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As the maintenance cost continues to soar, the application of computer program
for testing components becomes necessary. This report describes the specification
and usage of automatic computer program generation for Automatic Test Equipment (ATE).
The function of tb’~ automatic generated program is to validate UtJr (Unit Under
Test) design , test point availability , and packaging.

The system is referred to as~ NOPAL an acronym ~pr Non-procedural Operational
Performance Analysis Language . “Non-proceduralness”-’is the essential feature of
the NOPAL language ; in that test modules are speci fied modularly, and independently,
one upon another. There fo re , the additions and/or modifications of tests can be
incorporated easily and they are automatically attached in the proper places in the
program.

The report consists of five sections. Introduction, EBNF Specification,
Test rt)dule Specification , lilT Specification, and ATE Specification . For each
NOPAL statement , its EBNF definition , syntax diagram and examples are provided.
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ABSTRACT

As the maintenance cost continues to soar, the application of computer

program for testing components becomes necessary. This report describes the

specification and usage of automatic computer program generation for Automatic

Test Equipment (ATE) . The function of the automatic generated program. is

to validate [JIlT (Unit Under Test) des ign , test point availability1 and packag ing.

The system is referred to as NOPAL, an acronym for Non-procedural

Operational Performance Analysis Language. “Non- proceduralness” is the

essential feature of the NOPAL language; in that test modules are specified

modularly , and independently, one upon another. Therefore, the addi tions

and/or modifications of tests can be incorporated easily and they are

automatically attached in the proper places in the program.

The report consists of five sections. Introduction, EBNF Specification ,

Test ~bdule Specification, [JUT Specification, and ATE Specification. For

each NOPAL statement, its EBNF definition , syntax diagram and examples

are provided.
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SECTION 1

IWFW)I1)Cf ION

As maintenance costs continue to soar , sometimes exceeding procurement

costs , the cost effectiveness of using computers to reduce the time

requi red to test mechan ical and electrical equipment becomes apparent . The

Automatic Test ~ystem (ATS) , is designed to effectively reduce the major

cost in mai ntenance -- , i.e. diagnosis and fault location . The hardwa re

component of the ATS is the Automa tic Test Equipment (ATE) . The softwa re

component of ATS is the computer progra ma which direct the ATE to execute

specified tests by prescribing stinuli and measurement for the Unit Under

Test (UIJr) . The ATE applies these stimuli and perform prescribed

measurements at the IJUF/ATE interface. Additiona lly , the ATE software

component performs the necessary computations , make s the fault /safe decisions ,

and diagnoses the causes of the failure .

A software system , NOPAL or Non-P rocedura l Operational Performance

Analysis Language Processor , has been developed for the automation of ATE

program production. The main objective of this report is to describe the

structure and use of the NOPAL langua ge and progra nining Automatic Test

Systems (ATS) .

The ~perationa 1 Performance Analysis Language (OPAL) was developed for

prog ranining Automatic Test Systems . It was designed to be used in testing

a broad range of equipment including electronic , mechanical , hydraulic or

optical machines. Also, an OPAL program can potentially be nit on a variety 

~~~~~~.—— --- --



2

of ATE con f igur at  ions. OPAL , h ig h l evel computer language , l i ke  the h i g h

le vel language MS IC , begi ns w i t h  a key~~rd , such as CALL , CLOSE , l)ECLARE ,

DEFINE , (DTO , IF , REPEAT , etc. OPAL has a common ly used programing structure

such as BEGIN ENI ) block , IF 11IEN ELSE statement , CALL RETURN function , GaI’O

t ransfe r , etc . It also contains a number of bui l t - in  computational functions

such as ABS, MAX , MIN , SIN , COS , LOG , SORT , etc. An OPAL Processor is being

developed to interpret the OPAL source program .

The main disadvantage of OPAL arises from the fact that the user , i.e.

the maintenance engineer or technician , must know computer programing and

incorpo rate test sequencing into h i s  program . For example , the user laist

exp licit ly specify , e.g. , via t~ (‘Of() statement , the next test to be executed.

He also must p1~ n storage assignments . 1~breover , OPAL requires many statements

to describe a single test. In order to overcome these drawbacks, NOPAL was

introduced.

There are several essential features of the NOPAL language. ~ie of them

is the methodology of non-proceduralness. Test modules are specified

modularly and independently one afte r another. The sequencing of execution

of tests is determined automatically in accordance with a fault locating

strategy. There fore , it  is not necessary for users to provide information

about the sequence in which test are to he executed. Also , there is no

need for GOTO or CALL type statements . Sequencing execution and synchronizing

each interactive statement are handled automatically by the automatic program

generation software referred to as the NOPAL Processor.

Because of this non-proceduralness, another aspect of NOPAL is its’

incrementality, in the sense that additions and/or modi fications of the test

specification can be incorpo rated easily. For example , when tests are added

d~~ to design changes , the~user need no t expend effort to modify the specifications ,

L ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



3

hut only needs to add the new part . The NOPAI. Processor w i l l  then produce

a new test program automaticall y and report the problems in the mod i fied

specification , if  any , to the user.

Another important characteristic of NOPAL is that there is no need to

specify storage assignments. The NOI’AL Processor itsel f maintains several

descriptive libraries which enables the sharing of common data by different

modules.

A NOPAL statement can be eithe r manually prepared by the user or

generated by fault simulation. The collection of NOPAL statements describing

a functional module is referred to as a specification. The information

needed by NOPAL can he classified into three parts : (1) test modules

specification, (2) UITf specification and (3) ATE specification. Section 2

describes the Extende d Backus Norma l Form Speci f icat ion of NOPAL. Sect ions 3

to 5 provide a de tailed descri ption of each of the above three specifications ,

includ ing formal definitions , uses and examples.

Appendix A provides a complete l ist ing of NOPAL EBN F Specifications.

Finally , in orde r to make it easier to understand the various aspects of the

NOPAL language, a sample test specification, called “CPS #10559261”, which

performs faul t analysis for a control power system is provided. It will be

re ferenced throughout the remainde r of this rep ort to exemplify various

statements in NOPAL. The complete source and formatted list ings of “CPS # 105592 61”

can be foun d in Appendix B. 
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SECTION 2

EBNI : SPECIFICATI ON OF NOPAL

2.1 GENE RAL EBNF SPECIFICATION

The fo rmal syntax of NOPAL is given in Appendix A , in Extended Backus

Normal Form (EBNF) specification language. Strings of characters , called non-

terminals enc losed by angle-brackets < > represent syntactical names; and

non-bracketed names represent terminal symbols, as in conventional BNF. The

only two extentions to that are optiona 1i~~ and repetition. Units enclosed in

square brackets [ I indicate that they are optional , i.e. , they may appear

zero or one times. When an asterisk also follows the right square bracket ]~ ,

this indicates that the enclosed item may he repeated zero or more t imes. To

improve readability of EBNE specification , the entries in Appendix A have been

indented to reflect the various levels. Also , level numbers have been assigned

to indicate the depth within the tree structure. Line numbers at the right

of each EBNF specification are for easy re ference.

Fundamental syntactic units used in NOPAL are shown on lines # 1 - 52 ,

Appendix A. M s t  of them are self-explanatory. They have the usual syntactic

structure common to other programing languages such as FORTRAN, PL/ 1, etc . Some

brief descriptions as well as examples are given in the following sub-sections.

2. 1.1 STRING CONSTANT

Table 2.1 shows the EBNF specification for string constant (STRING GONST) .

A string constant can be either a character string or a hit string. Both of

them are enclosed by a single quotation mark , ‘ . A character string is composed

of any number of the keyboard characters . But a bit string consists of only 0’s

and l’s, and ends with the character “B” . For instance , ‘ABC1Z3’ , ‘-ISQ’ ,

t$*J1 56B’ are character strings. ‘OlO ’B , ‘lOllO’B are hit strings. All characters
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enclosed by/* and ~/ are considered to form a coninent statement . For example,

/* HERE ENDS ThE TEST ~/ is a coment .

2.1.2 NLWER

Table 2.2 shows the EBN F specification for ni.m~ er (N1I¼IBER) . A ni.nther

can be either signed or unsigned , integer or floating point and may app ear in

exponential form . For example , + 1.8 , -250.13 , -2 1.38E+02 are numbers .

2.1.3 VARIABLES

Table 2.3 shows the EBNF specification for the variables (VARIABLE). A

variable is either a single variable or a subscripted variable. A single variable

is a variable name, which must begin with a letter and may be followed by more

letters or digits. Twenty-six alphabetic and four special characters, @ , # , $,

and —, are considered to be letters. For example, El , XYZ are correct var iables

while 3YQ is not . A subscri pted variable is a variable name followed by a subscript

list. A subscript list, enclosed by pa rentheses , is composed of one or several

arithmetic expressions. For example , VAR (P 1*2) is a subscripted variable .

2. 1.4 ARITHMETIC EXP RESSIONS

Table 2.4 shows the EBNF for an arithmetic expression. An arithmetic

expression is a combination of integers/variables and functions, with the

mathematical operators +, 
- , ~~~, / , and ** that evaluate to a value. A function

is a function ID (identif ier) followed by zero or several arguments. For ins tance ,

SINE (2*P !*K/N) is a function with one a rgument . The order of precedence for

evaluating an arithmetic expression is in orde r of priori ty frc n high to low :
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( 1) u nit enclosed in parentheses

(2) Exponentiat ion **
(3) Multiplication * and Divis i on /

(4) Addition + and Subtraction —

Some good examples of arithmet ic exp ressions are : x , (x + y) *Z ,

~
t4

~
J( (p**fl ,Q/P) , etc.

2.1.5 IF CLAUSE

Table 2.5 shows the EBNF specification for an if-clause (IF CLAUSE) .

The if- clause causes execution of a statement depending on the value of a

Boolean term. A relational expression is a combination of variables, constants,

mathematical operators , and the relational operators ( < , ‘, , —,, , etc.)

that evaluate to either TRUE or FALSE. For example, the relational expression

(A*B) > (A**B) will be either TRUE or FALSE, depending on the values of A and B.

A Boolean term is an expression that uses relational expressions and logical

operators such as “—i ” (NOT) , “
~~~
“ (ANI)) , “/“ (OR) , etc. For example , (A> B I B>C)

is a Boolean term. Note that Boolean te .ms also return a TRUE or FALSE value .

