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~~ INTRODUCTION t~~~I AVj ~t . ~~: copy
1 , Background

Digital testing differs from analogue testing primaril y In
that a multitude of resources need to be activated s imi l—
taneouslv. In addition , for high— speed (dynamic ) testina,
orecise time control is required between the activation of
events from different resources. Neither of these charac-
teristics is available in the current version of OPAL .

•-ÜPA IJ is a highly structured language, and by virtue of its L
mo dular syntax , imposes few restrictions on syntactica l con-
struc ts. It was, therefore , dec ided that the recommended

• “lIqital” constructs would, in general, not be tailored only
to “dioltal” test m a  in the form of a “template language ”
but woul d provide the car’abllity to describe the reauire-
men ts In general terms. Therefore, any aporopriate slanal

• orien ted statements could he utilized within the new struc-
tures.

• 2. Conceots and Reasoning

a) The introduct ion of sets (sm ile dimensi ona l arrays) of
resources wit h si m ilar or identica l characteristics provides

• the mech anism by which m ult jrl e resources can be activated
simultaneous ly or within a controlled time environment.

• The resource sets may be tu lty oartitioned in a structured
fash ion. This will enable suo-sets of any desired level to
provide the vehicle to specify soecial limitations and con-
nect ions to those sub—sets.

b) Resource sets may be referenced as an entire set, or as In—
• d ividual components referenced bV index selection , or as

sub—sets referenced by a structured notational form which
relates each sub—set to its base set.

L
c) Functiona l testing where lnter stmtement timjng is not criti-

cal will be performed utilizin g the already existin g itera—
fl

H
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tive structures and modified CHANGE and READ statements
(LOOP , FOP , etc.).

d)  DynamIc test in~ wil l be performed by the introduction of a
new tim e—con trol statement (RUN) which contains stimulus and

• resoonse iterative clauses. In the interest of ensurina
that high soeed and precise tim ing can be achieved, these
structures are restricted. They require that data analysis
be deterred until after invocation of the RUN statement.

• e) A lthou gh the current RITSTRING aata rnode and associated
operators orovide all the necessary basic tools to analyze
resnorise data, it was felt that the orocess would be both

• error prone and unnecessaril y copious. As a result , the OE—
• CLA PE statement for strinas was extended to enable fuUv

partit ioned structured substrinqs to be specified. Re fer-
ence ot those substrings utilizes a notational form con—
sistent with that utilized to reference resource sub—sets.

• This approach was selected partiall y to maintain language
cons istency but also to emphasize t~e relationshi p betweenbits within strinas and components within resource sets.

f) The ~n a p rj ry~ of bits within strings to resource sets is i~n—
plied by  the ordinal oositions of bits and resource com-
ponents within the DECLARE and REQUIRE statements, respec-
tively . For examp le , it the bitstr inq S is declared as hay—
ing 10 bits and the digital resource set, 0, of 10 corn—

• ponents, the most significant bit (b it—I) of S is associated
with the resource component 0(1), the next most significant
bi t ot S (bit—?) is associated with the resource comoonent
0(2), etc., if the data from S is used as a STATE modifier
for the resource set D.

q) To enable any characteristic to represent loaical data the
suffix LOGIC w ill be used with any apolicable noun. The use
of the suffix imoli cit ly defines that there is a loaical
state bit—strin g modifier associated with the resource. To
define the logical states requires that the modifier appear

• twice, with 0 and I suffixes , in both the resource defini-
tion and the aporopriate executable statements.

ri) To completely describe the limitations of a digital loGIc
resourc e, both cnanqes and additions were made to the modi f—

• icr set. These are summarized below .

H 2
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1) STATE modifier to describe the logical ‘state ’
of a digital logic resource set.

2) 0,1 modifier suffixes to be used with the
modifiers defining the logical state t~

• describe the analogue characteristics
which represent a 0 and I respectivel y
In the STATE bitstring .

• 1, ) The use of a digital loaic resource may requ Ire the use of
• additio nal modifiers to the set associated with the noun ,

these are summarized below:

1) DATA_ RATE Describes, for sources, the rate at
which C H A N G E S  can occur , and for sensors
the rate at which READ ings can be made,
norma lly has an HZ dimension. In aen—
eral, this modifier must he CONTROLabIe ,
and is programmed by the at_rate clause
In the CHA I1 GE and READ statements, for
sourc e and sensor resources respective-
ly. However , it the usaqe within an en-
tire test program reauires that the

• value is constant , I t rav appear as a
CA PAKILITY m odifier.

• 2) oA rA _
~ roT H Used only with source resources and

describes the pulse ~Id th , in un its of
time for a single ‘bi t’ of data. In
general , this modifier must be CONTF~JL—H able and is programmed by the for-ti m e
clause appearing in the change state—
ment . However, if the usaqe within an
entire test program requires that the
value is constant, it may appear as a
CAPMIII,ITY modifier.

3) BUF~ ER ..SIZE As later described In this report, the
model of a dialtal resource for dynamic

