT ;
CA L L BAC K TRACK;
END ;

(NO ;
END ;

/*  INTERNAL SUBROUTIN ES 5/

BACKTRAC K :  PROC ;
US E D ( I ) ’ O ’ B ;
LEVEL LEV (L—1 ;
IF LEVEL ’ O THEN I= PA TH (LEVEL ) ;

(No B A C K T R A C K ;

EXTEND _ PAT H: PROC ;
US ED
UEAC ”..H I )=j+1;

- L (V (L LEVEL .j ;
PAT FI (LEVEL) :J ;
I J :

END EXT END~ PAT H;
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PRCYCLE : PROC (PA T H ,LEVtL );
/ass MOST OF 1141$ PROCEDURE HAS BEEN CHANGED FROM ADAM RHIN’S
THESIS TO SI MPLIFY THE PRINTING OF CIRC UL A R DEFINITO NS
IN THE ERROR REPORT RB 10/76 *4 5/

DCL 1A F I X E D ;
DCL STST CHARI1 2 ) EXT VARYING
DCL PAT H (S) FIXED Bi N S
DCL LE V EL F I X E D  B I N ;
DCL ERH CNT FIXED GIl-I E X T ;

PRINT_ L iNE ‘ERROR C IRCUUL AH DEFI N IT ION): ‘
lI ’THE FOLLOWING GROUP OF ITEMS IN TEST ‘ I I  STST
II ’ ARE CIRC UL A RLY DEFINED: ‘I

DO NODES 1 TO LEVEL;
PRINT— L INE=PR INT_ LINE I I  D I C T C P A T H ( N O D E S ) )  I I’ , ‘ S
(rID ;

IA L ( r4G T I- I ( PRI NT_ L I N E ) S  - -

PRIM ‘.L 1l -JE= SUBS TR (PRIN T _ L I N E ,1 ,i A — 2 );
PUT FILE C S E Q E R R )  E D I T  (p RINT ...1Ir ~E ) (SK1P ,AH

(NC PRCYCLE ; -

END CYCLES ;

PR (CCED: PR OC C A D JMAT , ORD(R ,N )
/s R EARRAN G E NODES OF A DIRECT GRA PH(S PEC IF IED BY ADJ AC ENC Y MATRI X 5/
/* “AD .JMA T” ,N BY N) IN ASCENDI N C , “RANK ” O RDERS RESULTING IN N-L LEMENT*/
/5 VE CTOR “ORDER” .

DCL ( A D J M A T ( s , s ) ,  UNUSE( N) ,  T 1 r 111( ’ l ’ B ) ,  F IN IT ;’o’B) S F31 1 1 1 ),
(ORDE RC*).N OD E S (2 )IN IT (t2 }O ),NEW INIT (2 ) ,OLD IN IT( 1))FIXE O BIN ;

DCL ( DEPTH (2,14), K IM I T I O )  FIXED BIN;
DCL RAI JK (NR ) FIXED B IN EXT CTL ;
DCL (I,J ~L ’1I ,M) FIXED BIN STATIC;

I. AD .Ji-1A T— -AD JA CEN CY MA TRIX DE FIN ING THE D IGRAPH. • *1
/. N--——--- - TNE NUMBER OF NODES IN THE D IGRAP H. • */
/$ . OROER-- -THE VECTO R OF NODE S IN RANK ORDER. 5/

/* R A r J K - — — — v ( C T O R  OF RA NKS OF NODES IN DIGRA P I- - (. INTUIT IVELY , THE 5/
I. HANK IS THE MAX. DEPTH OF A GIVE N NODE IN THE D IGRAPH *1
/5 F R O M  AN Y ROOT. EXT BE CAUSE USED 1)4 ‘GFLTRPT ’ 5/
Is DEPTH- --SET OF NODES IN A GIVEN RA N K (OLD I NEW ). I.E.~ “RA (~)K SET” ,*/
/5 r-JooE5- -— C0UNT ERS FOR t~ OF r~OCCs iN OLD & NEW RANK SET (DEPTH), 5/
/4  OLD POINTER TO PREVIOU S RANK SET. */
Is NEW- —- -— POINTER TO CURREN T RANK SIT. *1
/*  UHU SE---B IT VECTOR OF NODES NOT 1)4 THE CURRENT RANK SET. 4/

/4  A LLOCATE RA NK AND INITI ALIZE RAth( OF ALL MODES TO 0 4/

NR=N;
ALLOC A TE RA NK ; -

IF N= 1 THEN Do ; O R D C R ( 1 ) , RA N P c ( 1 ) 0 . ; RETURN ; END S

RANK , OR DER = 0;
/5  SET UP DEPTH 0. *1

DO J= 1 TO N ;
/5 ENTER THOSE NODES WITH AN ALL -O COLUMN IN THE FIRST RAr j ~ SET *1

IF A N Y ( A O J M A T ( * , J ) )  THEN GOlD OUT ;
M , NO QES(OLD ) N00(S (OLD)+1 ; DEPTH(OLD ,M):J:

OUT: (ND ;
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IF NO DC S ( O L D) < 0 THEN GOb E R R S  Is N~ CDL HAS A LL 0 5/
/5 WHI c H MEA NS T 8 A T  E V E R Y T H I N G  IS