2.1.6 CONNECTION DIMENSION EXP RESSION AND VALUE DIMENS ION EXP RESSION

Table 2.6 shows the EBNF speci fication for the connection dinEnsion expression

(CONN DIM EX) , which consists of a connector and a dimension. A connector is one

or several 1.1111’ point ID , enclosed by angle brackets “<“, 
“>“. For example ,

<Jl-A, JX-Y> VOLT is a connection dimension expression. If the connector is

replaced by an arithmetic expression , e .g . , (Y + 5) *2 VOLT , it becomes a value

dimension expression (VAL D1M EX).

--
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2.1.7 FUNCTION DIMENSION EXPRESSION

Table 2 . 7 shows the EBNF speci fication for function dimension expression

(FINC DIM EX ) . It is used in stimul i or measurement conjunctions. The basic

unit of FU’4C D TM EX is function primary , which is a function ID that may he followed

by seve ra l funct i ona l arguments. D r  example , (‘JEN ( < = XYZ lIZ , ‘RI. FAILS’) is

a function primary. Function dimension expressions are a coith inat ion of funct ion

prima ry , constant, and mathematical operators such as + , - , * and I. For instance,

3 * SUPPLY (2 * P1 HZ) is a FUNC I)TM EX.

2 .2  NOPAL TEST MJDULES, tRfl~ AND ATE SPECIFI CATIONS

A high level definition of a NOPAL statement is shown beginning at

line 1153 in Appendix A. The following is an example taken from the top

level of EBN F NOPAL :

< NOPAL SPECIFICATION > ::= [NOPAL I SPECIFICATION [< SpEC NIV~1L > 1 ;

1< NOPAL STMFS > 1*
END I < SPEC NPE > 1;

A test speci fication in NOPAL must beg in with the keyword “SPECIFICATION ” ,

optionally prefixed with the keyword “NOPAL” . Note that in string NOPAL language ,

if a keyword is composed of more than five characters , then only the first four

are significant . For example , the keyword “SPECIFICATION” can also be written

as “SPEC, ’ “SPECIFY ,” etc. The SPEC N~NE following “SPEC” is the identifier for

the whole test specification and it may appear in the last “END” statement .

Basically, the NOPAL structure corres ponds to PL/ l “BEGiN END” blocks . In between ,

there exists three classifications of statem ents as mentioned before, test

module specification , IJIJT spec i f icat ion and ATE specification . This breakdown

is illus t rated by the second level ERN E specification . -

<NOPAL STMTS > : : = < TEST MOI)ULL Sl~EC > I < UIJT SPEC > I <ATE_SPEC 

~~~~~~~~~~~ -~~~~~~~~~~ •-- -•--— -
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Note th -i i the orde r of each spec I i i  cat ion and the order of the state-

ments wi th in  each specification generally have no importance; the few

exceptions are discussed in Section 3. 1.1.

2. 3 SYNTAX DIAGRA MS

In addition to NOPAL definitions , the usage of the NOPAL language is

also described. In orde r to get the semantic flavor of the syntactical rules

in EBNF , a graph of syntax diagrams of EiBNF is given , ut i l izing the following

convent ions:

(1) lleadi~~ of the graph is placed in the center above the main graph

and is the left hand side unit  of a production rule.

(2 ) Synta ctical_ unit  ( i .e . , non-terminal) is indicated by all capital

letters underlined.

(3) Tokens ( i .e . ,  terminal symbols) are not underlined .

(4) Oj~tionality indicated by square brackets [ }, as in EBNF .

(5) Repetition indicated by asterisk ~, as in EBNF.

In the example shown in Figure 2.1 , the boxes are optional and given some

detailed explanations of the re ference unit. Also , selectiveness is represented

by a l arge left bracket as shown in the example in Figure 2 .2 .
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I (4

<EXPONENT>: E [<sIGN>] < DIGIT > [<DIGIT>]

( a )

EXPONENT

E [SIGN] DIGIT [DIGIT]
-

+--- 
—

~~= -
~~~~

F A termin al symbo ~l F o , I , 2 , . .. 9. Enter either
standin g for I I one or 2 di g i ts here, I.e.,

L 
Nexponent U j  [ 

i t can be between O and 99.

Either ~~ or
This field is option al.
If no sign Is specified

N
÷ is assumed .

Example E+ 16 , E—5

( b )

FICI JR I~ ‘. I .  ( U~\LRAI, I lI1lS ’ FRII (~ 0)- [I~NF (a) AN 1) ITS S1\1A\ I) IAGR A M ( h )

_ _ _ _ _ _ _ _  _ _ _ _
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< STRING WNST > : : < OIAR STRING > <BIT STRING >

is represented as:

STd NG (flNST

r GIAR STRING

BIT STRING

FIGURE 2.2 ILLUSTRATION OF SELECTIVENESS
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‘I’FS’I’ M~I)ULES SPECIFICATION

3.1 OVERVIE W OF TEST ~4)DULES SPECIFICATI ON

The inputs to the Automatic Test Equipment (ATE) production software are

envisaged as coming from either of two sources : (1) the simul ation software

or (2) manual input . The test modules specifications are referred to as test

st~p~ or test modules. Each test module cons ists of stimul i, measurements,

logic and diagnosis. These may be obtainable directl y from the simulation

conVonent. These test modules can also he conveniently speci fied manually, usin g

a tabu1ar or a string format . For older equipment , test procedures already

described in manuals need to be translated manually into this l anguage .

Table 3.1 illustrates a tabular form for specifying test modules in which

the step nuni ers are shown as well. Test modules are uniquely identified in

the left hand column with labels. Also, unique labels are assigned to each

stimuli and measurement portion of the test and to each diagnosis. A row in

Table 3.1 corresponds to a test module stimuli (1) and measurement speci fication (2).

A column on the right hand side of Table 3.1 corresponds to the diagnosis. The

logic speci fication (3) , placed at the intersection of the row and column , connects

the respective stimuli/measurements with the diagnoses, which indicates the

message (4) and operato r interactions (5).  The tabular fo riii provides convenience

in cases where there are several columns (diagnoses) per row (stimuli/measurements

specification) or several rows per column .

Syntactically speaking, the test module specification consists of a

collection of test module sections as shown in line #57 of the EBN F speci fication

in Appendix A. They are further discussed in the following sections .

3.2 TEST ~IJI1JLES

Usually there would he several test modules for testing each Ulfl’. Each

test module, as shown in Figure 3.1 , consists of (in addition to the label)

~

- - --~~~~~~ -~~~~-- ~~~~~~~~~~~~~~ —~~~~~~~~~~~~~ ---~~~~~~ - -.- -- - -- - . -- -~~ 
- —-

~~~
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TEST_ MoDULE_ SPEC

*TEST_ MODULE
*DIAG_DEFINJTION
*MESS ...DEFINITION

TESL MODULE

TEST [ LABEL ] ; [STIMULI ] [MEASUREMENT ] [LOGIC]

t t + ~~~~~~~~~~~~~~~~~~

I _ _  _ _

TEST stat ement con sists of 3 1 1
nnrts See I See See

Figur e 3.21 Figure 3.2 Figure 3.16
1. keyword TEST . 

_ _ _ _ _ _ _ _  _ _ _ _ _ _ _ _ _

2. lab el ( optional )
3. end statement symbo l ~

DIAG _ DEFINITION

DIAGNOSIS [LABEL ] [ :] DIAG_ BODY

If the keyword >5 characters 1o~~, I 3 201only the irst our coun I and section 3.3
Here con be DIAG ,D IAGXXX ,
DIAGNOSES, DIAGNOSIS, etc..

~MESS_ DEFINITION

MESS [AGE] [LABEL] [:] MESS.. BODY ; 
~~~~~~~

gu re3
1

1. I1l.1J S ’I J~~I’UN 01 ~ FS 1’ 1V)I~JlJ~ sl’I :I lI: ,\rIfN
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( 1) stimul i that need to he applied to the (JE ll’ at l est t i me , (2) the measurements

that need to he taken wi th  the comparisons that wi l l  determine the results,

(3) logic to select diagnoses bas”d on the results of the measurements , and

(4) the corresponding di agnoses . Semanticall y speaking, stimul i specify the

p4~~ , connections and functions , e.g. , 1X powe r supp l y function , needed to

generate the stimul i wave forms to he app l ied  to the resI~ ct ive pins . Then some

measurement funct ions , e .g. , testing constant volta ge funct ion , are taken under

some specified pins.  The results of the measurement are coninunicated hack

and evaluated to select the appropriate diagnoses , which indicate the failure

modes in a message . The log ical operators connect the stimuli and measurements

with the appropriate diagnoses and opera tor interaction as specified in Table 3.1.