• • testini Includes a memor y butter. The
• ‘lvnamic testing construct proposed

describes the number of ‘bits ’ transm it—
ted or received, at the soecifled rate ,
in a contiauous stream , In order to

~~~~~~~~~~~~~ • . ~~~
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determine if a specific actual resource
can satisfy the virtual resource , it Is
necessary for the maximum number of bits
issue d in a continuous stream , at any
oojn t W ithin the entire test program, be
speci fied as a CAPABILI TY BUFFER_SIZE:
modifier In the virtual resource REQUIRE
statement. It should be understood that
if the actual resource BUFFER_SiZE is
less than the virtual , it does not
necessaril y preclude the possibility of
the REQIJIPEMENT being satisfied . This
is so since tne m aximum RE;ou I P E
DATA_ PATE may be such that bufferin g is
no t reaulred .

j )  Resources which have a single input or outPut port need not
S 

have a connection point Identified since it Is obviousl y
redundant. In addition, it simp lifies the writin g of dia l—
ta l test statements since such statements frequently satisfy
the criteria of a single port.

Ic) The modifications to the SPECIFY statement Introduce test
Point arrays, nencetorth referred to as sets. These arrays
are limited to a single dimension but unli m ited structured
subse ts are permitted . These chanaes were effected to pro-
v ide a shorthand notation for provid 1n~ the connection

* between a set or sub—set of resources and a set or sub-set

• 
of test points.

I

H 4
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3. Dynamic Testing

Dynamic testing implies that stimulus and response data
rates will be at the normal or max imum operating speed of
the unit under test. In general , wi th the current genera—
tion of computer controlled test devices, such test pro—
cedures cannot be achieved by direct control of the test in-
terface trom the CPU. I/O bus data rates cannot function at
su fficientl y high speeds. The technique most commonly err —
ploved to run dynamic tests is to provide ~he test interface
wi th a blab speed buffer which can, for stimuli , be loaded
w ith data from the CPU memor y at relativel y low speeds. The
data from the high speed butter is subsequently clocked to

• the test interface. ror response data, the test interface
is strobed at high soeed and the data is temporarily stored

• in the blab speed butter. ~hen sufficient data has been
gathered , or when the buffer memory is full, the data Is
transferred from t~ e high speed buffer to the CPU mem ory at

• re lativel y low speeds. A block diagram of a typical system
fo llows.

_ _ _ _ _ _ _ _ _ _



There are a number of very significant constraints which
result from a system of this nature and it is our opinion
that they should be considered in the design of the dynamic

• testing language constructs. Those constraints are
enumerated below:

a) Ana lysis of response data cannot be invoked during exe—
• cution of the test. It Is realized that there are, at

this time , a small percentaae of testers which can per—
S form limited analysis “on the fly ” . This limited

anal ysis usuall y includes the abilit y to mask the
4 results and perhaps compare them with an expected

response and to generate an interrupt when a mismatch
occurs. It was described in our interi m reoort that
such esoteric features would not be included in this
initial revision to the language.

b) However large the high—speed buffer memory(s ) Is, It Is
H finite, and will require fifing or flu shir ~ trot” or to

the CPU memor y at various intervals luring lengthy test
sequ ences. Thus, th~ speci fied clock frequency can
only be achieved for a limited number of patterns. In
aeneral, discontinutties of this nature are of little
impor tance . However , when testing Charae storage dev-
ices, min imum frequency requirements may be imposed by

• the very nature of those devices. It Is feasible that
- 

• 
this oroblem could he resolved bY providing a blab ftc—
auencv retresh’ ot the last pattern issued during that
time that the stim ulus buffer was bein~ filled from the
CPU memory . However, Such a techrtlgu e does not aooear
to be wi dely employed and the alternative of allowin g

:1 the test oroqrammer to control discontin uity points was
cons idered a viable solution.

- 
C)  The bounds of the data vectors must he defined prior to

execution of the specitic test and the iter ator control
variab le must not change within a sinale b o o  of the

• stimulus— delay—response sequence.

• ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - —•• .- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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I.

II. REQUIRE Statement

~ REQUIRE statement describes a virtual resource needed to
conduct a test of a UUT and assumed to be available.

• 1. Synt ax
test—resource

reauire— stmt :: REQUIRE resource—name ,... ~clock—resource
LiIo—resource

resource—na me : name

noun sig—m odi tier ‘SOURCETh 
1

test—re source ::= <LSENSORJ~ test—resource—desc
• ~ IMPEDAMCE sig—modi fier LOAD J

test— resource—riesc ::= (test—resource—structure ) test—resource—spec

(CNX rea— conni

test—resource—s pec ::~ ~TTH (control—llm itatlon ) (capabllitv limi tatiOfl l

(limit—li m itation )

control—limitation ::= CONTROL req—limitatIon,...

capabil ity—lI mit ation :: CAPABILITY req—lim itation,...

limit—limitation :: LIMIT req—limitation,...

sia— lim it itlon
t e a — l i m i t a t i o n  ::: ~ test—limitation ~L t h r u — l i m i t a t i on J

• 
• sig-limi tat ion ::: sja—m odjfjer req—mo d— desc



test—limitation :: test—modifier req—mod— desc

thru— limitat ion ::= thru—modifier req—mod -desc

rea-mod—desc ::: Treq—mod -value ~• r e q — m o d - r a n g e

I rea—mod—va lue ::~ eq f nuTnerical—constant ,...(accuracy)
(numerical—constant accuracy),...

req—mod—ran ge ::~ 4(gt—l t numeric— constant ) I

(eq numeric—constant TO numeric-constant

[BY numeric—constantfl)(accuracy)

I 
-

~

at—i t ::
5 <

~- -i

en ::: =

r e g—c o nn  ::: (p i n— d e s c r i o t o r  = resource—pin ),...
t e s t — r e s o u r c e — s t r u c t u r e  :: SET ( s e t — c l a u s e , . . .)

set—clause ::: I inteqer—constant ‘- • (after—clause )
• resource—name [(set—clause ,...)]

(test-resource—spec] CC N X rea—conn i

• after—clause ::: AFTER...DFIJAY time—c lause

:1

8
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• 1(

l it—1 t~. time—interval
time—clause ::= eq

time—in terval TO time—interval

si~i—mo d lu ie~ :: name

noun :: name (noun— suftix )

mo difier ::= narne(mod ifier—suff ixl

noun—su ffix ::= ...name

m odifier —suffix :: _name

• 2. Constraints

Pin descriptors and modifiers must be appropriate to the in
dicated noun. Resource_pins and resource_names within a
single set_clause and test_resource must be unique.

• 3. Examples

a) REQu IRE 12 TIME INTERVAL, CLOCK;

h) REQUIRE ACS AC VOLTAGE SOU~C~WITH CONTROL VOLTAGE=t VOLT TO 10 VOLT BY tOO M*VOLT,
FHEQ=5O HZ TO 400 HZ

- • CAPABILITY CURPENT I AM P
LIMIT CURRENT=2 AMP

CUX Hi=A , LO=B;

C)  REQUIRE ACV~4 AC VOLTAGE S~~iSURWITH CAPABILI TY VOL1TAC ,E<=450 viJ [,T,
H~EQ:50 HZ TO 440 HZCri x HT =A , LO B, LO G;

d) REQUIRE LD LOAD IMPEDAN CE

~d lTH CAPAB ILITY I 4PEDANC€ :1000 flHM
LiMIT CURRENT_TRMS :I AM P

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



CMX Pl=HI ,’ P2=LO;

• e) R E Q U I R E  DSSD DC_LOGIC VOLTAGE SOURCE SET
(TTL (R) WITH CONTROL VOLTAGf _ 1 4 ,7 VOLT ,

VO L TAGF _ 0 0 VO L T
• CAPAHILI TY cuR~~E.ri T: 1O O M * A P ~P ,

SL L ( 4 )  ~ I T H  C O N 1P O L ~ VOI1TACE _1 —1 .? VOLT
VOL1’AGE_O :5.R VOLT

) W I T H  LP ’TT RI SE_ TI~W < 100 N *SE C
Cli x T R U = D ,  COMP :G ;

4 . S em a n t i c s

These semantics define only the structural concept- s (I.e.,
Sets) for ~hlch this organization is responsible. The
rem ainder ot the statement semantics must be appended.

A sin~ le ident itier (resource _name) may refer to a set of
i d e n t i c al  or s i m i l a r  r e s o u r c e s .  Any a c t i o n  r e f e r e n c in a  such
an i d e n t i f i e r  I m p l i e s  that the action to each c omp o n e n t  of
t h e  set is  to  be p e r f o r m e d  concurrently. The number of com-
p o n e n t s  w i t h i n  t h e  set is d e f i n e d  by t h e  su m of t h e
intener—constants which ap p e ar  ~i t h i n  the  c o n s t r u c t .  F u ] l y
oartitjoned subsettina of contjmuous iroups of cotrponerts,
w ith or without names , may be specIfied hV the recursive na—
t u r e  ot the set—clause construct.

Test resource specifications (test_resource _spec) and ccr—
nec t ions (CNX req_conn ) are local to the scope In which they
are defined and ni oba l to any subsets within that structure
w ith the folb o~ 1na exception:

If they are respecit ieri w ith in a lower level struct ire ,
- • t h a t  resnec itic ation becomes valid for the senr~e In

which it is defined. Of course this rule apPlies re-
cursivel y.

• The f o l b o w i r t g e x a m p l e  show s  t h e  s c op in g :

R E Q t J I F ~F A D C V OL TA r,E SOUPC ~ SET
( H ( 2 )  , C ( 2 )  W I T H  C O N T R O L  V O L • t A ( ~E 1  V OLT ,

r ) ( E ( ? ) , E WITH CON TR O L V f l I , 1A GE :2  VOLT )
WITH CONTR o l VOLTACF :3 ~f l L . T )

10



_ _ _ _ _  _ _ _ _ _ _  - --

• ) WITH CONTROL VOt,TAGE:4 VOLT
CAPABILITY CURREfIT:1 4V~~

• 
• CNX P=H7, Q=bO;

&i~thse.X.

• I I~
’i 11

L
Voltage:

4 2 J  1 Vol t  4 ~sA  Voltaae :
4 V o L t

5 1 1 5 CMX P,Q
• 

•

6 2 2 > D Voltage: 6
-~ 3 Volt

7 1 ~
- F Voltage: 3

2 Vol t

Thus :

a) Each resource component has two pins; P and 0.

b )  Cornponents 1 through 2 of set A (subset B) have
vo itaqe 4 volt as globally defined.

c) Componen ts 3 throuah 4 ot set A (subset C) have
vol tage:1 volt as locally defined at the C level.

d) Comoonents S throuqh 7 of set A (subset 0) have a
vot taqe 3 volt specification , however only the com-
Ponents 5 through 6 of set A (I through 2 of subset
1” , subset E) have that soecification since com—

£ nonent 7 of set A (component 2 of subset D, subset
• 

F )  has the voltage respecified as vo]taqe:2 volt.

e) Each resource component has a current capability of
l amo.

The after-clause serves to define a time delay between the
- ‘change ’ comman d and the actual change belna invoked. The

• example shows a definition and usaqe with the CHANGE state-
ment.

it 
•
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PEOtJIRE DSSD DC_LOGIC SOURCE SET
(DATA ( 1O), CLK AFTER DELAY 10 N*SEC To 100 N*SEC) -

WITH 
CNX a e S _ c a;

C U A ~ GE STAT E Of’ D S S D . D A T A  TO SV .P A T A ,
D SSD .CL~ TO B I~ ‘1’

AFTER _ D E L A Y  = 50 N *SEC :

When the  C H A N G E  s t a t e m e n t  is executed, the above statements
cause  r e sou rce  set D SSD .D ATA to change v a l u e  to S V . D A T A  at
the t i m e  of ‘ch ange ’ command  (o r  t — z e r o  ) .  The r e s o u r c e

• - OSSD .C1,I( is changed to th e  v a l u e  of B I N  ‘1. ’ a f t e r  a de lay  of
50 nanos econds  from the time of the ‘chanqe ’ comman d (Or t—
zero+ 5O ) .

~

Iti
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Ill . RESOIJRCE REFERENCES

Resources are referenced bV enumerat ion of the resource
name .

1. Syntax

• 
I 

resource—ref ::= resourceename . ... [:component—selector :1

component—selector ::= inteaer—constant

2. Constraints

It the resource name represents a set, the name represents
• the entire set. I-f it is desired to reference a subset, it

is reautred to enumerate the base set and the subset, If It
is renuired to reterence an Individual col~Ponent of a set orsubset, it is necessary to index into the set or subset
base.

3. Examples

Given the follo ina resource REQUT~ Ement

• REQUIR E JA K DC_LOGIC SOURCE SET
(4(6), B (C (fl, 0(2)), 4)

JAK Entire set of 14 components.

JA K .A Subset A which Is eauivalent to
como onents  I through 6 of the base
set ( J A K ) .

JAK .B Subset B which is eguivalent to
• com ponents 7 throu~ h 10 of the base

set ( Y A K ) .

13
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• J AP (.B.C Subset C Of subset B of base set
J A K which is equivalent to corn—
Poflents I through 2 of Subset H
which are equivalent to components

• 7 throuah 8 of the base set JAK .

JAV .R.D:1: The firSt comoonent of the subset P
which is equivalent to the third

• comoonen t of the subset H which is
enuivalent to the ninth component

• of th~ base set JAK .

• It can be seen from the above examples that any set, sub—set
or stncile component Of a set can be reterenced either by a

I set—narpe,subset name or by  a selector clause or a combina—
• t ion of both techniques.

• 4. SemantIcs

If  the subsets are referenced , they must be based to the
next highest level structure (set or subset). This is con-
tinued recursively until the base set is encountered ,

The integer—constant of the selector clause represents the
ordinal index within the set.

• M ,B. The left most resource component in the set is
represented as ordinal positIon 1.



IV . DECLARE STATEME’l f

To aid In e x a m i n i n g  and settina substrings, the followina
nomenclature changes are recommended.

1. Synt ax (Changes)

string-mode ::~ I C H A R S T R I N C  ‘~ (~~lenqth—clause ,... .)
- BITSTRING *

I integer—constant
• length—cl ause ::= I

name ((length—clause,.., )l

2. Examples

1) I)ECLARE S RITSTRTNG (80) $
2) DECLARE S BITSTRINC (L (40),R (R 0)) $
3) DECLARE X CHARSTRING (6,SZ (1O),4,Q(8,QZ(L),2)) $

Examnjes I and 2 both declare a bitstrin q identifier S of 80
bits. However, in example 2, the string is constructed from

-~ • the concatenation of the substrings L and R , each consistlna
of 40 hits, Examp le 3 Shows a more complex structured exam—
ole.

i~~ I—
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V. STPT~JG REFERENCES

Strings may be reterenced in their entirety by enurreration
• of the base Identifier.

• I • Syntax

string_ref :: name ,...(:strin q_selector :1 ((array_selector))
• 

string—selector ::: expression

array_selector ~ exoression ,...

2. Constraints

It  it is desired to reference a substrina of bits (or char-
acters), it is required to enumerate the base strina iden—
t i t i e r  and the substrlnq identifier, or by an Index refer-
ence, or bV a combination ot both techniques.

3. Examp les

Given the followi ng declare statements:

1) DECLARE X Ci~ARSTRING(6,SZ (1O),4,Q (8,QZ(i),2)) $
H 2) DECLARE S BITSTRING (L(40),R(40)) ARRAY (100) S

From 1

X,SZ means Characters 7 thru 16 of the string X.
• X.Q.OZ and X.Q:9: and X:29: are equivalent

and mean charac ter 9 of sub strinq X.Q
or character 29 of the strina X.

From 2

5.1(7) means bits 1 thru 40 of element 7 of array S.
S.R(7) means bits 41 thru 80 of element 7 of array S.
S.P means the sub— string array consistina Of bits 41 thru $0

16



Of the arra’j S.

4 , Semantics

If the substri nqs are r e t e r e n c e d,  they  m u s t  he based to t h e
nex t h i gh e s t  level structure (string or substring). This Is
continued recursivel y until the base set is  encountered.

The expression of the striria—sejector clause represents the
ordinal bit or character index within the component struc-
ture.

M .B. The left—most character or bit Is considered as ordinal
oosition 1.

17
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VT . SPECIFY STATE~IE~ T

A SPECIFY statement describ es an actual test—point on a WIT ,
and the constraints, if any, to be imoosed on that point.

1. Syntax (5
soectfv— stmt ::~ SPECIFY test—place,... .~ 

linkage restr ictiors - .;
shaoe

linkaae ;: LPJKED connection,...

connec tion ::= pin-descriptor test—ooint

pin—des cri otor ::= name

test—oojnt ::= name

shaDe :: SET (shape—clause )

shaDe—clause ::= Jinteaer—constant (restrictions )

l~test— oo1nt I (shape—c lause ,,..)J

— 
- 

flrestrictions :: AS ) resource—name ~EMITTEP ,soecifv—spec .
noun modjfier~ ~ACCEPTOR ~• I I

•.) L • ~• -‘ -i

O R A S . . .

specify—soec :: WITH lim itation ,..,

limitat ion ::= modifier (modifier—value ],,.,

18
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‘noditier—va].ue ::
numer ic-constant

I

-

- numeric—constant TO numerjc— constan~
numeric—co nstant

2. Constraints

It  a r e s o u r c e — n a m e  is p a r t  ot a S P E C I F (  s t a t e,~e n t ,  i t  s h a l l
have been orevi ously described in a REOUIHE statement .
Pin—descri ptors and modifi ers must be appropriate to the in-
dicated noun. Test—point names at the same level within a
shape—clause rn’jst he distinct.

• 3. Exa mp les

1) SPECIFY [JUT S~ T(100) ~

2) SPECIFY U U T SET
• (DIr,iTAL (CLr3C~~(4),DATA(16 ),CflNTPOL($))LOGIC VOLTAGE ACCEPTOR ~ ITH

V OL T A G E . . .0 < 2 .2  V UL ’! ,

V (~L T A G E _ t > ~~2 .2  VOLT ,
A F ~A L O G ( 2 )

DC v O L T A ( ~ ; EM I TT ~~ ~ lTH
VO[ .TAGE 0 vOLT io 10 VPLT);

!~
4. Semantics

in Example 1, a UUT is modelled as a set of 100 ordered test
o o t n t s  any  of w h i c h  may he r e f e r e n c e d  b~ sub s c r l p t i n a .

In E x a m p l e  2 ,  t he  U U T is structured as a set of 30 test
points which are arou~ed Into two first level subsets con-

• sistina of DIGITAL (2$ test—points ) and ANALOG (2 test—
ootnts). The A ’~ALOG subset is restricted to a DC voltage
em itter with a voltage ran~e of 0 throu gh 10 volts. The Dl—

• GITAL subset is restricted to a logic voltaae acceptor with
a voltaqe..0 represented hV less than 2.7 volts and voltage_ I

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



¶

5 

•

represen ted bY greater than or equal to 2.2 volts. The sub-
set DIGITAL is further subset into three groups; CLOCK , DATA
and CONTROL , with 4, 16, and 8 test—points , respectively .

‘ii
20 
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• V II. TEST POINT REFERENCE

- Test points are referenced b~ enumeration of the test—point
name.

• 1. Syntax

tes t—noint—re -f ::: test—point. ...(:test—point—selector:]

- 

test—ooint— selector ::= integer—constant

2. Constraints

If the test—point name rePresents a set, the name represents
t he  e n t i r e  se t .  If  i t  t5 desired to reference a sub—set ,
it is required to enumerate the base set and the sub—set.

I i - f i t  is r e q u i r e d  to r e f e r e n c e  on an individual pin of a set
• or a sub—set , it Is achieved by Indexino either to a set or

s u b — s e t .

3. Examo les

Given Examp le 2, under SPECIFY above ,

WiT Entire set of 30 olns

UUT.DIr ,ITAI , Sub—set DIGITA L ~hich is egulvajent
to nins 1 through 28 of the base set
UU1 .

U U T .DIGITAL .OATA Sub— set DATA of suo— set DIGITAL of
set WiT equivalent to Dins 5 throuah

• 20 of sub—set DIGITAL and pins 5
throu gh 20 of set Ott!.

UtIT.DIGITAL .CLOCK :2: Pin 2 of sub—set C (MCK .

_ _  

21 
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4. Semantics

If sub—sets are referenced , they must be based to the next
highest level structure (set or sub—set). This is continued
recursivel y until the base set is encountered.

The integer—constant of the selector clause represents the
- S ordinal index within the set.

N.I~3. The left most pin in the set is considered as ordinal
pos ition 1.

F 2?
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V III. CONNECTION REFERENCES

The to] lowing construct permits the reference of sets of
resource p ins and connecting them to sets of test points.

1. Syn t a x

s o u r c e — c o n n  :: 4 r e s o u r c e — p i n  = test—ooint—group,...),...

t e s t — p o i n t — g r o u p  :: test—point—ret
(test—point—ret,...)

test—o oint— ret ::~ name . ... (:test—point—selector: )

- - -j test—o olnt—se lector :: integer—constant

sensor—conn ::= -~ resource—pin 
•

! test—point—ref • . -
- (t est—point—ref ,...)

2. C o n s t r a i n t s

jf parenthetical phrases a re  w r i t t e n  to t n e  r i g h t  of t h e
eauals sign, the resource p in  references to the left of the

•1 e qu a l s  m u s t  be a s e t,  F u r t h e r , t h e  c omp o n e n t s  of t h e
- 
“-~ resource ~in set are connected to the Individua l comoonents

described in the oarenthetlcaj phrase Er the order in ~hichthey aopear, It several test — p oint — grou p constructs are
w r i t t e n  w i t h  In t e r v e n i n g  com m as , each com ponen t  of t he
r e s o u r c e  o l n  set is connected to t h e  c or r e sp o n d i n q  comp onen t
In  each t e s t - no in t - a r o up ,

3. E x a m p l e s

1) CO~’i!~!ECT DSS AT A :R;

The resource—pin (set) A is connected to the
test— p oint (set) R. If A is a set(associatea ~.1th 

~~ —--.- --—---—-S- -•—-- - ---5—---- ---S-~- --•— -5 —~~~~~—- S-----•----S - ---—-——-.---~ -. -- -- — -- -----—-- •



- • ~~~~~~ —~~~~~ - - 