DEPENDENT ON SOMETHIN G ELSE */

/5  OTHER W iSE.  PROc EED TO FIND RANK SETS OF DEPTH 1 Ar~D ON 5/

DO L 1  TO N—i ; /4 FOR EACH RA NK SET ( “ DEPTH” )  */
/* INITIALIZE NUMBER OF W OO FS IN NEXT R A N K  SET TO 0;

FLAG ALL NO DES A S NOT A PPE AN IN G IN NEXT R AN %~ SET I N I T I A L L Y  5/
rJ0DESCNEW)=o; UNU SE T$

00 1=1 To NO DES4O L D) ;  I 1 = D E P S I - S ( O L D , I ) ;  /5 FOR EACH NODE IN THE
PREVIOUS RANK SET */

DO J=1 TO N; /5  FOR EACH COLU ~1N (NODE) CHECK IF IT IS A
DEPENDENT OF NODE IN OLD RA N K SET * /

- 

/*  IF N ODE I S OIrENL)E,-4T OF CURRENT MOOC IN OLD RANK SET
(NODE 3 1 )  AN tS IF IT IS )4CT YET IiJ N E X T  (NEW) PANN SET

TI-i~ N ENTER iT AS A MEMBER OF T;i~ NEA T RANK SET 5/

IF ADJ t4A T (I1 ,J) THEN IF U NU SE (J) THEN
DO ; RA N K (J) = L UNUS E (J )=F ; /5  SET OR UPDA TE RAN K OF MOOt

- 
ANO INDICAT E THAT IT IS NEW RAPII( SET*/

M , NOOES (N(W ) NOOES (NEW ) +l DEPTH (NEW ,M)=J ;
END ;

(NO; -

EN D ;

/s IF THERE ARE NOT ANY NOOCS IN NEXT RANK SET, I.E . THERE
AR E NO NODES OCPcrIDCNT (-iN ~Nr r400c5 1)4 PREVIOUS R4NK SET.
THEN WE ARE DONE BECAUS E EVERY NODE HA S ITS RAN K 5/

IF NOUES (N (w) (= 0 THEN Gob REORDER; -

/* EXCHA NGE OLD AND NEW RANK SETS, WH ICH 1-A S TI-IC EFFECT OF
MAKI NG NEW RA NK SET THE OLE) ONE, A ND A NEW “ NEW” RAN K SET
WILL BE CREA TED IN NEXT PASS 5/

M N LW; NEW =OLD ; OLD M
END ;

ERR: -

RET URN ; /*C’(CLES EXIS T . tRROR RE TURN WITH ORO (R O 5/

REORDER: /5  SORT NODES BY ASCENDING RANK ORDER. */
DO I~~’ TO L-t 

I

DO ~I=i TO i-fl
IF RANK ,.fl=I THEN DO; K= K + 1 O R D ( R ( K ) = J ;  ENDS

(NO ; -

(ND ;
(ND PRECEED ;
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APPENDIX B

/ a * s * s s s s s * * * * S  s * * *S* *S* * * *~~ * * *s * *S~~**s s * * * * *5 S* */
1* 

- 5/
/4 NOPAL TEST SPECIFICATION FOR RAD IOSET 5/

/5 5/

/*~~s * * * * *s s s s s s  ************s********$**S****4~~ ***/

NOPAL SP E C I F I C A T I O~4 RAUIO$ (T ;

/5 5/
/s TEST MODuLE S: 13 5/

/5  5/
/ * s s * s s * s s S* * S I~~ ** S* * * * * * * * * **~~ * * *** *5** * * * * * * ** * /

TEST 11 -

/s  NUL L STIMULI *1 -

/5 NULL M EASU ~~ ME NT 5/ -

LOGIC SLOGI COD 1O (i): *1.; 
-

DIA GNOSIS i:
OPERATOR MESSAGE:

TYP (=14 1,
RESPONSE ?

TEST 2 - .

/5 NULL STIMULI 5/

— 

- 
MEAS UREMENT $‘1_ 2 (2);

CON JU PJCTIO~ ~M_ W 0OO 1 (SM _ 2) :
(<XJ2 ~...B. -XJ 2 4_ C> CONST _ R (M RES OHM 1 )

TARGET: r-1RE S;

A SSERTION $M..W 0002 (SM_ .2):
MRLS > 100

SOURCE: M’~ESi

LOG IC SLOGIcOO1O (2): ?1, t -’2, *51

/55*  F OLLOWING DiAGNOSIS ALREADY DEFINED Bt FOR( :

DIAGNOSI S a :
OPER ATOR MESSAGE:

TYPE U 1i
RESPONSE ?