These four components mentioned above are considered to be the central core

of NOPAL language and are discussed in detail in  the subsequen t sect ion s .

3. 2 . 1 STIMUL I ANI) vlFA.SUR~ 1ENTS

Stimuli and measurements specifications are s imi l a r  in syntax althoug h

they differ greatly in their interpretation and semantics. Both of them are

composed of two parts (1) labels which are optional and (2) wave fo rms . Con-

sequently, coninon syntax is used for specifying stimulus and measurement waveforms .

The syntax diagram of stimuli (measurements) is shown in Figure 3~ 7~

Major components of stimuli (measurements) are exemplified below:

(1) Keyword. A keyword “STIMULI” (or “MEASUREMENT”) is l’e()w red to

specify the type of statement.

(2) Label. An unique label is assigned to a st imul i (or n~ asurcment )

for identifi cation. Syntacticall y, a label can be either an identifier

or an unsigned integer as shown in EBN F spec i fication below:

< LABEL > : : JD EN T IFI LR - ‘ < UN S1(NliI ) INTE GER
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An identifier begins with a letter and is followed by zero or

more letters or digits . Twenty -six alphabetic and four special

characters , @ , # , $, and , are considered to be letters .

For instance, ‘3’ , ‘BS J ’ , ‘#5~T’ are valid labels , while ‘3X’ is

not. Note that the label is not necessarily required to be explicitly

specified. The NOPAL Processor will automatically generate a label

for a stimuli (or measurements) if the user does not provide one.

(3) Parent. A “parent ”~ which is also a label , is used as a qualifier

to indicate the parental relationship. Thus , the parent of a stinvl i

(or measurements) statement is just the label (name) of the test

module which the current stimuli (or measurements) statement is

associated with. Therefore, the relation ensures the non-procedural-

ness and statements then can be put at any place in the specification.

On the other hand, if  the parent of a stimul i (or measurements) is not

explicitl y specified by the user , then the NOPAL Processor will assume

and assign by default, the last test label as its parent. Consider

the example in Figure 3.3.  Situation s (a) and (b) are equiva lent ;

namely, the stimul i ‘V has test ‘Y’ as its parent.

Note that the restriction on non-procedural ness , i . e . , if no parent

field is specified , the position of the statement does have significance.

(4) Waveforms. Both stimul i and measurements have the same structure

of waveforms , which consist of one conjunction an d/or one or more

assertions. Detailed discussion is given below in Sections 3 . 2 .2  and

3.2 .3 .

A _ _ _ _  

----- ~~~~~~-----—--— —-- - --
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3.2.2 (ThJEJNO’ICN

3.2. 2. 1 GENERAL SFREJCFURE

Figure 3.4 depicts the syntax diagram of a conjunction. The keyword

(CC~LJUNCTION) , label , and paren t have the same syntactica l structure and

semantic interpretation as that of stimuli/measurements described earlier in

Section 3.2.1. As shown in Figure 3.4 , a con j unction body can be either a

collection of triplets (to be described in Section 3 .2 .2 .2)  or a back - re ference

(to be descr ibed in Section 3 .2 .2 .4 ) , hut not both.

3.2.2.2 TRIPLETS

The main conjunction body is just :i collection of triplets. The components

of a triplet are has icallv:

(1) Connection Point. It specifi es the names of connecting po ints of

an EJtTF which a t r i plet wavefo rm is to he appl i ed to or measured

from . The spec i fication of connection points is called connection

dimension_expression where dimension has the usual meaning such as

Hertz (liz) , Kilovolts (MV) , or micro-seconds (uSEC) , etc.

(2) Relation. In conjunction triplets , only an equal sign should be

used to indicate the relation of assignment, as opposed to the

Boolean relation in assertions to be discussed in Section 3.2.3.2.

(3) Function Dimension Expression. The third part of a triplet is

specified by a function dimension expression which does not include

references to connection points1 hut must includ e at least one tcnii w i t h

a re ference to a function . For example ,

< A , B > A04(VAR 2 RMS, 50 Hz)

where A04 is an alternating current measuring function with 5(1 II:

as input value. After executing, this function assigns the measured

value to VAR2 , a target variable to be used elsewhere. In this case,



CONJUNCTION

CONJUNCTION [ LABEL] [ (PARENT ) ] : CONJ_ BODY [ DECLARATION j ;

_ _ _ _ _ _ _ _ _ _  1 1
It should be the ~Iobe I ”

keyword f i&d~~~ ~~f he s~mu I us (measurement ) ~~ ~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~
CONJtJNcTION,etc. W I I See section 3.24

CONJ_ BODY

-
. I TRI PLET....CONJUNCT .

S BACK_REFERENCE

~~~~~~~~~~ [~~~~
ecti

~~3.2.T1

TRIPLET_CONJUNCT.

- 

TRIPLETS

CONN_ DIM_ EX RELAT ION FUNC_DIM_ EX

e.g. <JA ,JB>  VOLT 1Shoffld t~e e.g. ACM (VAR 2 RMS 5OHz)
connection point ID Dimension 

L __________________________

IF_ CONJUNCT

IF~CLAUSE TRIPLETS* [ELSE TRIPLET_ CONJUNCT ]

f~ I ( ; t J l~i - 3 . 1  I l ! , IN ’I~~V I I r \ 01 ( :o\; JIr~(T Io\ - ; t VII ~lI~\ I  

~~~— 
~‘: ~- - -~~~~ -- - -_~~~~--.—-- -‘-— - -~~-—— ~~~~~ —- ‘—.---- ~~~ - --— - — - - -
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the function AG4 is not considered as an implicit condition . By

def aul t, this kind of conjunction returns a “t rue” value. Consider

another example:

< A , B >
~ AQ’4 ( < 7 volts RMS , 50 Hz)

where the measure d value is compared to 7 volts and a true/false

condition is returned to the triplet.

Triplets are the fundamental units of a conjunction . If more than

one triplet are required , they are optionally enclosed in parentheses

and connected by conjunction operator “a” . A typical stimuli con-

junction triplet is shown in Fi gure 3.5. A DC power supply function

called P SIJPPLY , with arguments 29 V and 1000 MA is to be applied to

connection points .J1 G and Ji B. At the same time , another stimuli

function , called COOLI~NT , with argument 14° F. is to be applied to a

connection point Sl.

3.2.2.3 ~X1~DITI~NAL C~NJUNCTION

Another alternative for triplet conjunction is a conditional conjunction,

called IF CCt~Jt}ICTION . (See Figure 3.4) . It looks like the PL/ l or ALGOL type

“IF ThEN ELSE” structure. Figure 3.6 illustrates a typ ical example of conditional

conjunction. VAR is an input independent variable that has been evaluat d else-

where and is used by this conj unction . It is refe rred to as a SOUk~E ~tri ;~l le.

IE29VL and T which are measured in this conjunction are declared a~; TARGE F variables.

The declaration of variables will be further discussed in Section 3.2 . ~~~. Boolean

expression , VAR < 2 0 ) is first evaluated to set the condition for selecting di fferent

measurements, i.e. NvIP M function , applying to J 1 G  IJtff point or TEMP M function ,

applying to Sl connecting point. Note that , as shown in Fi gure 3.4 j r  the syntax

diagram~or in lines #76-77 of Appendix A in EBNF fo rm , the IP CONJUNCFICt~ is

- - —---~~--- - -— —~ - --- - - -~~ — - . - ------- --
~ 

. .— -— —,--
~~~~~~~

-
~~

—
~~~~ —~ — --i——.-
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( < J I G , J I B  > V P SUPPLY (29 V, 1000 MA)) ~

( < Sl > GOOUNF (14 DEG F)) ;

FIGURE 3.5. EXAMPLE OF STIMULI WNJU~CTION TRIPLET

IF VAR< 2 0  ThEN ( < J I G = A W M  ( IE29VL MA) )

ELSE C < Si > = TEMI’ M (TDEGF) )

S(11RCE : VAR TARGET: IE29VL , T;

FIGURE 3.6 EXAMPLE OF A C(1’~DITI(]’4AL (ThU1JNCT ICt4

L _ _ _ _ _ _ _ _  

- • — — - - -
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defined recursively and nested conditions are thoroughly lega l as in PL/l
or LI SP h igh level languages.

3.2 .2 .4  BACK RE FERENCE

Frequently the same measurement (conjunction) is specified in several
test modules or a single stimuli wave form is specified for a number of different
test modules. Without duplicating the same conjunction over and over again ,
NOPAL provides a convenient way for the users to handle the multiple occurrences
of a conjunction. This feature , called back reference, has the following EBNF
structure.

< BACK REFERENCE > : : = [SAME ] AS < STIM MEAS LABEL >

[EXCEPT < SIMPLE CA1~JIJNCTJCN > ]

If EXCEPT part is missing, then the current conjunction is exactly the
same as the conjunction in the stimuli (or measurement) named

< STIM MEAS LABEL >.