~~~~~~~~~~~~~~~~~~~~~~ 
- r ~~ ———~----’-----—--— -.——

~~~~~~
S —------— - - 5 -  -5 —— —5-

the resource DSS) then B must he a set of the same
-• 

size . The connection would he made such that the
p in  A of resource DSS:l: would be connected to
test—ooint B:I: for 1<=Ic=n , where n is the
number of components in the resource set A and the
n u m b e r  of t e s t — o o l n t s  in t h e  nm set B. T h i s

• statement corresponds to the followin g diagram:

- • DSS:1: A o— —--—--o 8:1:

DSS:2: A o—— —----o 8:2:
. .
. S

DSS:n: A o- o B:n:

2 )  CONNEC T OSS AT A = ( F3 ,C . D ) ;

The comp onen t s  of resource— pin set A are connected to the
c o mp o n e n t s  of test—point set B and s ub — s e t  C , D  in order. If
A is of s ize  p, B is of size q, and C .D  is of size r, then
q + r  m u s t  equ a l  p. Further , the first component of A is con-
nected to the first comoonent of B and the (q+1)th component
of A is connectei to the first comPonent of C.D.

3) C O NN E CT DSS AT A : X , Y , Z ;

The r e s o u r c e — o i n  ( s e t)  A is f a n n e d  ou t  to a l l  ot X , Y , and 7 ,
If A ,X ,Y , and Z are single component entities then the mean—
in~ of the statement is that A is fanned out to X,Y, and Z.
I t  A ,X ,Y , and Z are sets, they must all be of the same size.
Furt her, each component of A is tanned out to the
corresoon din~ components of X , Y, and Z.

For the case where A ,X,Y, and Z are sets, the followina di-
agram describes one component:

• _—o X : 1 :
DSS:i: A o - - ~ -- -- --——--- - -o Y:i:

-o 7:1:

4 )  C O N N E C T  OSS AT A: (X ,Y , Z ) , ( P ,Q) ,B= R

24
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I t resource DSS has been described as a 3 component set wjtr
each component havina resource pins A and B , this statement
directs that each component of A is tanned out to two pla ces
and each component of B is connected to the correspondina
componen t of P. The first component of A is connected to
both X and the tirst component of P ( assumin g P is a set of
size 2 and 0 Is a single point). The third component of A
Is connec ted to both Z and Q,

This statement corresponds to the followin g diagram :

DSS:1: A o- - — ——-—- -o X

~~- --o P:l:
B o- •—----—------- - o R:1:

DSS:?: A o— - - 
o Y
-0 P:2:

— B o- -o R:2 :

DSS: 3: A o-- -~~~ --------— p y

~~~~~~~~~~~~~~~ 
()

B o - - -- -.-~~~~~~~~ - --- . -o R :3:

4 .  Semantics

The source—conn (and sensor—conn) construction describes the
connec tion of resource oins to test—points , It permi ts the
descrip tion of resource gins tanned out to a number of test
po ints. It further allows the description of the connection
of sets of resource oins to individual test points or sets
of test oolnts .

N.B. ~vhen resource sets are described In the REQUIRE state—
ment there Is an im oli cit detinition of one or more connec-
tion sets. in the follow Ing statement:

REQ UIRE A DC VOLTAGE SOURCE SFT(20) C N X  X Y ;

we have Im p licitl y declared connection sets X and Y each
havin g 20 oins. The need to reference them wit hout the
equiva lent resource does not arise but the mroqrammer must

• - 
- be aware that they exist.
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IX . CHANGE STATEMENT

This statement Is used to cause a soecitied resource charac—
terlstjc to ~e changed.