DIAGNOSIS 2~
- OPERAT 3R MESSAGE :

A FFECTED COMPOMENTS=INPUT ..SHORT ,
TYP~ =U4 ;

DIAGNOSIS 3
OPERAT OR MESSAGE :
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OTHER PARAME TER S :S MR ES , ‘OHMS’),
TYP ( 0;

TEST SYTE SToQD 3;

STIMULI 2(SYT CST0003 )I

CON JUNCT IO 1 I SS_W 0001 2):
C ( J 2 4 _ B .  GN D> CONST _ s (27,5 VOLT ));

MEAS UREMENT $~LSYTCST 00O (SYTES T0OO 3) $

CON JUNCTION SM _ W 0 001 ($M _ SYTCST000) :
- 
1<J22 , GNO) SINL ...D(V 1 VOL T ,F1 HZ , VA R 1  SEC 5 )

TARGET: F-i . Vi
SOURCE: V AR 1S

ASSERTIO N $~I...WO002 ($M_ SY TESTOO 0):
IF VA R 1 :60 THEN

Fl = 5~~lE~~O6 +- 60
EL SE

Fl : 5* iC~ 06 +— 2 ,5
SOURCE: V A R 1 ,  Fl ;

LOGIC ¶~L O G I C 0 0 1 O ( S Y T E S T O O O 3 ) ~~~~*4 ,  ~~‘5, *6;

DIAGNOSIS 4~
OPERA TOR ME SSAGE:

TYPE :U5 ’
TIME : O ,00000 [+OOSEC , 

-

RE SPOW SE: (VAR 1)

DIAGNOSI S 5~
OPE RAT OR MESSAGE :

A F F E C T E D  CO MPONLNTS FREO _ T O L ( S T O _ 5 M H Z _ F R E ) .
OTHER PARAME TE RS = (’FRE Q’),
TYPE :$$6$

- 

DIAG r ’JOS IS 6: - -

OPER A TOR MESSAGE :
OTHER PAR A MCTE RS (Fl, ‘HZ’) .
TY P E:D

TEST ‘~~;

/s  N U LL STIMULI */

MEAS UREMENT SM W (4)

A SS (RTIflN $~Lw OOO 1 (sr;— ’.):
Vi = 0 . 26 +— 0.06

SOURCE: V i)

LOGIC ~LOGIC0 01O (4 ): *7, I-,Si

D IAGN OS IS i:
OPEKiT OR ME SSAGE : -

OTHER PARAM E TER S:(V 1, ‘ ~jRMS’) ,
T~ P(:D

~ ~;s ~ :
p (*A1 R --, SS\r (:

* .r(C1 LD ( I1NT ~~~AM PL _ T OL (STO_ !4jH2_ FRE),

- -
~~ 
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OtwER PA P~~tcC~. C..’ r~#.%PL.’),
TEST s; NP

STIMULI 3(5))

CONJUNCTION SS .W 000113 ):
( <.)24 _ B, GND > CON ST _ S (27 .5 VOLT )) z
((.416) = SI&NA L_ AM (2. QO3. MHZ ,-95 08 ,0 % .1 KHZ ));

MEASUREME N T sM _ 5(5);

CONJUNCTION $M _ W O D O 1 (SM _ 5 ):
((X .J39.A~ GND> = SIN E ..O(V 1 VOLT ,* ,3 SEC 5 )

TARGET: VI I

A S S E R T I O N  ~gj _ t40Oo 2(S M ...5 )
Vi < 0. 7

SOURCE: Vii

LOGIC SLOG ICOO1 D (5): *9, $~~iO ;

DIAGNOSIS 9
OPERATOR MESSAGE:

OTHER pARAM ETE R S= V 1, ‘v~ C’ ,

TYP (D;

DIAGNOSIS 10: 
-

OPERATOR MESSAGE :
AFF ECTED COMPONEN TS=M IN _ OUTPUT (A UD IO _ 1OM W ) ,
IYP C=14 8$

TEST 6

S T I M U L I  SS..b (6)I

CONJUNCTION $S_ W 0 001 (SS..6):
((J2’LB, GND> : CONST _ S 27.5 VOLT )) & 

- -

(<Jj6> = SIGNAL ...AM( 2.OO1 MHZ ,-95 OB .0 % ,1 K I-(Z 3) ;

MEASUREMENT SM 6(6 )i

CONJUNCTION SM_ W 0001(SM _ 6);
((XJ19..L. 6)40> = SINE ...D (V1 VOLT ,*,3 SEC 3 )

TARGET:  V i; -

ASS ERTIO N ~.)‘~~w 0 O O 2 ( S 1 — 6 ) :
Vi ~~ 0, 7

SOURCE: V 1 $

LOGIC SLOG ICOD 1O( 6) : *11, I-~12;

DIAGNOSIS 11:
OPERATOR ME SSAGE :

OTHER PAR AME TERS :(V1 , ‘ VA C ’h
TYPE :D

DIAG NOSIS 12:
OPERATOR MESSAGE :

- AF FE CTE D COMPO N[NTS :M1 N ..OUT PUT (AU DIO . .2W ) ,
1YPE 119

78 -



T~ST1STIM L (LI SS _ 7 (7)

CON JUN CTID ”J SS..W 000i ($S _ 7):
(<J29 _ 3 . GND> CON ST ...S(27.5 VOLT )) &
(<.416> SIGNAL ...AM (2.0oj MHZ ,-95 DB .0 % ,i KHZ 5:;

M EASUREMENT $M 7 (7)l

CONJUNCTION A NY _ N A M E ( S M _ 7) :
(<XJ19..A . GND> = SINE _ D(V i  VOLT ,* ,3  SEC 5 )

TARGET: V 1 8

ASSERTION $M_W0O Q2(S1~L7)
V i >: 2.33

SOURCE: V ii

LOGIC sLOGTCOO1O (7 ): ~13’ *14 , (‘151

DIAGNOSIS 13:
OPE RAT O R MESSAGE:- - -

TY PC IS1 O, -

TIIIC: O.00000E+OO SCC,
RES POi-JSE=? 