For example , in Figure 3.7 the conjunction body of stimuli S551l2 has the
same context as that of stimuli S5511l. Note that “Back Reference” has no effect
on the assertion. Thus, the last statement of Figure 3.7, i.e., “STIMULI S55ll3:

SAME AS S55111;” implies that the co~j~~~t ion of that stimuli is just BODY A.
But the assertion of stimuli S55113 is not HODY B and is not yet defined or does
not exist.

Occasionally two or more conjunctions are just slightly different in one or
more triplets . Hence , we may use the feature of back reference wi th the EXCEPT
option. Each connection dimension expression of the simple conjunction following

- EXCEPT is tested against that of the referenced conjunction . If a match is found ,
then the corresponding function dimension expression of the triplet in EXCEPT body
sthstitutes that of the triplet in the referenced conjunction. Thus, a modified
triplet is formed. Otherwise, the unmatched triplet in EXCEPT body is appended 
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TEST 55111;

STIMUL I S5Slli ;

(ThJJ: (BOl)Y A)

ASSERT: (BODY B)

TEST 55112;

STIMJLI S55112;

coNJ: SAME AS SSSlll;

TEST 55113;

STIMJLI S551l3: SAME AS S55111;

FIGURE 3.7 . ILLUSTRATION OF ThE USAGE OF BACK REFERENCE 
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to the re le renced conjunction . Figure 3.8 is an example excerpted from

Appendix B. The language processor wil  I catch the “EXCEPT” feature and

create a conjunction for stimuli S55l3l as shown in Figure 3.9.

Not e that at connection points , Ji ll and Ji B , the same stimuli

— function , P SUPPLY , is applied hut with a different argument, 10 MA is

used instead of 100 MA. And a new stimuli function , LOAI) NL is added to

points J 1E  and Ji B.

In s~mina ry , back re ference in one statement refers to another

conjunction wave form which has been predefined or which will be defined in

other statement. h owever, cyclical references are not allowed. Consider

the example shown below.

TEST ;

STIMUL I X: SAME AS Y;

TEST;

STIMULI Y: SANE AS X;

It is considered illegal by the processor and an error message will be
output to the user.

3.2.3 ASSERTION

3.2.3. 1 GENERAL STRUCTURE

The role of the assertions is tc perfrom the pure computation necessary

to supplement the facilities of conjunctions . Unlike conjunctions ,

assertions do not include references to connection points or to stimuli and

measurement functions. Figure 3.10 depicts the syntax diagram of an

assertion . 

~~~~~~~~~~ - — - — - — - -- - -—
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TEST 55111;

STIMULI S55l11;

CONJ : <J 1 G , .Jl B > V P SUPPLY (29V, 1000 MA) ~
.J1 P , J I B  >V = P StJ]~PLY (ISV , I MA) ~
Ji ll , ,JI B >V = P SUI ’PLY (24V , 100 MA) ~

<J 1 A , .J] B -> = LOAI) L ( 2200 (IIM) ;

TEST 55131 ;

STIMUL I S55i3l :

CONJ : SAME AS S551l1 EXCEPT

<Ji ll , J i B  > V = P SUPPLY (24V , 10 MA) ~
<J 1 E , J 1B  > = LOAD NL;

FIflIflTh 3. 8 EXAMPLE OF BACK REFEREN CE

TEST 55131;

STIMUL I S55131;

CONJ : <J i G , J 1B > V = P SUPPLY (29V , 1000 MA) ~
<J 1 F, J i B  > V = P SUPPI.Y (lSV , I MA) ~
<J 1 H , J 1B  >V = P_SUPPLY (24V , 10 MA) ~
-JI A , J i B  > = LOAD 1. (2200 ~~~~ lM) ~~

c .J1 E , J i B  > = LOAI)NL

FIGURE 3.9. TI lE EFFECT ON TIlE BACK REFERENCE

_ _ _ _ _ _ _ _ _ _ _  ________________ _ _ _ _ _ _ _



—
~~~~

- —~~---~ - —-
~~

--- --—-- —- V --- 
~~~~~~~~~~~~~ ~

—- . -- .

ASSERTI ON

ASSERTION [ LABEL ] { (PARENT ) ] : ASSE_ BODY { DECLARATION ];
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IF..CLAUSE SIMPLE_ ASSERT. [ ELSE ASSERT_ BODY J
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The keyword “ASSERT ION” (or ASSL , t SSEl~I’~ must 1w stated firs t . Labe l

paren t and declaration all have the same structure as in conjunction . Lka~ ikc

conjunction , assertion body does not include the feature of back refe rence .

h ence , if BACK_RE FERENCE appears at the assertion ’s pa rent level , i .e . ,  stiniili/

measurement, it applies to the conjunction only. As shown in Figure 3. 10,

assertion bogy can be either a simple assertion or a conditional assertion. They

are further discussed in the following subsections.

3.2.3.2 SIMPLE ASSERTION

Basic form of a simple assertion Consists of two arithmetic expressions

and a relation . EBNP specification of a relation is shown in Figure 3.11.

It can be equal “=“ , greater than “> “ , less than “ < “ or combination of them

(with negation “—~“). There exist two different  interpretations of a simple

assertion . When an assertion is used purely to indicate the value of variables ,

it should follow the form :

TAR VAR = ARITh EXPR

where the arithmetic expression on the right hand side is first evaluated , and

then the result is assigned to the variable “TAR VAR”. Here the equal sign acts

as an assignment symbol. It is essential that TAR VAR be declared as TARGET

variable and be the only variable on the left hand side of the equal sign. See

Figure 3. 12 for an example.

Note that LOG is a target variable and LOClO is an eval uation function (to

be further discussed in Section 5.2) . Stimuli and measurement assertions, while

utilizing the same syntax , are interpreted differently by the automatic test

progranming system. The stimul i assertions are interpreted in order to generate

some data. Hence, they have only the form TAR_VAR = ARITH_EXPR and the meaning

as described above. 

-~~~~~-~~~~~~~~~~~~~~
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RELATION :: =~:)i .zI>=~.(=I —,= I- —’ >I_ , <

FIGURE 3.11. ILLUSTRATI ON OF “RELATION”

ASSERT Al: LOG = 20*LOGIC (V1/3.981E-6)

TARGET: LOG SOURCE: Vi;

FIGURE 3. 12. EXAMPLE OP AN ASSERTION

_ _

~

_  
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~~asurement assertions can also play the role of descriptions of conditions ,

as if pre faced by “IF” . This kind of measurement assertions return true/false

values . Arithmetic expressions on both sides of the relationship (see Figure 3. 10)

are evaluated and a Boolean decision is made . Variables cannot be declared as

“TARGET” in this case. Figure 3.l3a gives an example of this kind of assertion.

Note that stimuli/measurements/failures functions cannot be used in assertions.

Another syntax form to express a Boolean assertion is of the structure :

< ARITh EXPR > = < ARITh EXPR >+- < ARITII EXPR > [%]

Thus, the example in Figure 3. 13a can be written in the form shown in Figure 3. 13b

or 3.l3c. In each case , if IE29V (calculated elsewhere) lies between 37 and 57 ,

the assertion returns a “true” value .

By default, measurement assertions that generate data also return a

“true” value. In this way , every measurement assertion possesses either a true

or a false value . The conjunctive value of the measurement assertions and of

measurement conjunction is con3idered to he the value of this measurement. Then

the logical operator (to be described in Section 3.2.5.2)  will select diagnoses

based on the true/false value(s) returned by executing the measu rements of a

test medule as described in Section 3.1 and Table 3.1.

Note that the ni.mber of assertions in a stii~ulus or measurement may vary.

They may be arbitrarily ordered by the user (non-proceduralness) . The NOPAL

Processor will decide , based on the declaration of variables , the correct

executing sequence an~ ng those assertions and conjunctions . Declaration is further

discussed in Section 3.2.4 .  Finally, the main restrictions on assertions (as
compared to conjunctions) are sumarized below :

(1) Assertions must not include re fe rences to connection points.

(2) Stimuli/measurements/failures functions cannot be used for assertions.

(3) Assertions do not have a “hack- reference” feature.
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ASSERTION : ABS (IE29V - ~7) < 10

SOURCE: 1E29V;

(a)

ASSERTION : 1E29V = 47 +- 10

SOURL’Ji: IJ ~~29V

(b)

ASSERTION : IE29V = 47 +- 21.3 %

SOURCE : 1E29V

(c)

FIGURE 3. 13. E XAMPLES OF ASSERTIONS 
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(4) Each assertion has at most one target variable.

(5) A test module may contain several assertions . But each assertion

is a single “triplet-like” structure , as opposed to a collection

of triplets in a conjunction .

(6) No dimensions

(7) Stimuli assertions are exclusively computational and do not return

a true/ false value .

3.2.3. 3 (DNDITIONAL ASSERT ION

Conditional assertions have the same structure as a conditional conjunction .

The EBNF specification is listed on line #84 of Appendix A. Its corresponding

syntax diagram is in Figure 3.10. An example is also shown in Figure 3.14. The

condition “IF VAR1 = 60” determines which simple assertion is to be taken . The

appropriate true/false value is returned according to the chosen simple assertion.

3.2.4 DECLARATION

All variables in conjunctions or assertions should be declared to improve

readability and to promote modularity of the specification. The user is required

to designate the variables into two classes, SOURCE and TARGET. The values

of SOURCE variables are determined elsewhere , in other assertions or conjunctions

or diagnoses. TARGET variables are local ly evaluated and may be referred to

elsewhere. For instance, consider the conjunction and assertion waveforms in

Figure 3.15. AMP M is an “amperemeter” function which measures the current in

milliampers at connection point Jl_B and determines the value of variable 1E29V.

Then the assertion that follows refers to 1E29V as source and can make true/false

decisions for the assertion.

Declaring variables not only facil itates the readabili ty, but more importantly,
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ASSERTION $W 03:

IF VARI = 60 ThF}~ Fl = 5 * 1E+06 + 60

ELSE Fl = 5 * lE+06 ÷ 2.5

SOURCE: Fl , VARI ;

FIGURE 3. 14. EXAHPIIj OF A CONDIT IONAL ASSERTION

O)NJ 1JNCTION: Ji G MA = AMP M ( 1E29V MA)

TARGET: 1E29V;

ASSERTION: ABS ( 1B29V - 47) <= 10

SOURCE : 1E29V;

FIGIJRE 3. 15. EXAMPLE OF A (X)NJUNCTION ANT ) AN ASSERTION

I
I
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the inhe rent information of declaration is used by the language processor

to determine the sequencing of test execution. Note that assertions

specified in stimuli or measurements can be executed before or after the

respective conj unctions but not concurrently with the conjunctions.

lithenever variables are not explicitly declared as SOURCE or TARGET ,

by default they are considered to be SOURCE variables.

3.2.5 LOGIC

3.2.5. 1 IN ROOUCTION TO LOGIC FUNCTIONING

The main objective of the MT~ system is to examine Unit Under

Test (IJiff), to diagnose faulty components and to output an appropriate

message. “Log ic” , the decision stage of the test modules, carries out

the followin g functions:

(1) Selects a diagnosis based on the true/false value returned by

executing the measurements of a test module.
— 

(2) Fac i l i tates test modules sharing the diagnosis

(3) Facilitates interactive comtmication with the operator

Details of the logic operator s arc further discussed in the following

Sthsection 3.2.5.2. The syntax di~i~’raj;i for Logi c is shown In Figu re 3.16.

The main body, called IkX JC l)IAG LIST, is a list of diagnosis

information which consists of a l~~ ic~l operator followed by a diagnosis

label. A typical example is sh~~i L in Fi gure 3.17 , where d
~ 

is a diagnosis

lable (corresponding to the lab el t ’ he di scussed in Section 3.3) and

arc logical operators t~) he discussed below. .

3.2.5.2 LOGICAL OPERATOR

Figure 3.18a illustrates the LBNF 5pcci fication and the syntax

diagram of the logical operators can he seen in Fi gure 3.l8h . Broadly

L 

speaking, the logical connective (I~~ ~~, 
--, , ~~~ *) indicates when a
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LOGIC: *d1, I d 2 , ~ —id3;

FIGURE 3.17. EXAMPLE OF A LØGIC STATEMENT

~ 
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<LOGICAL OPERATOR>:: < LOGICAL ...CONNECTIVES> <AFTER>

<L0GIcALc0NNEcT0R>;: I ~i-i IaJa-i I *
< AFT ER > : :  = A IA 1

(a ) EBNF Specification .

LOGICAL OPERATOR

LOGICAL CONNECTIVE [AFTER]

Ii
- aa,
*

AFTER

[ A
1~~A1

(b ) Syntax Diagram .

FU~JRE 3. 18 ILI,LJSTRIVI ION OF LOGL IAI. OPERATOR

£14
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stimuli-measurement pair selects a diagnosis. “After” connectives are used

for reverse order selection , where a diagnosis selects a stimuli-measurements

pair.

A disjunction operator (~~) is to connect any one stimuli-measurement

pair with a selected diagnosis, where the measurement returns a “true” value .

A negation symbol is added ( I — ’) to indicate the specified diagnosis is

selected when the measurement returns a “false” value . For instance , let

B(Mj) be the Boolean value returned by test i and the corresponding logic

look like:

LOGIC: Id , Hd ,
1 2 3

First, B(M.) is evaluated. Then if it tunis out to be true , diagnosis d1
is selected, otherwise d2 is issued. However , d3 is selected regardless of the

returned value, in other words , a ‘~~~~~~
‘ symbol is used when the diagnosis

selection is independent of the returned value. Note that the use of and ~—,
are similar to those of the words ‘11JLN” and ELSE” , respectively, in an

“IF” type statement in programming language. The above example can be rewritten

by PL/ l - like language as fol lows:

SELECT d3;

IF B(M
~

) THEN SELECT d
1;

ELSE SELECT

The conjunction symbols (~~, ~
—

~) are used similarly to indic ate that

the conjunction of true/ false values , n-turned from execution of measurements

in a ntmi,er of stimuli-measurements pairs , are needed in orde r to select a

diagnosis. Consider the following example in Figure 3.19 . Suppose diagnosis

d1 is referred to only in tests 1, 2 and 3. Then d 
~~~