H I.

change—stmt ::~ (label: l change—arono :

:: CHA NGE noun modifier change—structure,...

change—s tructure:: : J change—clause[for—c lause (at—rate ll 1 (chanqe—structure,...)

tatter— cl ause)

crtanae—c lause :: OF resource—ref TO value (for—time)

at—rate ::= AT~ RATE rate—clause

f fgt .l t~ rate—value
ra te—clause ::: - ~ea

r 
rate—value TO rate—value

rate—valu e ::= exoression

atter ’clause ::z AFTFP_I)ELAY ttme—clau~ e

for—ti me ::: FOR _TI ME time—cla use
- j  

-

— - ~t•lt ~ time—Interval
time—clause ::~ 

- 

~ eof time—Interv al TO time-Interva l

resourc e—ref ::~ name. ...(:com ponent—selector:)

-
n - -
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com Donent—se lector :: integer—constant

2. Constraints

The named m odifier must have been associated with the
resource in a HEQIJIPE statement , If more than a single
resource is referenced in the iterative or recursiv e struc-
tures , they must all he components of the same top—level set
of resources. if the at—rate clause is uti lized , the rate
modifier mu st have aopeared as a modifier in the REQUIR E
statement. ft the after—clause is utilized , a correspond-
ing after—clause must have aooeared in the PFQUIRF state-
ment. If the for—ti m e clause is utilized , it must have also
ap peared as a modifier in the PEO (JIRE statement.

3. Examoles

— I) CHANGE AC VOLTAGE OF ACS TO 8 VOLT;
2) CHANGE DC VO L T A G E  OF DCS1 TO 4 VOLT FOR~ TIME=2 SEC ;
3) CHA n GE DC VOLTAGE (OF DCSI TO 4 VOLT ,

OF DCSI TO 0 VOLT AFTER ..DELAY=2 SEC);
- 4) CHANGE DC VOLTAGE FOR 1=1 TO 8 AT RATE:1O E*HZ

(OF DCSI TO 4 VOLT FOR_ TIME= 1 U*SEC);

V An analysis of the examples follows: -

1) Assum ing the current value of ACS were 0 volt, it
is changed to 8 volts for an indefinite period.

• 2) Ass umin g the current value of DCS were 0 volt , it
is changed to a value of 4 volts for a period of 2
seconds and then returns to the value of 0 volt.
It should be understood that th~ action followingthat Statement will occur concurrently with the
change.

3) A ssumin g the current value of OCS were 0 volt, it
is chan-led to a value of 4 volts and program execu—
tion is suspended for a period of 2 seconds, after
which the value Is returned to 0 volt. Unlike cx—
ample 2 the action followin g the statement doCs not

— - —-
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occur  u n t i l  a f t e r  th e  v a l u e  of OCS has  r e t u r n e d  to
0 volt.

4) Assum ing the current value of OCS were 0 volt, this
statement produces a burst of 8 pulses of amp litude
4 volts , a pulse— wid th ot I usec, and a pulse—

• repetition rate of 10 KHZ.

4. S e m a n t i c s

T~e value of the changed characteristic is chanaed as speci-
fied by the change—clause(s ), If the for—time clause is
utilized, the change occurs for the duration of the sped —
t ied time after which the characteristic returns to the ori-
ginal value. It should be noted that the action followin a
sucn usage occurs concurrentl y, or as nearly so as the svs—
tem will allow. If the after—clause Is utilized, it refers
to the precedir~ clause and implies a delay from the CHANGE
co m m a n d  o r ,  i f  the  r e source  r e f e r e n c e  Is a s u b — s e t  then t h e
r le l av  I s  f r o m  the CHANGE. of the next outermost set (or sub—
set). Tt toe for—claus e is utilized, the following arouo Is
iterated as soecified at either a rate controlled by the
rate—clause or of an unspecified rate. If unspecified , the
rate Is assumed to be as fast as the system will allow .

J I
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X. REA P Statement

A REAr) statement causes a sinqie or multiple read of (JUT
char acteristics and the storage of the results .

I. Syntax

read— stmt ::= (label:) read—group ;

read—qrouo :: RFAD In0Un real—modifier IN unitfaccurac vi ’ 1-

• strin a—modif ier

read— structure

read—structure ::: 
-~ read—clause

(for—clause (at—ratel ) - - (read—structure ....
(after—clause )

real—clause ::: USING resource—ref INTO location

at—rate ::= AT — RATE rate—clause
~~

- 
-~~

I [at—lt~, rate—value
rate—clause ::= ~ ~ eq - -

ir ate—value TO rate—value

gt—lt ’
~ tjae—lnterval

after—clause :: AFTER DELAY .~~ eq J
- 

t. t lde—Inter v al  TO t im e - I n t e r v a lj

r a t e—va lue  :1: exo res s lon

-

~ time— Interval ::: exPression

2q 
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7. Constraint s 
-

The named noun and modifier , If used, must be the same as
those in the REQUIRE statement . It more than a single
resource is referenced in the iterative or recursive struc—
ture, they must all be comoonents of the same base set. If
the at—rate clause is utilize d , the data—rate mo difier must

H have appeared as a modifier in the REQUIRE statement. If
the after—clause is utilized , that clause must have appeared
wi thin the resource set detinition.

3. Examples

1) READ AC VOLTAGE I~J M*VOLT USING M V A—1 INTO V I

2) READ DC VOLTAGE IN VOLT (USING DVM P110 V I,
USING DVM INTO V2)

AFTER— DELAY = 100 M* S FC :

3 )  R E A D  DC V O L T A GE  I N  V O L T

FOR 1:1 TO 10 AT_ PATE = I ~~~ *H Z

( U S I N G  D V ~ IN T O  V U ) )  ;

4) PEA!) DC_LOGIC STATE
FOP 1:1 TO q AT_PATE = 10 ~~~ *H Z

US I N G DSSR .S I N T O P~~: T :  ;

~xpianat Ions

I) Read the value measured b~ the resource MV P— 1;
scale t~e va lue into volts, if necessary, and
store the result in location VI.

2 ) Read the va lue  measu red  by the  resource  M V A — 1 ;
scale the value into volts, if necessary, and
store the result in location Vi. Af ter a delay of
100 milliseconds repeat the operations but store
tne  r e s u l t  in ‘12.

30
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3) kead the value measured by the resource DVt4; scale
the value Into volts, if necessary, and store the
result in the elements (1 throuah 10) of the array
V. The 10 readings shall be made at a rate of I
kilohertz .

4) The di gita l logic sensor DSSR.S wi ll read an 8—bit
serial data item at a bit rate of 1!) kilohertz and
store the result into the bit—str ina data word R~such that the first b it received becomes bit 1 of
the word, (i.e ., most significant bit first).

4. Semantics

The current value (s) belna sensed by t~e named resource is
recorded, scale-i into the specified units, it necessary, and
stored in the soecit ted location.

_ _ _  

I
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XI . R(I~I Statement

The RUN statement provide5 a means of concatenating a simple
or compoun d change—structure with a simple or compound read
s t r u c t u r e .

1. Syntax

r u n — s t m t  ::= (label:) RUN run—structure ;

run—structure ::: (for—clause,... (at—rate )]

— c h a n g e — r e a d — g r o u p

- 

-
~ cha r , ae—rea d -qro up  :: (change—group) (read—group)