- 
-

DIAGNOSIS 1V:  -

OPERATOR MESSAGE:
OTHER pARAM ET ER S= (V1, ‘ VAC’h
TYPE :D ;

DIAGN OSIS 15:
OPERATO R MESSAG E:

AFF E CT ED COM PONENTS=MAX ..OUTPUT(AUD IO _ 1O M W ) ,
O TMER PA RAM E TERS = (’ 10 MW ’),
TYPE $$ii

TEST S;

STIM ULI $S_ 8(B) 
- -

CO NJ UNCTIO ’4 S S _ W 0 0 0 l ( $ S _ 8) :
(<J2’3 ..M, GND> CONST _ s (27,5 VOLT )) &
(<‘.116> SIGPJAL _ AP~( 2 . 0 0 1 MHZ , —9 5 DB .0 S .1 KHZ 5 ) ;

MEASUREMENT SM _ S I B ) ;

CONJUNCTION SM ..W 0001. ($ M _ 8 ) :
(<XJ 19..L’ GND> = S1NE .O(V1 VOLT ,*,3 SEC 5)

TARGET: V i;

ASSERTION 41(511— a ) :
LOG = 20*LOG1O (V 1/3 .98i ( 06)

TARGET: LOG
SOURc (: vi;

ASSERT ION 42 (511_ B ) :
Vi ) 35.2

SOURCE: V 1

LOGIC $LO GI COOIO (8 ): *16’ *17, I’ls;