t111 be selected if and

only if the values of measurements 1 and 3 are t rue and measuremont 2 returns

--

~

-~
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false. Its PL/l -like structure appears as follows :

IF B(M~) ~ —~B(M 2) ~ B(M~) 1IIEN SELECT d1;

Note that a * / ) / )~_, - type logical operator can be handled by one pair of

stimuli-measurements at a time, while ~~~~~ - type operators have to do

with all the related pairs.

Another type of logical operators, “AFTER” and “AF1’I3R-Nffl~’, shows

the reverse order selection , where a diagnosis selects a stimuli-measurement

pair. The symbols ? (after) and ?-, (after-not) arc used for this purpose

to indicate that the stimuli-measurements pair is to be executed immediately

following the execution of diagnosis part. This feature is intended to accomo-

date interactive communications between the computer and the operator. Consider

the example in Figure 3.19b. Test i is scheduled (by the language processor)

to be performed first, and a diagnosis d1 is output. Usually d1 is an inquiry -

type message to the operator and waits for a response from the operator. If

the operator keys in Y (Yes), then test j is immediately executed. Otherwise,

when N (No) is keyed in , test k is selected to be performed. i~bre details about

operator response are discussed in Section 3.3.2.

3.3 DIA(?~IOSIS

This section describes the use of diagnosis (see Figure 3.1). The keyword

“DIAC?IOSIS”, label and delimiters (i.e., “:“, “;“) are similar to those of -

stimuli discussed in Section 3.2.1. The main diagnosis body can be one of the

two syntactical forms: keyword form or positional form. Each field in

the keyword form is specified by an English language-like descript ion. Whi le

the positional form is a shorthand form of the description, they have a one to

one correspondence that will be described in Section 3.3.3.

Syntactically, the diagnosis body consists of two parts: (1) operator

messages and (2) operator responses.
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TEST 1;

(STIMULI - MEASUREMENTS)

LOGIC: ~ d.

TEST 2;

(STIMULI - MEASUREMENTS)