FOP v a r i a b l e  = l i s t
tor—clause ::= ~ FOR variable iterator,... >

[ FOR ex~ ressjon

v a r i a b le : := n a m e

list ::= expression

iterator ::: expression (BY expression ) TO expression

change—group CHAN GE noun modifier change—structure ,... h
ii

change— structure ::: 
S 

change—clause i’
~~~(for—clause (at—rate]) ~(chanqe—structure,...)( 

-

( J I~~

(after—clause ]

cnanae—rlause ::= OF resource—ret TO value (for—time )

H 32

~

- -__- - • —-- -

~

--- -

~
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resource—ref ::= name. ...(:component—selector:]

component—selector ::= integer—constant

(

r e a d — g r o u p  ::: REA I )
1~o~~r~ Jrea l—Trodjfier IN unit (accuracy] .

strin g—modifier

r e a d — s t r u c t u r e , . . .

read—structure ::= f read—clause
(for—cl ause (at—rate]) ~(re ad—structure,...)I-

(after—clause )

read—clause ::= USING resource—re t INFO locat1or~

at—rate ::= AT—RAT E rate—claus e

J~t—l t~ rate—v a1ue ~
—

ra te—claus e ;:= - -
, ~earate—v alue TO rate-value

- 

f~~t—lt~ time—interval
H after—clause ::= A F T E R _ D E L A Y  ~ ~ eq J

ltime— interv al TO tim e—int erval

rate—value ::= exoression

tine—Interval ::~ expression

2. Constraints

If the Init ial and final expression of a tar—clause is
iterated , the implicati on is that the data may be segmented
for eacn iteration aroup . The data rate for each segment Is
guaran teed to be that Specified, but ar Indeterminate time I -

L
- - - ~~~~~~~~— —- 5-— —- -.5 —‘5-.—- —~~~~~~~~~~ - — -—————-~~~~~- -— - ~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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may exist between the transmission of segments. This facil-
ity nermits the programmer who has knowledge of the UUT to
show how the data may be segmented bY the compiler. If such
iterations are employed, the BUFFER...SIZE modifier must have
been used with the resource REQUIRE statement.

3. Examples

1) RUN
(CHANr,E DC VOLTAGE OF DCS TO 10 VOLT)
(READ DC VOLTAGE IN VOLT

FOR 1=1 TO 10 AT_ PA TEZIOO HZ
(USING DVM PJTO VU))) :

2 )  RLJ~i FOP 1:1 10 100 A T _ R A T E  = 1 M*HZ
(CHANGE AC_LOGIC STATE (OF PSSD.O TO SV (J).

OF !)SSD.X TO HI
FOP 100 N * SE C
ArrF p_ r)F.LAY =20) f~*SEC

(PEAD DC...LOGIC STATE U S1 ’~~G USSR .!) INTO PV(1)
AFT ER_DELAY 2’3 ~-*SEC

change OSSD.D (stim ulus data)

-

~~ - 5 -  5 - --

change DSSD.K (clock)

read !)SSR.D (response strobe)
- r I

time — 
~J*SFC

-

~ 34

~

—-—

~ 
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Analysts of Examples

1) A ssumin g the resource OCS had been applied at 0
volt s, a transient response is being read. The
forc ing function is a 10 volt edge and 10 samples
are being obtained at intervals of 10 milliseconds
and stored in elements 1 through 10 of the array
V. the first samole is taken concurrentl y with
the forcing function transition.

2) A simple NRZ parallel digital test Is being per-
formed. There are 100 stimulus patterns obtained
from the bitstrinq array SV. The stimulus loaic
type is on AC signal, i.e., probably an tsk sig—
nal. To ensure settling of the stimulus drivers,
the clock (DSS ,K) is delayed by 20 nanoseconds.
The clock pulse width is 100 nanoseconds. The
sensor (DSSR .D) is DC logic and reads the response
oatteri after a delay of 200 nanoseconds from the
issuance Of the stimulus pattern. The stimulus—
clock—response sequence is reiterated with a
oeriod of 1 microsecond.

4. Senantjcs

The R(1l’i statement is the vehicle to link a change group re—
ferencinc a source resource (set) to a read aroup referenc—
in~ a sensor resource (set), it permits precise time c on—
trol betNeen the change and read actions. In addition , a
single level iterat ive caPability is provided.

5—---—— -— - ~~ --~ —-—~~~~~~~~~~~~~~~~ - -—- ~ -~~~~~~~~~~~~ -5 - - -—- - - ----~~~~---——~~~~~~~~~ ~~~~~~~~ - - 5--.-- LA



—~~~~ ~~~~~~~~~~~— _____________

.

— 
- Attachment 1

Change Pages to OPAL Specificat ion

The followina change oaqes are keyed to the oaraaraph or app~ndjx
- 

n u m b e r  f o u n d  in the OPAL Soecification , In general, they
reoresent oartial ch~ naes to the paraqraphs Identified ,

-5 ~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ — J
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App endix A

A p p e n d i x  A — Examples u s in g the Ne~ OPAL Diatta l Test Statements.

Ex amp le I — P a r a l l e l  Data to FSK Slanal Converter.

_ _ _  

1

DATA.IN ‘

___  8 13 _ _ _ _ _

DATA OUT
. 5

CNTRL ____ 9
CLK . IN ~~~~~— 10
CLK .OU T 

~~~~~~~
_

s— 12

Figure 1 — P a r a l l e l  Data to FSK Signal Converter

The d e v i c e  accePts an 8—bit parrallel dc—voltaae logic input on
pins 1 throuah 8. P i n  9 is a control function and should be held
in  a ‘1 ’ state durin g all data transmission. Pin 10 is the inout
clock line and requires a change from 0’ to a ‘1’ state t o cao-
tur e the data on the input lines , pin 11 is the output clock
line and must complete 10 cycles at a rate of 100 KHZ to strobe
the data out in a serial fashion. Ten cycles are required since
the device sunolies a sinole start bit and a sinale stop hit.
Pin 12 is a reset line and mu st be pulsed from a ‘0’ state to in-
itialize the controfler. Pin 13 is the ac— freauencv serial out-
ou t .

Pins 1 through 12 carry dc—logic where a logic 0 is reoresented
by 0 volts , ani logic ‘1’ by 4.7 volts. The threshold is 2.4

-
~~~ - volts. A t th e outout, P i n  13 outPuts an ac—loaic signal where a

loaic 0 Is reoresented by a frequency of 0.9R MHZ and a b ale
‘I’  by 1.02 ~~HZ .  The thresh old is considered to be 1.00 MHZ . Im
either logic state the voltage leve l is aporoxirnately 4.2 volts
r m s .

A — I
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App endix A

Timing Reauirpments

the followin g diagram , Fiaure 2, details the reauired timin g con—
straints for each frame of inout data .

..
~~~~~~ 

20÷5+5÷5÷100 = 135 USEC

CNTRL i i
_J 20 USEt~~

j J
~~~~

1 45 VSEC

DATA.IN—a ~—20 USEC

S USEC _ _ _ _ _ _

CLK.IN 

_ _ _ _ _

H ~~~5 USEC

STROBE
-0 }ø.lcY USEC

-
- 

~~~~(I0_ 1)*1o= 9o USE~~~~

Pi~ ure  2 — T i m i n g  D i a g r a m

Each frame consists ot a total active Period of I55usec . Al l ow—
tn -j a re laxation oerlod of 45usec wil l result in a total period

- 5 of 200usec, thus . seauential tests will be run at a rate of 5
KHZ . -

Definitive Statements

From th e  i n f o r m a t i o n  c o n t a i n e d  in  the  d e s c r ip t i o n  and t i m i n g  re-
cuire ments, the followi na OPAL statements can be derived:

4—7 
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OUT Specification:

SPECIFY OUT SET
(I~~(DATA (8),CNTRL ~,CLK(I,0),PST)

AS DC_LOGIC VOLTAGE ACCEPTOR wITH
VOLTAGE ...0 < 2.4 VOLT,
VOLTAGE- i >~~ 2.4 VOLT

OUT AS AC_LOGIC FREQUENCY EMItTER ~LTH
VOLTAGE. = 4.7 VOL T ,

FREOIJFf4CY _0 = 0.98 M*HZ ,
FREQUE ’ICY_ 1 = 1 .02  M * H Z

~, ,

S t i m u l u s  ~e q u i r e m e n t s :

R E Q U I R E  D T G S T I M  DC _ LO GI C VOLTAGE SO U R CE SET
( C M T R L  ~‘U TH C A P A B I L I T Y  -

DATA _ W I D T H  = 2 0 + 5 + 5 + 5 + 1 0 0 + 2 0  U *SE C ,
D A T A_ R A T E  = 5 K*HZ

DA TA (R ) AFTER_ DELAY 20 U*SEC
WIT H C A PA B I L I T Y
D A T A _ W I D T H  5+5+5*100 U*SEC ,
DAT A _R ATE = 5 K*HZ ,
BUFFER_ SIZE 256,j CE4OCK ( IN WITH CAPABILITY

D A T A _ R A T E  = 5 K*HZ,
OUT A F T E R _ D E L A Y  5 +5 U*S€C

WITH C A P A B I L I T Y
DATA _RATE = 100 K*HZ

) AFTER_ DELAY 20+5 (J*S~~
W ITH C A P A B I L I T Y

DATA _WIDTH = 5 U*SEC
P SI W IT H C A P A B I L I T Y

D A T A _ W I D T H  = 10 U *SE C
:1 ) WITH CAPABILITY

VO 1~TA GE _0 0 VOLT,
VOLTA GE _I = 4.7 VOLT

: 1  CN X S TRU ;

NOTE: Notice the recursive definition of the DIGSTIM resource
• set and the semantics of the after—clause. The subset

DIGSTIM.CLOC~ is delayed, wi th resoect to the set DTCSTIN . by 25
usec (20+5). The subset DIGSTIM .CLOCK.OUT is dela yed , with
respect to the subset D1GSTIM .CLOCV , by 10 usec (5+5), thus, the
total ‘lelav of DIGSTIM .CI1OCK .OUT with resoect to the set DIGSTIM .
Is 35 usec (25+10) in accordance with the timina diaaram .

Pesoonse Requirements:

- — 5 _I ~~~~~~~ - ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ -5-- -5~~~- - - - - - - - — —~~~ --~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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R E Q U I R E  D I G P E S P  AC _ LOGIC F RE Q U E N C Y  SENSOR

W I T H  C A P A B I L I T Y
— 

F RE QU EN C Y _ fl < I M*HZ,
FREQUENCY_ I > 1 M*HZ

LIMIT
V O L T A G E  > 5 VOLT
CNX H ‘II;

The stimulus iata array is defined as follows

DECLARE SFI~ _ DATA BITSTRING (R) ARRAY(256);

In t he  t e s t  t h a t  f o l l o - ~s, i t  I s  a s s u m e d  that the stimulus data
has been approoriately Initialized.

The r e s oonse  da t a  a r r ay  is d e f i n e d  as f o l I o - e s :

D E C L A R E  PES P B I T S T R I N G ( S T B , DA T ~~( R ) , S P B )  A P R A Y ( 2 5 6 ) ;

Note that the substrin gs SIB and SPB reoresent the start and stor-
b i t ,  r e s o e c t i v e ly .

I / C O N N E C T  A N D  l I I T I A L T Z F  S T I M U L U S  SU B _ SYSTEM TO O UT
1r ~i T T :  APP LY D J G S ’ r T M  W I T H

VO LT AGE _ fl  = 0 VOLT,

V O L T A GE_ i  = 4 . 7 V OL T .
STATE H E X  ‘0000.
A T S = (UUT .IN .CNTRL,

0(31.1 N. DAT A
OUT . IN.CLK ,
tJUT .IN.PST) ;

I/APPLY RESET PULSE OF 10 UJ*SEC TO OUT
RESET: CHANGE DC_LOGIC STATE OF DIGSTIM .RST TO BIN ‘1’ FOR 10 U*SEC ;

I/CONNECT AND L~4ITIALIZE SENSOR SOB_SYSTEM TO OUT.
INITIATE OLGRESP WITH

FRE QUENCY_ fl < 1.0 M*HZ,
-r FREQUENCY_I ) 1.0 M*HZ,

VOLTAGE < 5 . 0  V O L T
AT
P U U T ,OLI T ;

//NOW WE ARE READY TO TEST

I/ALL 256 PATTERNS W i L t ,  BE OUTPUT CONTIGUOUSLY WITHIN
//THE TIME FRAMES SPECIFIED TN FIG.2.