D IAGNOSIS 16:

~~~~~~~~~~~ -~~~~~~ — - —~~~~~~~~~~ ___________



- 

OPERAToR MESSAGE : 
—

-- 
- 

- ‘r y p E: * 12 .
1I~~L= O .Ot1000L+OOS1C, 

- -

- gt SPc*4SE= ?I

• 

- 

DIAcNO$1S iT : 
-

— 
- 

- 
OPERATOR MESSAGE :

OTHER PARAM ETER S :(SlI . ‘ VAC ’. LOG-’ ‘ 06 ’ ) ,
- 

TYPE=O ; -

4 - - OIA (,NOSIS iP: -

OPERATOR MESSAGE :
- AFFE CTED COMPONENTS $AX_DU TPUT(AUOIO _ 2W 1 ,

OTHER PARAMEr (RS= ( ‘2W ’),
• TV PE =*11;

-: TEST 9;~ 
-

STIM ULI $S..9(~~) 5

- CON JUNCTION $S ..WOooi (~ S_ 9 5 :
- (<J24 _B , GIlD> = ~b~ ST..s(27;5 VOL T 5 ) ~

(<Ji6) :- SIGNAL_ AM( F1 MHZ ,-9~j DB .0 ~ ~i KHZ 5 )
SOURCE: F l ;

ASS ERT ION $ s_ w S O o 2 t 4 s_ 9 - :
El iNT ((’+* (RANDOM-fH)~~2 )*1OOO )/1OOOO +iE O9

TARGET: El
SOURCE: K ;

ASSER TION f~SSEf~TION *2 ($S_ 93 :
F2 = F l — 0 . O O 1

- TARGET : F2

• SOURCE : F1S

ASSER TION LOOP (
~~$_ 9) :

K LOOP _ O r tl ,7 ,1,
TARGET: K ;

MEASUQMENT $?~ 9 ( 9 ) ;

CONJUNCIION $M.~WOOO1(1P~_ 9):.
(<X J194... GIlD) = STNE...O(V2~S~~,*,O SEC 5 )

TARGET: t/2 (K )

- 
- SOURCE: K;

ASs(RT IO N $j~.-WO0o2c$*_, :
LOG = 2O~ LO G 1 0 ( V 2 ( I~~/3 .~~81( O6 )

-. TARGET : LOG
- 

- 
SOURCE : K ’ V2 (K)

- - 

- 
LOG iC $LoGI c o oJ o ( 9 ) :  *j~~. *20, *21 ;

OIA GNOSJ ~S 19:
OPERATOR MESSASE:

- 
- 

-
. OTI4ER PARAMt ~T (M$= (F2) ,

TYPE *1’I.
TIME : 0.00000E4-OOSCC , 

-

RE SP ONSE :?:

- - D iAG NOSIS 20: - -

OP1RATO1~ MESSAGE :
OTHER PA I~AMrTfR S~~(F1 , ‘ MhZ’)’

- 80
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- rYpE=D; - - - • 
- - • • . - • 

- 
-

- DIAGNOSIS 2 1 :  - - - 
- •

- OPERATOR (AESSAGE :
OTHER PARAMErERS= V 2 (Kh ‘ VAC ’. LOG. ‘ 08’).

- - - rYpE =O ;

• 

- 

TEST iO; 
- 

-

- - 

1* MULL STIMULI *1 -

• NEASUREMEJIT *~)_ 1O (1O) ;

ASSERTI ON ~Pt_WOOO 1 ($M_ l0)
RAtIO = MAX V 2 ,MI r”V 2)

- TARGE T: RA TIO
- SOURCE: V 2 ;

- 
- 

ASSER TION $,1_bIOoG2~~ M_ i e : -
- - RAT IO (= ‘~ - 

-

• SOURCE: RATIO ;

- L O G I C  ~LO GI CO 0l0I1O ) : *22, I’23;

DiAG NOS IS 2 2: - 
-

- OPERATOR MESSAGE: -

OTHER PARAMCTERS :C RATIO) ,
TYPE=O ; -

DI AciNOSIS 25:
OPERATOR MESSAGE

AFFECTED COI4PONE?~lTS=&MN_RATlO’
TYP~~=1Ii3; - -

- TEST 11 ; 
-

-

- 

• 
- STIM U%_1 6Uf l ;  •

CONJ UNCTION 4 s _ W o o o i ~~~:(<J 2~~B’ 
(MD) COPJST_ S (27.S VOLT I ) ~

(<Jj6) STsN AL _flM C2~~.oo 2 MHZ ,*i~ 08 .0 $ ‘1 ICHZ )~~:

- 
- MEASUREMENT Øf. 11 (11);

- 

- CON JUNCTION th_w00 0ic$pLln :
(<XJ 19_A , GPJD> SI~ E_ O ( V 1  VOL T ,* ,Q SEC 5 )

TARGET: V i;

- - - AS SERTION *1( $ M_ I l ) :
VI )= 2 .2

- 
- - - - - SOURCE : vi ;

- - 
- 

ASSERTION e2 ($~.~l1-) :• - 
vi <= 2.b

- 
- 

SOURc E : Vi ;

- I LOG IC tLOG ICO O L O (I1 1 *24 ~25, •~~26;

• - - D I AG N OS I S 21$ : •

- - OPERATOR MESSAGE:
- 

- TYPE= *I5 , - - 
- 

- -- 
- 

- - - TIME : O .00000C+OOSEC ,
RESP ONSE :7

L~~~. 
- 

- 
• - 

- - 
- . 

-

- 
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DIAGNOSIS 25:
OPERATOR MESSAGE:

OTHER PARAM ETERS= (V j, , • VAC ’),
TYPE:D

DIAG N OSIS 26:
OPERA TOR MESSAGE:

TYPE~~ 17i

TEST 12;

STI MULI DU (*1Y_NAME (12) ;

CON J UN C TI O ’~I ss_w 000l(ouMM v _NAME ) :
• - (<J2’~_B , GND> = CONST _ S( 27.5 VOLT )) &

(<Jj 6> = SIGNAL AM( 25 .002 MHZ ,+13 DB .0 % •j KHZ ));

M EASU REMENT SM _ 12 (12);

- CONJ UNCT IO ’1 SM _ WOO 0i (~~M _ 12) : -

(<XJ 1 9.A . GNU > OISTQR~ IO (IjIP1 S ,2 KHZ 5 )
TARGET: P1 1

ASSERTION SM_wo oQ2 (sM—12 ): 
-

P1 < 3
SOURCE: P1;

LOG IC $LOG ICOO1 O (l2 ) : *27, I’281

DIAGNOSIS 27:
OPE RAT O R MESSAGE :

OTHER PARAMETERS =( P1,  ‘ % , ) •
TYPE :D