LOGIC: 
~~~~

TEST 3;

(STIMUL I - MEASUREMENTS)

LOGIC: ~~ d~~

(a)

TEST.;

(ST IMJL I MEASUREMENTS) .

LOGIC: *d

TEST~;

LOGIC: ?d1;

TEST k;

LOGIC:

(b)

FIGURE 3.19 ILLUSTRATIONS OF LOGIC FUNCTI(]4

—

~

—-- - - - ---- ~~~~~~-
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3.3.1 OPERATOR 1~ESSAGES

The operator message itself is composed of as many as four parts .

(1) Affected Components. This is a list of fai lure functions indicating

the modes of failure together with the identification symbols of

the corresponding components which the diagnosis asserts to have

failed. All the affected components can be either conjunctive or

disjunctive , but not mixed. For instance , the example in Figure 3.20

indicates that at least one component of Rl/R2/R4/R6 is faulty.

Its failure function is S (short circuit) which will be defined

separately under “T components/failures in Section 4.4. Note that

S(Rl/R2/R4/R6) is an abbreviated form of S(R1)/S (R2) /S(R4)/S(R6) .

Each affected component can be specified either (1) by the failure

function followed by the component id enclosed in parentheses, or (2)

by the component-failure sequence nimiber which uniquely identifies

the affected component. This too is further explained in Section 4.4.

(2) Other Parameters. These will be inserted in the diagnosis message.

Each parameter is a variable, a nunber , or a string constant.

(3) ~~ssage Type. This refers to the message identification where a

message identification and an optional alias, together with the

full text of respective messages must be provided separately (See

Section 3.4). Suppose the definition of message type 1 in Figure 3.20

is:

MESSAGE #1: ‘AUDIO DISTORFION GREATER ThAN (P1) PERCENT . ’ ;

Thus, whenever this diagnosis (15) is selected, the above message,

with 25% substituting for P1, is the output to the operator.

(4) Timing. The timing specification indicates when the message is to

be sent to the operator in respect to the beginning of the application

of the stimuli. When no time specification is provided, this implies



48

DIA(}~OSIS 15:

OPERATOR MESSAGE :

AFFECtED (X)MPONENT’S = S(Rl I R2 R4 R6) ,

IYI1HIER PARAMETERS = (‘ 25% ‘ ) ,

TYPE = #1 ; -

FIGURE 3.20. EXN4I’LE OF A DIAGNOSIS IN KE~~ORD FORM

_ _ _ _  -~~- -~~~~~~~~~~~-
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that the message is to he sent upon conclusion of the

stimulus -measurement pair.  This feature is provided to

enhance the facil i t ies for real time interactive exchanges

with the operator. Consider the example in Figure 2.21.

Whenever this test modul e is scheduled , diagnosis 4 is issued

first before apply ing any stimuli or performing any measure-

ments. Usually, it is an inteactive diagnosis. Thus, the

test procedure is temporarily suspended in order to receive

a value or instruction from the operator. The “Time”

parameter having a non-zero value assigned to it is logically

valid , hut it is seldom used.

3.3.2 OPERATOR RES1’ONS1~
When the message contains instructions to the operator to perfomi

duties such as pressing keys, reading meters or making measurements, a

response from the operator may he necessary in order to conclude the lests.

The specification of required responses consists of one of the following:

(1) Y (YES). The operator instructs to proceed with the suspended

test or to initiate a subsequent test.

(2) N (NO) . The operator does not want to continue normal testing.

In this case the test will he concluded and a connection tn sub-

sequent activity may he indi cated by use of the logical operator

A-t .

(3) VAR . The operator would key into the terminal the v~i [ues of

listed variables (e.g. , measured values, selecti ng options), and

key in “Y” to proceed.

~

- -

~

-~
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3.3.3 POSITIONAL DIAGNOSIS

To avoid laborous writing of lengthy keyworded language, a shorthand

form called positiona l diagnosis can be used. Figure 3.22 shows the

LBNF specification for this alternative.

For instance, DIAG 29: (, (P1, ‘% ‘) ,D); is equivalent to:

DIAGNOSIS 29:

OI’ERATOR MESSAGE:

OTHER PARAMETERS = (P1 , ‘ % ‘ ) ,

TYPE =

and DIAG 24: ( , ,  #15 , 0), ? ; is equivalent to:

DIAONOSIS 24:

OPERATOR MESSAGE :

TYPE = #15

TiME = 0.00000E+O0 ,

RESPONSE = ?;

Note that ? represents “Y /N” for response symbols i n curre nt imp le mentation .

Also, the coninas in operator message clearly divide the message into four

subfields , namely (1) affected components , (2) other parameters , (3) message

type , and (4) timing , i.e. , exactly the same fields as defined befo re . Missing

information between comas indicates that subfield is optional .

3.4 MESSAGE [EFINITION

It has been found that a large mither of diagnoses can share a few

messages . A few message types are considered to be adequate for severa l

diagnoses since they may be modified by inserting parameters in the indicated

locations in the message at execution time when the diagnosis is selected . 

--- - ~~~~~~ --~~~~-- --~~~~— .~~~~~~-~~~~~~~~~~~~~~~~~~~~~- - 
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< POSITIONAL_DIAG > : := [<OP ERA TOR MESSAGE > 1 [, < OPERATOR RESPONSE > 1

< OPERATOR MESSAGE > : : = ( [ < A F FECTED C(1~1PONENTS > 1
[,[  < OilIER PARAf’~EFERS > 1 [, [  < TYPE > 1 [, < TIMING > 1]])

I < AFFECTED_Cc~1PcNE!~ff S

FIGURE 3.22. EBNF SPECIFICATION OF A POSITIONAL DIAGNOSIS - 

~~~~ -~~~~~~~~~~~~ - - -~~~~~~ -- -~~~~— .- ~~~~~~~~~~~~~~~~~~~~~ 
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consequent Iv , a list of message de tin i t  ions must he provided in the test
nixlule spec i licat ion . The syntax diagram of message definition is depicted
in Fi gure 3.23. Key~~rds (NESSAGF, ALIAS , TEXT) and label have the usua l
meanings. f*.~ssage text is just a character string with some parameters to be
inserted during execut ion time. For an example , see Figure 3.24.

The option of “ALIAS” is just giving a synonymous name to the current
message text. We can use either the message 18 or #18 in the test module
in the example shown in Figure 3. 24 .

~

-..——. ..——.. —_ _  t t-rrr~~ . . ~~~t _._... ..._ _ . - -  - — — —~~~~
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M~SS 18: AL I A. S  = 11 1 8,

‘(I’ I ) WMIk)NFNT 1)1 ST0I~I’ ION (;R1~A’ll~R Ii IAN (P2) I’I~RCI~NT. ‘

Fl (;uRI~ 3.24. LXAMPI,Ij OI~ A MIiSSAGE S’I’A~ILMI~ tI

-
- ~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~ - - — - - . -~~ -~~~~~~~~ - _____________
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SECTION 4

UtTI’ SPECIFICATION

lilT (or tkiit Under Test) related in formation needed for the automatic

program generation is organized into two sections: (1) interconnecting points

which are used for identification of connecting points and (2) component fa ilures

which identify all the possible faulty components with the failure modes

(types of fai lures).

4.1 U h F  CONNECTION POINTS

The general structure of a UhF Connection Point is shown in Figure 4.1.

UUT POINT ID , a symbolic name , is used to identify connect ing points, e.g. ,

J24_B , J 14 , etc . are UUT_POINT_ID. SEQ# which is optional is just an

internal seqt~ nce rnm~ber for the NOPAL Processor and has no significant mean ing

to the user. IJIJF_KEYW)RI) is the main body of this section and consists of

the following information :

(1) Alias.  A synonym to the IJIfl PO INT II) . For example,

Ji ll , ALIAS = (‘IPOIJND

(2) Connector. This is a code identify ing the type of connector

- 
used with the Uhf and/or the connecting point on the connector.

For example, Uhf PT3: 316 , CONNECTOR = (CQ/’IX , C);

where coaxial cable is used as a connector and “C” on the coaxial

cable is indicated as the connecting point.

(3) Limit. This information is intended to protect the connecting

points from inadvertent damage to the hJtTf caused by excessive

stimuli power. The information consists of maximun and min innin 
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value s of each stimul i that may be appl ied. I t  is composed of

four sub-items as follows :

(a) Dimention (e.g. ,  volts , Ampers (AMP) , etc.)

(b) t~Faximum value

(c) Min imum value

(d) Reference point (to he used to measure maximun/

min imum values)

(4) Coments. Any coment enclosed in sigule quotes may be used.

Figure 4.2 illustrates an example of a UUT connecting point section .

A IJLTr point 40 , called .119_ A (or XJ19 A) , i_ s connected to point A of a

multiple connector. Protection limit is specified to be 70 volts and 0

volts for the maximum and minimum , respectively, w.r . t. “ground” point.

4.2 Ut!!’ C(X’4PONFI~T FAiLURE SECTION

All the possible faul ty components and their fai lure modes must he listed

in this section as a means of checking correctness and completeness of the

tests. Its~syntax diagram is shown in Figure 4.3. The major items of information

arc :

(1) SEQ#. This sequence number which is optional can he used uniquely

to identify the faulty component. The same number may be utilized

in diagnosis messages to indicate the failures as described in

Section 3.3.1.

( 2 )  Component. This is the i dent i fication syI1~)ol of a component.

(3) Component Fail Key~~rds. Consisting of the following information :

(a) Alias. A synonym to the component id.

(b) Failure Function. Indicates the type of failure for

the respective component, e.g., Open , Short, Out of

Tolerance, etc.
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(c) Parameters. The names of failure function variables,

if any.

(d) Failure Index. Th i s  is a number used to index the compo-

nents by likelihood of failure . The smaller the number ,

the larger the likelihood. It can be used by the test

sequencing program to assign precedence in executing tests

for possible failures of components with higher fai lure

likelihoods.

(e) Protection. A list of other component identifications

whose failures will prohibit testing a given component.

(f) Coments.

Figure 4.4 illustrates an example of an entry of the (JUT crmiponent failure

specification. STD 5~1IZ PREQ and FRFQ TOL are the name s of component and

failure function, respectively. Should Component 1 and/or 11 ~i i1 , this

component could not he tested. 

~~~-- --~~~~~~-- - — - -~~~~~~~~ - --— _ 
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~~1PONE~T FAILURE 2:

STD 5M~Z E ~RFQ, FAIL = FREQ_TOL,

INDEX = 1, PRUF = (1,11) :

FIGURE 4.4. EXAMPLE OF LU!’ COMPONFNr FAILIJRJ~ STATEMINT

A ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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SECTION 5

ATE SPECIFICATION

ATE related info rmation needed to verify test module specification s

and the LIII’ specification fall into two parts : (1) MT:connecting r o i f l t S

to match connectors of the IJUT and (2) fun ctions specifi ed in the stimuli

and measurements parts.

5.1 ATE CDNNECI’ION POINT SPECIFICATION

ATE connection point specification is used to describe an adapter used

to interface with the connecting points of the ULJT matching connector. Its

syntax diagram is drawn in Figure 5.1, and an example is shown in Figure 5.2.

The example shows ATE point named ATIiPT#30 (or U3 A) is connected to Uhf!’ points

Jl6 and J22. Note that the HIT!’ points have been previousl y defined in

Section 4.1.

5.2 ATE FLI4CTION SPECIFICATI ON

Functions used for specification stimuli., measurements and for component

failures must be stored in the memory of the computer for re ference at text

execution time. Purely computational functions , such as RANDOM (G’-nerate a random

value), ‘MAX’ (Find the maximum value), etc. and control functions , such as

‘REPEAT’ (Form a DO-loop control structure), etc. may also be used. The syntax

diagram of function specification is shown in Figure 5.3.

Function keywords contain the following items:

(1) Alias. A synonym to the function name.

(2) 
~~~ 

Specifying the function type. There are five of them:

S (Stimuli), M (Measurements) , F (Failures) , E (Evaluation), and

C (Controls) .
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ATE POINT 1: ATEPT#30, ALIAS = H 3 A ,

LJIJI’~~FS = (Jl6 , J22)

FIGu RE 5.2. EXAMPl E OP ATE CONNECTION POINT STNfliMI NT

_________— - _- -- - -
--— - 
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(3 )  ! II ~ir is . Ind i c a t ing  the number of  pins needed for :i funct ion of type s/M.