TEST: PUN FOP I = 1 10 256 AT_RATE = 5 E*HZ

A— 4
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(ChANGE DC LOGTC STATE.
(OF DIGSTIM .CHTPL To BIN ‘1’ FOP_TIME = 155 U S SEC ,
OF DIGSTIM .DATA TO STIM _DATA (I) FOP_TIME = 135 UtSEC

AFTER_DELAY = 20 U*SEC,
(OF DTGSTIM .CLOCI(.IN TO BIN ‘I FOR_TIME : 5 UtSEC,
(FOR J t  TO 10 AT ..RATE = 100 K*HZ

OF DIGSTIM.CLOC K .OUT TO BIN ~I’ FOR_TIME = 5
AFTER_DELAY = 10 UJ*SFC

) AFTER_DELAY 25 U*SEC
)

)
(READ AC_LOGIC STATE

(FOR K = I 10 II) AT_RATE = 100 K*HZ
U S I N G  D I GP E SP INTO RESP:K: (I)

) A F TE R _ DELAY = 37.5 U$SEC

I

~

A — S
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Example 2 - Diattal to Analo g Converter

The device is a diiltal to analoq converter. The digital inr’ut
Is on lines 1 through 10 where line I represents the r~ost signi-ficant bit. The loaic is dc—voltaae where 1.8 volts reoresents a
logic I’ and —3.6 volts reoresents a logic ‘0’. The analoQ out—
out covers the range 0 to 10.27 volts de, thus, the least signi-
f i c a n t bit represents 0.01 volts . Line Ii is a strobe and must
be held In  a 1’ state to cause the digital data to be captured ,
The resoonse tiii e from the apolicatton of the strobe to settlina
of the analoa  o u t ou t  Is  100 usec . In a d d i t i o n  t h e  s t r obe  sh o u l d
he delayed, with respect to the data, bV 10 tisec for reliable
data capture.

____  1

_ _ _  HI
12

DATA.IN ANALOG

_____ 

OUTPUTU)
10 ‘~~ —n

STROBE 
_____

Ejaure I — Diaita l to Analo g Converter

-V

~‘- -~

A—f ,
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Figure 2 shows the timing r e l a t ionsh i p s  between the s ianals .