D IAGNOSIS 26:
OPERATOR ME SSAGE:

AFF ECTED COM PON EN TS=DIS TORT (AUD IO_ 1 OM W I ,
OTHER PARAME TER S (’lQ MW ’ . 1.0),
TYPE=n1S ;

TEST 13 ; -

STIMULI $S_ 13 (13)

CONJUNCTION $S_ W 0001(SS_ 1 3):
(-(J24~ 3, GNU> cONST _ S (27.5 VOLT 5 ) &
(< ‘.116> = SIGNAL_ AM( 25 .002 MHZ ,+13 DB ,O % ~1 KHZ ))

MEASUREMENT sM_ i~~(1 3)s

CONJUNCTION $)‘LW 0001 (SM_ 13) :
- (<XJ19.L’ GNU> = L)ISTORTION (Pi % ii KHZ 5 )

TARGET: P11

- ASS ERT ION SfrLW 0002 (SrI— 13):
P 1 <:5

SOURCE: P1 1

LOGIC $LOGTC OO 1O (i3) : *29, l’3o ;

DIAGNOSIS ~~~
OPERATOR MESSAGE:
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DIAGNOSIS 30: 
-

OPERATO R MESSAGE :
AFFECTED CO M PON EN TS=D ISTORT (AU DI O_ 2W ) ,

• OTHER pARAME TERS :(’ 2W’ . 5.0),
TYPE:* i8;

/ * * * * *** ** * ***s * * *~~** * * * *** * * ***s * ** *.* * *** * * * * * */

• ~1/* MES SAGES

1* *1
/ * * * * * *** *** * * *.*s * *s * *s s *** * * * * * * * ** **s s**** * *s */

• MESSAGE fl4~
TEXT=’ R/T DC IIYPUT SHO RTED J24-B/J24—C• A N/ G RC-106 D EF ECT IVE

CH ECK PRINTOUTS FOR DEFECTS.
- PRESS ST• OP. ‘;

MESSAGE D : AL IAS : D ISPLAY ,
TEXT ’ (STETS): (PS ‘I -

- MESSAG E ~~~
TEXT ’IF A 12 MINUT I~ UUT WAR MUP IS DESIRED . KEY II~ 720 ;

OTHERWIS E KEY IN 60.
PRESS YES . ‘I

IIESSAGE u&: 
-

TEXT ’TEXT OM ITTED .’ i

MESSAGE tsa :
TLXT ’TEXT OM ITTED . ’; 

- 

•

MESSAGE #9
TEXT :’TEXT OM ITTCO. ’

ME SSAGE nio:
TEXT ’TEXT 3MI TTED .’

ME SSAGE dii :
TE XT ’TEXT OPIITTED.’ -

MESSAGE ~12~
• TEXT ’TEXT OP1XTTED. ’i

MESSAGE n iq :
TEXT ’TCXT OMITTED .’;

MESSAGE i 13:
TEXT ’TEXT OM ITTED. ’ $

MESSAG E ~15
TEXT=’I (XT OMITTED. ’;

MESSAGE fl1 7~
T (XT= ’TE XT OMITTEO .’

ME SSAGE ~i8:• ICXT = ’  (P11 AUDIO D ISTOR1 iON GREATER THAN (P2) PERCENT. ‘;
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MESSAGE i: AL IAS :~ 1. -

T(XT : INITIAL UUT S ATE HOOKUP MESSAGE. FULL TEXT OMITTED . ‘I

1*
1* UUT COMPONE N TS/FAILURES
/.

- 
/* * * * * * * * * * * *-s * *s * * * * * * * * * * * *s * * * * *s * * * * *a* * ** * * */  -

COMP _ FAIL 1: INPJT _ SHORT I

COMP _ FAIL 2: STD_ 5M HZ _ FRE , FA ILURE FUN CTION FREQ_ TOL , INDEX 1.?~~~~ t.(,);

COMP _ FA IL 3: STD_ 5MHZ .FRE, FAILURE FU~gCTI0~ =AM PL_ TOL , 1NDEX :2,?~b~&cz(~);

COMP _ FAIL. 4: AUDIO..10MW , FAILURE FUNCTION=MIN..OUTPUT , lNDEX 3.~~~ T~~.~-(,’)

COMP _FAIL 5: A uDlo _ lO ri w , FAILURE FUNCTION MAX _OU TPUT , 1NDEX 5, ?~~~~ Tz(.)

COMP _ FA IL 6: A UDIO _ IOMW , FAILURE FUNCTION REF_VOL T , PROTECT=(1 - , 11).
CO M ME PJ TS D I S T O R T I ON REF~ VOLT. TEST ,’; 

-

COMP _ FAIL 1i GA IN .RAT IO , PROTECT= (1 , 2. 3, 4. 5. 8, 9);

- COMP _ F A I L  7: A UDI3 _ 1OMW , FAILURE FUNCT ION=DISTORT , PROTECT= (1, 6);

COMP _ FA IL 8: AUDl3. 2W ~ FAILURE FUNCTI ON M I P L O U T P U T ,  IN D EX 4 , PRO T E C T W

COM P_ FA IL 9: AU D ID_ 2W I FAILU RE FUNC TION :MAX_ OUTPUT , I W D EX = 6 ,  PROTECT I)

COMP _ FAI L j o :  AUUIO _ 2w, FAIL URE F$JN CTION DISTORT ,  PROT ECT = ( 1 ,  11);

/s 
. 

5/ -

/5 UUT C O N N E C T I O N  POINTS
/5 5/

LJUT PO1NT : XJ24~~C , AL IAS GND , CONNECT OR (MULT IPLE , c s;

UU T ..POINT : 524_B, ALIAS=x ,J2LLB , CONNECTOR :(MULT IPLE . B ),
L IMIT :(VDLT , 3.50000E +0l~ 2.00000E +01, SNO),
COMME tITS :~ MULTIPLE CONNECTOR ,;

UUT ..POINT : J22

UU T _ POINT 3: ‘.516. AL IAS=X J16 , CONNE CTOR tCOAX , 1.
L IMIT (U ,IOLT , i .00000E+02, o .00000E+0O , GND) .
COM MENTS :’ COAXIAL CABLE ’;

UIIT..POINT 2: ,j24.C, AL IAS =GND , CONNECTOR :(MULTIPLC . C);

• (fliT_ POINT 40: j 19. A ,  A L IAS :XJ 19_ A , CONN(CTOR (MULT II’ LE. A ) ,