(4) Parameters . Include parameter name , parameter type , and parameter

l i m i t s .  Pa ramete r l i m i t s  contain  the infonnation of dimens i on ,
Vmaximum/min imum values.

(5) Values Returned. By the execution of the called function, the

measured or evaluated value(s) may be returned to the calling routine.

This item, a character string, provides the description of returned

values.

(6) Cooperation. Specifying the functions needed for parallel execution

wi th the given function. This applies especially to the synchroniza-

tion of stimuli and measurements functions .

(7) Conm~nts.

An example of ATE function entry is shown in Fi gure 5.4. This function ,

named “CONST S” (or “CONSTANT STIMIH, I”) , is a stimul i function wi th a fo rma l

paramete r “X” . The range of “X” can be from 60 volts to zero volt. This function

generates a constant voltage, namely X volts , as a stimuli to the ATE.

____
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FII4C 10: c0NST S, ALIAS = (DJSTANT STTt4JL I , TYI~E = S,

PARM = (X , S, LIMIT = (V. 60,0)),

VAIIJE RETLJRNEI) ‘CONS~I’ANT VOLTAGE . ’;

Fl GU RE 5.4. EXAMPLE UI : ATE IIJNCT ION STATEMENT

- - - - -~~~~~~~~~ - -~~~~~~~
-
--~~~~—--
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B.1

APPINI)IX B

EXAMPLE : CPS #10559261

The objecti ve of th is appendix is to illustrate the use of NOPAL

and the output produced at the end of the synta~c anal ysis phase of the

MOP/ti, Processor. Con t rol Powe r Supply 1055926 1 is one type of military

electronic unit. The appendix consists of four parts: (1) Circui t Diagram,

(2) Functional Specification, (3) NOPAL Input Program, and (4) NOPAL

Output Reports.

B.l CIRCUIT DIAGRAM

Figure B.l shows the circui t diagram of CPS #10559261. This is referred

to as a Unit Under Test ([JUT) . The connector shown on the left of Figure B.l

marked Ji , is used for connecti ng the 1RJT to a matching connector which inter-

face s with the Automatic Test Equipment (ATE) . At these connecting points ,

the stimuli may be applied, and measurement can he taken. De finitions of all

[JUT and ATE connectin g points are cntered by the user in NOPAL source statement

as shown in Table B.2.

B .2 F[I~cr Ia’.~AL SPEC 1FIGATW’.~
The user usually starts with determination of tests to he performed. In

this example , the tests have been provided by the manufacture r and in the

corresponding military specification of the circuit. Table B.l is extra cted

from Unta Sheet # 10559261 (MIJi-tary MIL-C-14866 (lii), 2 ~~rch 1970) . This

speci fication of test is further discussed below.

B.3. NOPAL SOURCE SPIiCIF1CAT 1(~
Given circui t diagram and fu nctional s pec i f icat ion , NOPAI. Source

Specification is prepa red in the fo l lowing way.

First we w i l l  prepare Test tvbdule Specification.
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B.  3
MIL-C- 14866 (MU )

PACKAG iNG DATA SHEET

10559261 Packa ging of Control 1 Power
Supp ly: 1055926 1

(Cop ies of specifications , standards , drawin gs , and packa ging data
sheets required by supp liers in connection with specific procurement
functions should be obtained from the procuring activity or as directed
by the contracting officer. )

3. REQUIREMENTS

3. 1 Fabrication. - The power supply control shall be manufac-
tured in accorda nce with Drawing F 1055926 1 and drawings pertainin g
thereto.

3. 2 General specification. - The power supp ly control shall
meet the following requirements , where app licable , of M I L -F -13926:

(a) Order of precedence
(b) Dimensions and tolerances
(c) Part identification and marking

3. 2. 1 Electronic workmanshi p. - The power supp ly control shall
meet the workmanshi p requirements of Drawing F 1055926 1 and drawings
pertaini ng thereto.

3. 3 Pe rformance. - Unless otherwise specified, the power sup-
ply control sha ll meet the performance requirements of this specification
at standard ambient temperatures between 60 degrees Fahrenheit (°F)
and 90°F.

3. 3. 1 Loads , power and si gnals. - The power supp ly control
shall perform as specUied herein wh~ii the loads , power and si gna ls
of Table I are app lied as specified.

TABLE I

ITEM CONDITION CH ARACTERISTICS CONNECTIONS

1. Loads: As specified
he rein

1. 1 Resistor 2 . 2  kilohms , ±5%

TABLE B .l FIIJCTICtIAL SPECIFICATION OP CPS-10559261
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MIL-C- 14866(MU)
TABLE I (continued)

ITEM 
- 

CONDITION CHARACTERISTI CS CONNECTIONS

1.2 Diode-resistor 1N1202
network .71-E

( 240 ohms ±5%
~~

+ 17 V 1N1202 —i—
(*I V)

Maximum p-p
2. Power sources: Tolerance ri pp le Connected

betwee n fol-
lowing pins
of Si:

2. 1 15 Vdc *0. 7 Vdc 25 mV F(+) and B(-)
2. 2 29 Vdc *1 Vdc 25 mV G(+ ) and B(- )
2. 3 17 Vdc *1 Vdc 25 mV (See item 1. 2

above)

3. Signal sou r ces:

3. 1 Analog *14 Vdc to +32 Vdc , As specified
_____ ________________ 

adjustable he rein.

3. 3. 1 . 1 Battery char g ing current.

3. 3. 1 . 1 . 1 Wit h the si gnal voltage of Table I adjusted to 24 *1
Vdc and ap plied between J1-H( + )  and .T l-B( -) ,  and the 2. .2-kilohrn load
of Table I connected between 51-A and J 1-B , the dc current at .Tl- G
shall be 47 ± 10 mA.

3. 3. 1. 1 . 2 Under the conditions of 3. 3. 1. 1 . 1, a reduction of
the temperature of thermostat Si to less than 14°F shall cause the cur-
rent at J 1- G to decrease by at least 10 mA.

3. 3. 1. 2 Q-sw itch voltage.

3. 3. 1. 2. 1 Under the conditions of 3. 3. 1. 1 . 1, but with the sig.-
nal voltage of Table I adjusted to 31 ±1 Vdc and app lied between J 1-H( +)
and J 1-B(-) ,  the voltage at f l -A shall be 30. 5 ±1 . 5 Vdc.

3. 3. 1. 2. 2 Under the conditions of 3. 3. 1 .2 . 1 , but with the sig-
nal volta ge of Table I adjusted to 15 ±0. 5 Vdc and app lied between .T 1-H( +)
~nd T 1-B(-), the voltage at 31-A shall be 23 ±6 Vdc.

TABLE B . l  IThCF I~1~AL SPEClPICAT J f?~ OF CPS -10SS9 26 l (continued)
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B . 5
MI L-C- 14866(MIJ)

3. 3. 1. 3 +24-volt outp~t.

3. 3. 1 . 3. 1 With the diode-resistor load of Table I connected as
specified , and with the si gnal voltage of Table I adjusted to 24 ±1 Vdc
and app lied between J 1-H( + ) and J l - B ( - ) ,  the voltage acros s the 240-
ohm load shall be 16 ±2 Vdc.

3. 3 . 1 . 3. 2 Under the conditions of 3. 3. 1. 3. 1, but with the volt-
age at 51-H adjusted to 15 ±0. 5 Vdc , the voltages across the 240-ohm
load and at pin 5 1-A shall be within 2 volts.

3. 3 . 2 Environmental.

3. 3. 2. 1 Storage temperature. - The power s upp ly control shall
meet the requirem ents of 3. 3. 1 at ambient temperature (60°F to 90°F)
after having been expos ed to and thermall y stabilized at -80°F and + 160°F.

3. 3. 2. 2 Operatin g tem peratures. - The power supp ly control
shall meet the r equire me~its of 3 . 3. 1. 1. 2, 3. 3. 1. 2 and 3. 3. 1. 3 while
exposed to and therm all y stabilized at -40°F; and shall meet the require-
ments of 3. 3. 1. 1. 1 , 3. 3. 1 . 2  and 3. 3. 1. 3 while exposed to and thermall y
stabilized at + 125° F , subsequent to which it shal l meet the requirem ents
of 3. 3. 1. 1, 3. 3. 1 . 2 , and 3. 3. 1. 3 at ambient temperature (60°F to 90°F).