DATA . IN

—
~~~ ~‘.—l0 USEC

STRO

_
~~

_
1

1

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

READ 100
STROBE 

H

Figure 2 —Timin g Requirements

Definitive Statements

From the information contained in the description and timina re—
autrem ents the followin g OPAL statements can be derived.

hUT Soecifjcatjon:

• SPECIFY 0_A SET
(DIGITAL (r)ATA (1O),STROBF)

AS DC _ LOGIC VOLTAGE ACCEPTOR W I T H
V OLTAGF _ 0 ) -0.9 VOLT ,
V O L T A GE_ I  = .0.9 VOLT

A N A L O G  ( 2 )

AS DC VOLTAGE EMITTER WITH
VOLTAGE = 0 VOLT TO 10,5 VOLT

- r A - 7
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) ;

Digital Requirements:

REQUIRE DIGSTTM DC_LOGIC VOLTAGE SOURCE SET
(DAT A(lO) AFTER_DELAY = 10 USSEC ,
STRO~3E) WITH CA PABILTTY

VOLTAGE_fl = -3.6 VOLT ,
VOLTAGE~ 1 = 1.8 VOLT

C N X D = TRU;

Analoa Requirements:

REQUIRE A DC VOLTAGE SENSOR
W I T H  C A P A B I L I T Y
VOLTAGE 0 VOLT TO 10 .5 VOLT +— 0.01 VOLT
CNX A = H I ,  H = LO;

The s t i n u l u s  data  (VS )  w i l l  be computed from a floating Point
value C V )  thus:

DEC L A RE V REAL ;
DECLARE VS RTTSTRTNG (10)

The conversion will ~e effected by the tollowin a function:

DEFINE BIT FLT(X) RESULT V WHERE X REAL.;
D E CL A RE Y R I T S T R I M G ( 1 0 ) ;
DECLARE I, M I N T E G E R :
SET M = F I X ( X )
REPEAT f O R  1:1 10 10;

4 1 IF REM CM ,?) = I THEN
SET Y:10.T,I:=BIN ‘1’:

EN D  f~~:SET ~ = I N T D I V  (N , ? ) ;
EN ?) REP E AT;
R E T U R N ;
END DEFINE BIT_ELT;

II CONNECT AN D I N I T I A L I Z E  ST I M ULUS SUB_ SYSTEM TO UUT.

I N I T :  APPLY U I C S T I M  W I T H
VOLT A GE _ fl  ~ — 3 . 6  VOLT,
VOt .TAGE I s 1 .8 V O L T ,

StATE = BIN ‘00000000000’
AT 0 = D~~~A . O I G I T A L ;

II CONNECT AND INITIALIZE SENSOR SUI4_SYSTE~ TO UUT

A— .  

- ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ •~~~
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INITIATE A WITH
VOLTAGE = 0 VOLT TO 10.5 VOLT
AT A = D..A.ANALOG:l:, B D_A ,ANALOG:2:;

/1 NOW LETS GO

REPEAT FOR V = 0 BY 0.01 TO 10.27;
SET VS = BIT_ELT (100*V);
P (IN

(CHA NGE DC LOGIC STATE
( OF D I CST IM .DA TA TO VS .

OF D I GST I M .STR OBE TO BI N ‘1’ AFTER 10 U*SEC

) 
)

C R E A D  DC VOLTAGE IN  VOLT
USING A INTO VM AFTER 110 U*SEC

C H A N G E  DC L OGI C STATE OF DIGSTD~.STPOBE TO BIN ‘0’:
IF ABS (VALUE.j)F(VM)-V) > 0.01 THEM GO_TO ERR;
END IF

END R E P E A T  ;

/ /  IF CONTROL A R R I V E S  HERE ALL IS WELL. .. . . .
. . . Sr 1/ IF CONTROL ARR IVES HERE THE TEST DID FAIL.

E R R :  . .
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Example 3 — Fault Isolation

The followin g program assumes a OUT with 32 input pins and
64 outout pins. The actual digital test data is stored on an
external device in the following tormat:

nnnnn (number of test patterns)
nnnnn (number of possible faults)
nnnnn (number of fault Patterns in dictionary)
bbbbbbbb (32 bits of 0, 1,  or X )  hbbbb i n p u t  oattern
bbbbbbbb (6 4 b i t s  of 0 , 1,  or X )  bbbbb o u tp u t  pattern

S

S S

. S

the above pair repeats for the indicated number ot tests
• S S t S

— t t t t t  n nn n n  b b b b b b b b b b b b b b b b b h b b b b b b b b b b b

.

t h e  above oat t e r n  tes t  number, fault number, and fault oattern
reoeats for the indicated number of fault patterns
the hit pattern for the fault dictionar y is also in

—— — — 0,1, and X with the interpretation :

0 = no e r r o r  expected
I = error expected
X ignore this pin

The basic algorithm is t h e  following:

1. App ly each stimulus and read the response

2. If response differs tram the expected “good” response then
— 

- save the e r r o r  vec tor  on t h e  In t e r m e di a t e  t ap e .
- - 

3 .  A t  end of test i- f there were any errors then

4 . Clear fault table to 0’s, —

5. Read the faults off the inout dictionar y and

b. For each b i t  in the  outDut compare and taKe the action

A—i D
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7. dlct bit act res~ bit modif y weight
0 x 0

I ()

1 1 +1

8. At  end locate list of 20 highest valued faults and print

B E G I N  OPAL PROGRA M D I GT E ST ;

DECLARE IPAT CHAPSTRTMG (64), 1/ INP U T STRING FOR CONVERSION
STIMVEC B J T S T R I N G  ( 3 2 ) ,  II STIMULUS VECTOR
RESPVEC BITSTRING (64), 1/ RESP ONSE VECT OR
DONTCARE BITSTP1NG (64), // DONT CARES IN RESPONSE
FAULTVF.C BITSTR1NG (64), II FAULT VECTOR

$ ZEPOVEC BITSTRING (64) INITIAL
B I N  0000 0000000 00000000 0000 00000000000000 0000000000 000 000 0 000000000 ’  ;

DECLARE W E I G H T  IN TEGE R A R R A Y ( 4 0 0 0 ) ;

DECLARE 1, /1 LOCAL TE MPOR A R Y
J ,  1/ ANOTHER LOCAL . TEMPORARY
LTFR , //  LAST TEMP FAULT READ
TE ST, If CUR RENT TEST NUMBE R
I’4PATS , // NUMBER OF PATTER~iS OF STIMULUS ON TAPE
N E R R V E C , 1/ N U M B ER  OF ERROR VECTORS ON TAPE

LA STFLTTEST: II LAST FAULT PATTERN ON INTERMEDIATE TAPE

REQUIRE INTAPE DATA _BASE I N P U T  OPEN_TO_PEAD;//SOURCF OF INPUT
REQUIRE PRINTER HAR D _COPY OUTPUT OPFN _TO_W RITE;//FQk LISTINGS
REQ UIRE TEMPFILF TEST_ RECORD INPUT_ QIJTPUT;//SCRATC H FTLE

REQUIRE SlIM DC_LOGIC VOLTAGE SOURCE SE(32)
W I T H  C A P A B T L I T Y  VO LTAGE ._ I 4 .7  V O l T ,

VO LJTA GE_ 0 = 0.3 VOLT
C N X  SO;

PE Q (U RF PESP DC_ LOGIC VOLTAGE SENSOR SET(64)
W I T H  C A P A B I L I T Y  VOLTAGE _ i  > 2.5 VOLT ,

V O LTA GE_ 0 (= 2.5 VOLT
LI M IT VOLTAGE < 5.0 VOLT:

CUX SI;

SPECIFY hOlD SET(64) AS DC_I.OGIC VOLTAGE EMITTER;

A— il
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SPECIFY UUTI SET (32) AS DC_LOGIC VOLTAGE ACCEPTOR;

/1 A C T U A L  P R O G R A M  STARTS HERE

TOP:
- 

- SET LASTELITEST = 0;
OUT PUT U S I N G  P R I N T E R  F O R MAT

IN SERT (JUT A N D  PR ES G O ! L ( I ) ’ :

[) E I4AY t J N T T L  M A N U A L _ I N T E R V E N T I O N ;
I N PU T N P A T S , N F A U L T S , NE RPVEC U S I N G  I N T A P E  FORMAT

IF N FAULTS ) 4 0 00  THEN
OUTPUT U S I N G  P R I N T E R  FORMAT ‘TOO M A N Y  FAUL TS~ L ( 1) ’ ;
DELAY UNTIL MANUAL_ INTERVENTIO N;— GOlf) TOP;

END IF ;
CO NNECT Sl IM AT SO = U U T I ;
CON NECT RESP AT SI = 0010;
R E P E A T  FOR TEST z j  TO NPATS;

I N P U T  I PAT U S I N G  I N T A P E  FORMAT
‘ ~$$*******U*#*s*s$****s*s*1*$*s!L (1) ‘ISET STIMV E C = BIN(IPAT);

INP UT IPAT USING INTAPE FORMAT
SET RESPVEC = ZER OVEC; SET DON T CA RE = ZEROVEC :
REPE A T FOR I = I TO 64;

IF IPAT:I: = ‘1’ THEN SET.RESPVEC:I: zBIN ’l’; EN D IF ;
IF IPAT:J: = X ’ THEN SET DONTCARE:I: ~~IN ’1’; FND IF;

END REPEAT;
CHANGE LOG IC STATE OF STI M TO S T I N V E C ;
RE AD LOGIC STATE USING RESP INTO PFSPVEC ;

- 1  SET RESPVEC = RESPVEC AND NOT DONTCARF;
IF RE SPVEC NOT ZER OVF C THE N

OUTPUT TEST,R ESPVF C
USI NG TE MPF ILE . FORMAT (S)* (64)IiL (I)’ ;

(N o t e s  N o t i c e  how much repetions inside of formats help ! )

SET LA S T F L f T F S T  = TEST:
• END I F ;

E N D  R E P E A T ;

II ALL OF THE INPUTS HA V E  BEEN READ AND APPLIED. WAS THE UNIT ANY GrinD?

DISCON NEC T STIM : DISCONNECT RESP;
IF LASTELITTEST = 0 T H E N  I / U N I T  W A S  ~~

A— 12 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~



- ~— ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ 
______________________________________________________________________________-~~~~-- —I

Appendix A

OUTPUT USING PRINTER FORMAT ‘UNIT PASSED TESTtL (I) :
GOlD TOP:

END IF;
OUTPUT USING PNINTER

FORMAT ‘(INIT FAILED, ANALYSIS STAPTING~ t~(1)’;
• REPEAT FOR I I TO NFAULTS

SET WEIGHT (I] 0:
END R E P E A T ;
OUTPUT USING TEMPFI [~E FORMAT REWIND :

SET IJTFR = 0;
REPEAT FOR I 1 TO NE PRVEC ;

I N P U T  F A U L T , I P A T  U S I N G  I N T A P E  F O R M A T  ( 5) *  (64)$U- (1)’:
SET FAULJTVEC = 131N (IPA T);

- 
- rF I<=LASTFT,TTFST THEN

REPEAT W H I L E  LTFR< l :
INP UT L.TFR, IPAT USING TEMPI”ILF

FORMAT ‘(S)* (64)* L(l)’;
SET E R P V E C  IIIN (IPAT) ;

E ND REPEAT ;
- 

- 
ELSE SET ERP VEC 0;

E N D IF ;

II NOW SCAN AL L THE BITS 
- - •

REPEAT FOR 3 = 1 To 64;
IF FAULTVEC :T: :BTN ’l’ THEN

IF’ ERRVEC:I: ‘1’ THEN
SET WEIGHT (FAULTJ = WEIGHT (FAULTI • 1;

ELSE
SET WETGHT (FAULT ) = WFIGHT(FAULTI + 3;

END IF;
END IF ;

END REPEAT ;
END REPEAT;

INPUT U S I N G  I N T A P E  F O R M A T  R E W I N D ;
OUTPUT USING TEMPFII,E FORMAT REWIND:

1/ WEIGHT TABLE NOW B U I L T ,  FIND 20 BiGGEST WEIGHTS

SET BIGWEIGHTS(11 = 9999;
REPEAT FOR I = 2 TO 21;

SET BIGWEIGHTS(I) = 0;

SET BIGFAULT(I) 0;
END REPEAT:
REPEAT FOR I I TO ~FAULTS;

REPEAT FOP 3 = 21 TO I WHILE WEIGHT (T)>RIGWEIGHT [J1:

A —1 3

- -

~
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Appendix A

SET B1GWEIGHT (J+1) BIGWEIGHT (JJ;
SET BIGF’~UL T ( J + I J  = RIGEAULTIJJ;

END REPEAT;
SET 8IGW~~IGHT (J+IJ WFJGHTII):
SET ‘3IGFAULTS(J+1J = I;

END R E P E A T ;

• OUTPUT u S I N G  P R I N T E R  F O R M A T
‘MOST P R O B A B L E  F A U L T S !L ( 2 ) F A U L T  W E I G H T ! L ( 2 ) ’ ;

R E P E A T  FOR 1 = 2 TO 21 ;
OUTPUT HIGPAULT (I], BIGWE IGHTE !J USING PRINTER FORMAT

•* * * * *  u****IL (I)’;
END REPEAT:
GOTO TOP;

END OPA L P R O G R A M  D I C T E S T ;

I
- 
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5.2.4.1 DECLARE srA -r EMFNT -. 

-

To a id  in e x a mj n j n g  and S e t t i ng  s u b s t rin q s ,  t h e  f o ] 1o ~!inq
n o m e n c l a t u r e  chan oes  are  r e c o m m e n d e l .

5.2.4.1.1 Syntax (Changes)

strino—mode ::= ,CHAR STPIN~~ -~~leng th—clause, ...
1BJTSTRING J ‘ L * 

-

r i n t e i e r — c o n s t a n t
lervutfl—clause ::=

1~n am e  I ( l e n q t h — c l a u s e ,... ))J

5.2.4.1 .3  E x a m o l e s

1) DECLIA PE S R I T S T R I N G 8 O )  $
2) r :c !,APE S HITSTPIrtIG (T, (iO ),P(80)) $
3) ) E C OJ A RE X C 9 A R S T R I N G ( ~~, s 7 ( 1 0) , 4 ,o ( 8 ,c~Z ( 1 ) , 2 ) )  $

E x a m o l e s  1 an d  2 bo th  d e c l a r e  a h i t s t r i n o  i d e n t i f i e r  S of ~()
b i t s .  H o w e v e r ,  in  e x a m p l e  2 ,, t h e  s t r i ng  is c on s t r u c t~~ci f r o r
the  c on c a t e nat i o n  of t he  su b s t r i n g s  L and  P , each consIst1~~of 40 b I t s .  E x a m p l e  3 sh o - ~s a m o r e  c o m o l e x  s tr ~j c t u r e d  e x a m —
ole.

ii

ATT I 
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5.7.4.3 REQUIRE St a t emen t

A R EQUIRE statement describes a virtual resource needed to
con duct a test ot a OUT and assumed to be available.

5.2.4.3.1. Syntax
- [test—resource

require— stm t ::= RE QUIRE resource—name ,... ~ clock—resource )
i/o—resource j

resource—na me :: name

r n o u n  s i n — m o d i f I e r  fsouPc~~test—r esource ::= ~ 
‘tSENSORJ 1 test— resource—e~esc

LIMPEDANCF : sia—m odifier LOAD J

test—resource —dese ::= Itest— resource — structurei test—resource—s pec

( C N X  r e o — c o n n ]

test—resource — spec :: WITH tcontrol— ljm jtationj (cap ab jlitv- ljmitatjon j

: (limit— I imit at lonJ

- contro1— 1ii~itation ::= CONTROL req—l imitation ,...

caoao1li ty— lI~n itatt on ::: CAPA B ILITY req—li mitation ,...

lim it—limitation ::= LIM IT req—limitation,.. .

~ I Isig—li mi tat ion
• req—limitation )test iimltation

~thru—l im itat ion

• stq—ll ml ta tion :: si~i—mo d1fier req—mod—desc

test—limitation ::: test ’nodjfjer req—mod— dese

t 
thru— lin ita t lon ::= thru—m oditier reg—mod—desc

req—m o d—desc ::= rea—m od— va1ue~
re q—mod—ranqe (

~ 
-------— •~~~~~~~~~~ --— — —-•- - —~- - - - -—- - — - ~
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req—mod—value ::: eq numerjcal—constant,..,(accuraeyl
- (numerical—constant accuracy),...-

4 rca—mod—ran ge :: 4(gt—l t numeric—constant ) I

(eq numer ic— constant TO numeric—constant

(BY nu meric—constant I )-) I accuracy)

>
qt—l t ::: >:

eq ;: =

re l—co nn ::= (pin—descriptor resource—pin),...

test—resource—structure ::: SET (set—clause ,...)

set—clause ::: 
- i n t e g e r — c o n s t a n t  ( a f t e r — c l a u s e )
~ resource—name ((set—clause ,...)]

(test—res ource— speci (CNX req—conn )

— after—clause AFTER.DELAY tlme—c tause

9t 1t time—interval
t i m e — c l a u s e  : :=  ‘~ eq - 

-

t 

time—interval TO tlme— Inter va l~~

si ’~— m o i I f i e r  ::: name

• noun name (noun—su ffjxJ

• m odif ier ::~ nam efmo djfjer— su ffjxl

noun—su tf ix ::= ...name

moil t ier—su ffix ::: ..name

~ 

~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ - - -



_______________ - 

I

I

9

H

d J I
- - :D P 1

‘~~~~ l~~~,. r i~1 .0 ,
H

k ATF 4
- - -  ~~~~~~~~~~ ~~~~~~~~~~ -~~~~~--~~~ -- ~-~----•--- -~~~~ ~~~~~~~~~~~~~~~~~~~ S_~~~~~~

_ __ 4