- LIMI T (VD LT , 5.000UOF_ +O0, 0,00000(+00, GNU );

UUT~ pOIw T 50: .119 8, ALI AS :GNO, CO NNECT O R: ( MULT IPLCe 8 ) 1

UI’T POINT : J1 9~ L , AL IAS :X ,J19_L , CONNE CTOR= (M ULT IPLE , 1),
LT M IT :( ,  7 .00000 E+01 ,  0 . 0 0 0 0 0 E+ 0 0 ,  G NO) ;
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~‘s ATE FUNCTIO N S 5/

/5  
- 

- 
5/

/************** *************S***$5*s***S*********/

• FUNCTION 20 CONST.R , FUNCTION TYPE :M, tPINS : 2.
PA RA M _ O1 :(X, T , LIMIT :(OHM , 1 .00000E+03, j .OOOO0~ +OO)),
VALUE RE TU RNED ITRUE /FALSE$ ;

FUNCTION 10: CONST S, FUNCTION TYPU S, #PINS= 2’
P A R A M _ 01 (X , S. L IMI T= (V QLT , 6.Qo000C+01 , O .00000E+oo)),
VA LUE RETURNED : ’ CONSTANT VO LT. ’ ; -

• FUNCTION 301 SINE_ U, A L IAS =S I NE_ DEL A Y ,  FUNCTION TY PE M, UPINS 2’
P A R A M _ Ui :(X , T. L IM IT (VC JL T , 1 .00000E +0ls — 1. 00000E+O1 )) ,

• - P A RAM _ 02 ::(Y, T, LIMI T (MH Z, 1,00000E+Oi . O.00000E400) .
PAR AM _ 03:(Z, S, L IMIT (SEC , 1 .00000E+75 , — l .00000E+75)),

• COM M ENTS ’APNPL ,, FRED .- , TIME DELYO’;

FUNC TIOr-~ h o :  FR CO_ TOL , FUNCTIO N TYpE=F ,
- PA RA M _ 01 (CO MPONENTI • S ) I

Fu NCTION 120: AMPL TOL . FUNCT ION TYP E:F,
P A R A M _ 01 (COM PONENT , 5)1

FUNCTION 13 0: MIN _ OU TPUT, FUN CTiON TYPE F,
PARAM _O 1 :(COMPONENT , ~ );

FUNCTION i4O~ M A X _ OUTPUT , FUNCTION TYPE=F ,
PARAM _ Oi : (COMPONENT , S);

FUNCTION I DISTORT , FUNCTION TYPE F,
P A R A M _ Oj:(COM PONENT , S); -

r’JPJCTION 150: REF _ VO LT , FUNCTION TYPE :F, 
-

P A RA M _ O 1 :(COM PONEN T , SI ;

FUN C T I O N  ~o: SAM . A L IAS :S IGNA L_ AM . FUNCTION TY PE=S ,  t *PINs~ 1.
PA RA M _ O 1 : (x ,  S. LIMIT (MHZ , 1. 00 0 0 0 E +O 2 .  1. 0 0 0 0 0 E — O a ) ) ,
PAR4f ~_ 0 2 ( Y ,  S. L I M I T= ( D B ,  — i . 00000E- i - O 1 ,  — 1 , 5 0 0 0 0 E 4 O 2 ) ) ,
PARAM _ O 3 : ( Z ,  S. LIM IT :(% , 1 .00000E+75, —1 .00~)OOE +75)),
PARAM _ 04 (W , S, L IMIT= (KH Z , i .50000Ei-01 , 1 ,00000E— Q 1));

FUNCTION So : LOG 1O , FUNCTION TYPE Ei
PAHAM _ O1 :IX , S)~
VALUE RE TVRN ED= ’LOG l P (X ) Is

FUNCTIOn ~o: INT, A L I AS : INTCGER, FUNCTION TYPE:E ,
• P AR A M _ 01 (X , S).

VALUE RE TURN EO ’FLOOR OF X ’ e COMMENTS :’ LARGES T INTEGER <= x’ ;

FWSC1-ION 70: RAND. ALIA S=RANDO M, FUNCTION TYPE :E ,
VALUE RETL )RNEO ’RAN ~ OM NUMBER ’ ;

FIIfJ CTION 81): ?1AX . A LIA S :MA X IM JM, FUNCTION TYPE=E ,
- VALUE REI URNED :’MAX (X 1 ,X 2 , XN ) ’ . CO MMENTS: ’ N> :i ; X A VECTOR .’

FUNCTiON 90: P11 14, AL IA S :M INIM (JM, FUNCTION TYPE :t ,
V ALUE RETURNED :’ MI N (X1 ,X 2 ,XN)’

FUUCTION : 01ST. AL IAS :OISTOR TIO PJ, FUNCTIO N TYPE=~~, s-PINS 2.
• PA RA M_ 01 (X , T, L IMI1= (S , i.00000t+7b , — 1.00000E+75)),
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PA RAM _ 02 (Y . S. LIMII :(KI-1Z . 1.Oo0OOE~ 02. o.00000t+Oo ,,
VALUE RE TiJRN ED ’TRUE /FALSE’ I

FUNCTION : Loop_ OF , FUNCTION TYPE :C,
P A R A M _O1 :(IN 1T , $5 ,

• PAR A M _ 02 :(BOUND , S) .
PA R AM _ 03 :(INCR, $), COMMENTS :’REPEAT FOR K:IN1I TO BOUND BY INCR

/**************•*t*************S*****************/

/5 5/
/5 ATE CON 1’IECTION POINTS 5/

/5  5/

/****s**s i****s*************s****s***$$**********/

— 
ATE _POINT 1~ ATE~ XJ24B , UUT_ POINTS :(J24_B);

ATE POINT ATE X J24_C , UUT _ PO ItJTS (J24 C )I

ATE_ POINT 30: ATEPT~ 3O , UUT_ POINTS :(J16. ‘.522)1

END RAD IOSET; ;•
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US Army TARA DCOM Lexington , KY 40507
ATTN: DRSTA-RGD
ATTN : DRSTA-MST Commander
Warren , MI 48090 US Army ARADMAC