3. 3. 2. 3 Vibration. - The power supp ly control shall meet the
requirements of 3. 3. 1 after being exposed to the following vibratory
conditions:

(a) Amp litude: 0. 5 inch maximum
(b) Acceleration: 4g maximum
(c) Cros sover frequency: 12. 5 Hertz (Hz)
(d) Sweep time: 5 to 500 to 5 Hz in 15 minutes.

Two sweeps in each of the
three mutuall y perpendicu lar
axes.

3. 3. 2. 4 Shock. - The power supp ly control shall meet the require-
ments of 3. 3. 1 after being exposed to a total of 6 shock impulses , one in
each direction of the three mutuall y perpendicul ar axes. Each shock
impulse shal l be a sawtooth or half-sine wave with a time duration of 6
milliseconds . The peak amp litud e of each shock impuls e shall be 100g .

3. 3. 2. 5 Immersion. - With the power supp ly control pressurized
to 5 ±1 psi g with nitrogen or air , and submerged no mor e than 2 feet in
water at a temp erature of 110 ±10°F , there shall be no evidence of gas
bubbles emanating from inside the unit during a 15-minute observation
period.

TABLE B.1 RJNCI’ ICt~AL SPECIFICAT I ON OF CPS - 10S 592 61 (continued)

~



B.5

To speci f y the first test, refer to paragraph 3.3.1.1.1, “Testing

battery charging current” Table B.l. The test module specification is

shown in lines 5 to II , Table B.2. Fi rst assign a test name for the test ,

e.g., 5511!. Next assign a name to the stimuli part, e.g., S5Sl11. If

they are not supplied , the NOPAL Processor will automatically assign

uniques names for them. The functional specification (see Table B.l,

3.1.1.1.1) says : “With the signal voltage of Table 1 adjusted to 24 ± 1

VDC and applied between J 1 H  (÷) and J1_B (-), and the 2.2 Kilohm load of

Table 1 connected between Jl _A and J 1 B  “ It implies the following

stimuli conj~~ctions :

(1) Between G and B - - -  Apply 29 VDC . 1000 mA is obtained by

roughly calculating the maximum current between points C and

B. (Refer to item 2.2  of Table B. l)

(2) Between F and B - - - Apply 15 VDC. Maximum current will be 1 mA.

(Re fer to item 2J of Table B.l)

(3) Between II and B - - - Apply 24 VDC. Maximum current 100 mA.

(Refer to specified requirement in 3 .3. 1 . 1. 1)

(4) Between A and B - - - Connect a 2200 ohm load (Re fe r to specified

requirement in 3 . 1. 1. 1.1) .

— 
Therefore , the stimuli of this test (TEST 55111) appears in NOPAL fom as:

STMJLI S5511 1;

c :s w~_ I I w ’ J ( I l (~’J: .JI 5 ; , . 5 1  I~- Voi:i I’ ;isI’ i’ i.y ( _ ‘‘)V ( )I,I, , i I J f I ~ I ~4J\P4I’; ~

.J I F , - 11 B> VOLT = P SLJ I ’PLY (!SVOLI , I MJ\MJ’) l~
<J1 H, JiB> VOLT = P SIJPPLY (24VOLT, 100 M.AMP) ~
<J 1 A , Ji B> = LOAD L (2200 OHM) ; 

-~~~- - -~~~~~~ ~~~~~~~~~-- ~~~-~~~~~----
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The measurement is taken at point C according to the functional speci fica-

tion (3.3.1.1.1) - - -  “the DC current at J I G  shall. he 47tlOm~.” h ence,

the measurement conjunction is Formed to take the i)C current at point C. An

assertion is made consequently to decide if the measured value (i.e.. 1E29V)

ful ls  within 47+10 mA. The NOPAL measurement statement is then :

MEA.SUREMENT;

CONJUNCTION: J i G  MA = AMP M  (1E29V MA)

TARGET = 1E29V;

ASSERTION: ABS (1E29V-47) 10

SOURCE : 1E29V;

Next part in the test is a LOGIC statement. Mter calculating the circuit

diagram, at least one of Rl/R1l/CR3/Q1B is faulty if this test fails. Hence,

diagnosis 2, with affected components such as Rl/lUl/CR3/Q1B and message

(type 1), is selected to indicate the fault. Di agnosis and message

definitions should be provided separately. They are shown in Table B .2

line 132. Note that the non-proceduralness ensures that they can he put on

any place of the program in any order. For example , diagnosis 2 looks like :

DIAG 2: AFFECTED COMP = S(RI)/ S(Rll)/ S(CR3)/NS(Q 1B) ,

TYPE = 1.

The message type is a text of character string wh ich may be modifiable by

inserting parameters in indicated locations . For example , message type 1

looks like :

MESS 1: ‘FAULTY COMPONENTS : (C) ’ ;

However , the decision relating to fault isolation somet imes cannot be made

after a single test , but only after several tests. For instance, by calcula-

tion or computer simulation , component QIA is Iaul ty when all  th ree tests
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—

~ (Tests 55111 , 55131 , 55132) fail. The LOGIC part of above three tests must

then include an entry fr’l2, where diagnosis 12 wifl indicate QIA is faulty.

The complete LOGIC part for test 55111 is:

LOGIC 1—~2, f1—18, ~—,1O. ~—,l2;

IneJ uded is a complete test nE duic specification for one function test

requirement in p~’ragraph 3. 3.1.1.1 of Table B.l. Similarly , all the other

test modules can be speci fied. *

After finishing test module specification, the UIJT and ATE ~p~ecifications

must also be prepared. [JUT related information needed for automatic program

generation includes twe parts : (1) inte rconnecting points wh ich are used for

i dent i fications of connecting points , e. g. ,  UIJf P J I B , ALIPS = TANK POW1~R RETIJRN,

(X)t+IENT = ‘G RCIJND’; as shown in line 137 , Table B .2 .  Note that all the [JUT

connection points should be defined, and (2) component failures which identify

all the possible faulty components with the type of failures e.g. (XNP_FAIL 2:

Ri, FAIL F114c’r1cT4 = 5; which is shown in line 51, Table B.2.

ATE related informat ion needed to verify test modules specifications and

the [JuT specifications falls into two parts : (1) all ATE connecting points

to match connectors of the IJUF , e.g. , ATE_P 30: ATEP’F#30, UUT_PTS = (Jl6 ,

J22) . This part of the specification may be omi tted if no connectors between

IJIJI’ and ATE are required .and (2) all ATE functions specified in the stimuli

and measurements sections, e.g. ,

*Thj s step involving the preparation of the NOPAL source may be automated
in the near future . Some progress on that has been reported in “Automatic
Test Program Generation for Automatic Testing Systems,” written by Cihan
Tinaztepe and others in ~‘bore School Technical Report , University of
Pennsylvania , March 23 , 1976.

_
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FIJ~C SO, TYPE = F, PARM = COMP; which is shown in line 160, Table 8.2.

(bserve that the U h F  and ATE specification are used to provide some supporting
inforn~ition to the test modules. Should any inconsistency occur, it will
bc caught by the NOPItL Processor. A corresponding error/warning message is

printed out to the user.
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11.4 NOPAI . (~flP(ff

The NOPAI , Processor wi l l  take the NOPAL prepared by the user and

produce the following outputs:

(1) NOPAL Test Specification Sununary Report. This is the formatted

listing of test specification. All the labels , including the

one supplied by users as well as those generated by NOPAL Pro -

cessor, are shown. Missing items are assigned to their default

values. Abbreviations are spelled out. For instance , if a test

module does not contain a stimuli , a coment “NULL STTJ4JLI” in

the formatted listing indicates the fact. Table B.3, B.4, and

B.5 illustrate the formatted listings of test module specification,

IJ1JF specification, and ATE specification , respectively.

(2) Error/Warning ~~ssages Generated During NOPAL Syntax Analysis.

All the errors, e.g., illegal identifiers, invalid key~ords ,

wrong syntactical structure , etc. are listed in Table B.6.

(3) Cross Reference and Attribute Report . From the report , users can

check each occurrence of variables , functions , and connectors , etc.

Their declarations, e.g., the synonym of a function , the failure

type of a component, etc. are also illustrated in Table B.7.

(4) Error/Warning ~t~ssages Generated 1)uring Cross Reference.

Somo semantic inconsistencies , e.g., cyclica l hack references,

aithiguous SOURCE TARG1~E relat ionships and undefined component ,

etc. are illustrated in Table B.8.

(5) Cross Reference of Diagnosis to Test-~~dules. For each diagnosis

in Table B.9 , the user can check if test modules utilize the

correct diagnoses.

_



U’

( ( )  Cross I~’ierencc’ ~t~ssagc s to I)iagnoses to Tests. liach ent ry

int l i cates which diagnoses/tests refer to a part i ctila r UK’ssage .

(Sec Table 11.10)

(7) Cross Reference of Affected Components to Diagnoses to Tests

(See lahie 11.11)

(8) Cross Reference of LJIJI’ Connect ion Point to Tests to ATE

Connect ion I’o in t .  (See Table B. 12 )

(9) Cross Refe rence of ATE Function to Test 1~bdules. (See Table 11.13)

__________________________________________ 
~~ - —“- ~~~~~ -
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