ATTN: SAVAE-EMP
Commander Corpus Christi , TX 78419
US Army Av i ation Systems Command
P.O. Box 209 Commander
ATTN : DRSAV~-FPP US Army Signals Warfare Lab
St. Lou is , MO b3120 ATTN : D~L~d-0S

Arlington Hall Station
Commander Arli ngton, VA 22212
US Army Electronics Command
ATTN: DRSEL-SA Commander
ATTN: DRSEL-TL-M Sacramento A rmy Depot
ATTN: DRSEL-TL-MS (/Z/ cys) ATTN: DRSXA-MPE
ATTN: DRSEL-MA-D ATTN : Dep. Dir , Maint (Mr. A. Weaver)
ATIN: DRSEL-NL-BG Sacramento , CA 95813
ATTN: DRSEL-MS-TI (2 cys)
Fort Monmouth , NJ 07703 Commander

US Army Logistics Center
Commander ATTN: ATCL-MC
Tobyhanna Army Depot Fort Lee, VA 23801
ATTN: DRXTO-MI-O
ATTN: Dep. Dir , Mr. W. Morris Commander
Tobyhanna , PA 18466 Picatinriy Arsenal

ATTN: TSD (Bldg 352)
Comander Dover, NJ 07801
US Army Ma ter iel Systems
Anal ysis Agency Commander
ATTN: DRXSY-CC US Army Materiel Development and
Aberdeen Proving Ground , MD 21005 Readiness Command

ATTN: DRCDL
ColTinander ATTN : DRCDE-T
MIRCOM ATTN : DRCDE-DS
AUN: DRSMI-RLE 5001 Eisenhower Avenue
ATTN: DRSMI-RLD Alexandria , VA 22333
ATTN: Dir of Maint, TMDE Ofc
Redstone Arsenal
Huntsville, AL 35809
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Commander Commander
Kelly Air Force Base Naval Sea Systems Command
ATTN: SA-ALC /MMIN ATTN : SEA 98228, Mr. John Yaroma
ATTN : SA-ALC /XRXM Washington , DC 20360
ATTN: SA-ALC /MAGT
San Antonio, TX 78241 Comander

Naval Electronics Laboratory Center
Headquarters ATTN : Code 4050, Mr. D. Douglas
AFSC/LGM 271 Cataline Boulevard
Andrews Air Force Base San Diego , CA 92152
ATTN: Mr. Clark Walker
Washington , DC 20334 NASA

J. F. Kennedy Space Center
Headquarters ATTN: DE-DEO-2, Mr. L. Dickison
USAF/LGYE Kennedy Space Center, FL 32899
ATTN: Mr. C. Houk
Washi ngton, DC 20330 RIG Associates, Inc.

11250 Roger Bacon Drive
Commander Suite 16
Wright Patterson Air Force Base Reston , VA 22090
ATTN: ASD/ENEGE
ATTN : ASD/AEG Mr. Ralph Shi rak
Dayton, OH 45433 RCA Corporation

P.O. Box 588
Headquarters Burlington, MA 01803
Naval Materiel Command
ATTN: Dir, Automatic Test Mr. B. Richard Climie

Equipment Management & Aeronautical Radio , Inc.
Technol ogy Ofc (MAT 036T) 2551 Riva Road
Washington, DC 20360 Annapolis , MD 21401

Commander Mr. Roger W. Fulling
Naval Air Systems Command Hughes Ai rcraft Company
ATm: AIR 53424, Mr. M. Myles 1515 Wi l son Boulevard
Washington , DC 20360 Arlington , VA 22209

Conii~ander Mr. Leon G. Stucki
Naval Electronic Systems McDonnel l Douglas Astronautics Co.
Engineering Center 5301 Bolsa Avenue

ATTN: 03T , Mr. F. Fernandez Huntington Beach, CA 92647
P.O. Box 89337
San Diego, CA 92138 Dr. Noah S. Prywes

Dept . of Computer and Information Science
Commander Univers ity of Pennsylvania
Naval Electronic Systems Command Philadelphia , PA 19174
ATTN: ELEX 4802, Mr. G. Margul ies
Washington , DC 20360 -
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National Bureau of Standards
Bldg 225, RN A.-331
ATTN : Mr. Leedy
Washington , DC 20231

Massachusetts Computer Associates
26 Princess Street
ATTN: Mr. D. Loveman
ATTN : Mr. Thomas Cheatham, Jr.
Wakefield, MA 01880

Mr. Robert G. Kurkjlan
Hughes Aircraft Company
Bldg 6 , MS Elli
Culver City , CA 90230

Mr. Andrew Mills
Hewlett-Packard
974 East Arques
Sunnyvale , CA 94806

Mr. M. 1. Schloesser
lockheed-California Company
Div. of Lockheed Airc raft Corp.
Bldg 167
Burbank, CA 91520

Analytics
2500 Maryland Road
ATTN: Mr. S. leibhol tz
ATTN : Mr. R. Brachman
Willow Grove, PA 19090
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