- 

~~~~~~~~~~~~~~~~~~~~~~~~~ 
- — —

~~~
-
~~~~

-
~~~

- - ---—

Pin descriptors and modifiers must be appropriate to the in—
h eated noun. Resource...pins and resource..names within a
single set._dtause and test...resource must be unique.

5.2.4.3.3. Examples

a) REQUIRE 12 t I M E  INTERVAL CLOCK:

b )  REQUIRE ACS AC VOLTAGE SOURCE
wITH CONrROL VOLTAGE I VOLT TO 10 VOLT BY 100 M*VOIJT ,

FPEQ:5U HZ TO 400 HZ
CAPA BILITY CUPRENT I AMP
f~IMiT CURRENT 2 AMP

CU p11 A , LO=B;

C )  REQU IRE A C V M  AC V O L T A G E  SENSOR 
-

~ IT~I CAPABILITY VOLTAGE< 450 VOl T,
FPFQ SO HZ T(, 4 4 rj  H7

CNX Ht :A , L C R , LC)=G;

ri) R E Q U I R E  1,1) LIJ A I) IM PEPANCI~
‘~I1’ d (:APA8IL1ITY IMP F.DANCE=1000 flH! ’

LIMIT CUHRENT_TPMS:I AP~P
C~ X PI HI , P2=Lfl ;

— e) REQUIRE PSS1) UC_IJOGIC SOURCE SET
(TTLI (8) WITH CONTROL VOLTAGE_l:4.7 VOLT,

VOLTAGE_ 0 0 VOLT
CAPA BILITY CUPRFNT=100 M *A’-~P,

SLL (4) WITH CONTROL VUL TA GE _1:—1.2 VOLT ,
VOLTAG E _0 5.~ VOLT

) WITH LIM IT RISE_ TIME < 100 N*SEC
CNX TRtJ=O , COMP:G;

5.4.3.h4. Sem~~ tics

rhese sei-anttc s -lefine onlY the structural concepts (i.e.,
Sets) for ~hjch this organization is responsible. The

— 
- rema inoer of the statement semantics must be appended.

A sinqie Identitler (resource _name ) may refer to a set of
identical or similar resources. Any action reterencin a such
an identifier Implies that the action to each component of
the set is to be perform ed concurrently . The number of cam—
conen ts ~ithln the set Is defined ~y 

tb .~e sum of the
in teger—constants which appear within the construct. Fu lly
par titioned subsettin q of contiguous groups of components ,
w ith or without names, may bC soecified bY the recursive na-

- - 
ture of the set—clause construct.

Test resource soecitica tions (test resource...spec) and con-
nec tions (CNX req conn) are local to the scope in which they

~~~~~~~~~~~~~~~~ are defined and global to any subsets ithin that structure
1~ iith~ 1M~.L o~ ~~~~~~ 

g



t
If  they are respecified within a lower level structure.
that respecification becomes valid for the scope in
which It is defined. Of course this rule applies re—
cursively.

— 

The following example Shows the scoplng:

REQUIRE A DC VOLTAGE SOURCE SET
(B(2),C(2) W IFH CONTROL VOLTAGE~ 1 VOLT ,

- D(E (2),F WITH CONTROL VO~~TA~~E=2 VOLT)
W ITH CONTROL VOLTAGEz3 VOLT)

- 
) WITH CONTROL VOLTAGE 4 VOLT

- I I 
CAPABILITY CURREj~T=1 AMP

- CNX P:HI, Q=LO;

- 
____  5u ~stL

1 1 1
B

- 2 2 2

3 1 3
C Voltage :

4 2 1 Volt 4 A Voltaae=
- 4 Volt

-
- 

- 5 1 1 5 CNX P,0

6 2 2 1) Voltage: 6
3 Volt

7 1 F Vol tage: 3 7
2 Volt

Thus:

a) Each resource component has two oins: P and 0.

b) Components I t h r o u qh  2 of set A (subset B) have
voltage=4 volt as globally defined .

c) Components 3 through 4 of set A (sut~set C) have

4 
vo~ taqe:1 volt as locally defined at the C level .

d) Comoonents S through 7 of set A (subset 0) ha~e a
vol taqe:3 volt specification, however only the cam—

- - 1 ponents S through 6 of SCt A (1 through 7 of subset
D , subs et F) have that Soeclfication sine. com-
Ponent 7 of set A (component 2 of subset 0, subse t
F) has the voltage respecitjecl as voltaqe:2 volt.

e) Each resource component has a current capabilit y of
1 amp .

I-

The after — clause serves to define a time delay between the
- ~~~~~~~~~~~~~~~~~ ~~ tu~it chanaa ~~~~~~~~~~~~~~~~~~~~~~~~~ ~~~~~~
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example shoxs a definition and usage with the CHANGE state-
ment .

REQU IRE OSSI) DC_LOGIC SOURCE SET
(DATA (1O), CLK AFTER DELAY 10 N*SEC TO 100 N *SEC)
w I T H  e e e e e

CVX S_ e S e o ee e_ _ 0e

CHANGE . STATE OF DSSD.DATA TO SV .DATA ,
DSSD.CLK TO BIN ‘1’

AFIEiL.DELAY SO N*SEC ;

When th e CH A ~4GE statement is executed , the above statements
cause resource set DSSD.DATA to change value to SV.DATA at
th e time of chanqe command (or t—zero ). The resource

J DSSD .CLK Is -changed to the value of BIN ‘1’ after a delay of
50 nanosecon ds from the time of the ‘change comman d (or t—
zero+SO).

I

~ I

- t  
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5.2.4.4 SPECIFY STA !’EMENT

A SPECIFY statement describes an actual test—ooint o n a  UUT ,
and the constraints, if any, to be imposed on that point.

5.7.4.4.1 Syntax

soeclty—stmt ::= SPECIFY test—place,... Jllnkaqe restrictions1 , ;
‘
~shape J

linkage ::: LINKED connection....

connection ::: otn—deserlptor : test—point

oin—descrjptor :1= name

test—o olnt ::= name

shaoe ::= SET (shape—clause)

shape—clause :: Jinte~er_constant Irestrictions )

test—po int ((shape—clause,...)]

restrictions ::= AS resource—name EMITTER snecjfy—spec~
‘ noun moditier ,~ ACCEPTOR ,

OPAS...

soecjty—spec ::= W ITH limitation,...

limitation ::: modifier (modifier—value ),...

ATT 8
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modifier—value ::= 1<) <= ç numeric—co nstant

= numeric—constant TO nu’reric—constant
numeric—constant

5.2.4.4.2 Constraints

If a resource .name is oart of a SPE CIFY statement, it shall
have been previousl y described In a REQUIRE statement.
Pin—descri ptors and ‘n orsitjers must ~e aoprooriate to the in—

- I dicated noun. Test—point names at the same level within a
shaoe—clause must he distinct.

5.2.4.4.3 Examples

1)  SPECIFY OUT SE T ( 10 0 )  $

2) SPECIFY OUT SET
(DICITAL (CLOCK (4) ,DA rA ( 16) ,CONTROL(A))

LOGIC V OLTAGE ACCEPTOR WITH
VOLTAGE ..O<2.2 VOLT,
VOLTAGE_l> 2.2 VOLT,

ANALOG(2)
DC VOLTAGE EMITTER WITH

VOLTAGE :O VOLT TO tO VOLT );

5.2.4.4.4 SemantIcs

In  Example 1, a UIJT is modelled as a set of 100 ordered test
ooln ts any of which may be referenced by subscripting .

In Example 2. the OU T is structured as a set at 30 test
ooints which are grouped into two first level subsets con—
sis ti na of D T G I T~ L (28 test—points) and ANALOG (2 test—
oo lnts). The ANA LflC subset is restricted to a DC voltage
em i tter with a voltage ranae of 0 throuah 10 volts. The P1-
C . T T A L  subset is restricted to a loaic voltage accePtor with
a voltaqe 0 reoresented by less than 2.2 volts ano voltaoe_i
reoresentel by ~ireater than or equal to 2.2 volts. The sub—
set DIGITAL Is further subset into three nrouos; CLOCK, DA TA
and CONTROL , with 4, 16. and 8 test—points, respectively .

- -
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5.2.4.22 READ Statement

A READ statement causes a single or multi p le read of IUJ T
charac teristics and the storage of the results.

5.2.4.22.1 Syntax

read—stmt ::= (label:) read—group ;

re a d — g r o u p  ::= READinoun ~reaI-mo difier IN unlt (accuracvl
strin g—modifier

read—structure

read—structure ::= ) read—clause
(t ot—cl ause (at—rate]] 1

L
(read_str ucture....)

(after—clause ]

read—clause ::: USING resource—ret INTO location

at—rate ::: AT—RATE rate—claus e
- - 1
jgt—1t~. rate—value

rate—clause :: l~
g —

rate—value TO rate—value
j

I fgt—lt\ time—interval
after—clause AFTEP...DELAY ~ eq J

Itime—Interva l TO time •Interval; -

ra te—value :: exoression

- I tim e—interval :: expression

5.2.4.22 .2 Constrain ts

The named noun and modifier, If used, must he the same as • —

those in the REQUIRE statement . If more than a single
resource Is reference d In the iterative or recursive struc—
ture, they must all be components of the same base set. If
the at—rate clause is utilized , the data—rate modifier must
have appeared as a m oditler in the REQUIRE statement. If

L the after—clause is utilized , that clause must have appeared— p ~~~ 4~~~ ~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~ A~~t dkLAnI tiQn 
~~~~~~ —.~ -~— -
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5.2.4.22.3 Examples

1) READ AC VOLTAGE IN M*VOLT USING MVA—i INTO VI ;

2) READ DC VOLTAGE IN VOLT (USING DVM INTO V i,
U S I N G  DVM INTO V 2 )

AFTER D E L A Y  = 100 M *SEC ;

3) READ DC VOLTAGE IN VOLT
FOR 1:1 TO 10 AT _R A T E  = 1 K*HZ

(USING DVM INTO V( I)) ;

4) READ DC_LOGIC STATE
FOR 1 1  TO 8 AT_RATE = 10 K*HZ

USING DSSR.S INTO R~ :I: ;

E x p l a n a t i o n s

1) Read the value measured by the resource MV A —1 ;
scale t~e va lue in to volts , if necessary, and
store the result in location VI.

2) Read the value measured by the resource MVA— 1;
scale the value into volts, if necessary, and
store the result in location Vi. After a delay of

— 
100 milliseconds repeat the operations but store
the re.~iit in V2.

3) Read the value measured by the resource DVM; scale
the value Into volts, if necessary, and store the
result in the elements (1 through tO) of the array
V.  The 10 readings shall be made at a rate of 1
Kilohertz.

4) The digital loaic sensor DSSR.S will read an ~•bitserial data item at a bit rate of 10 kilohertz and
store the result into the bit— string data word RW

- - such  t h a t  the first bit received becomes bit 1 of
the word , (i.e., most sianificant bit first).

5.2.4.22.4 Semantics

The current value (s) being sensed b~ the named resource Is
recorded, scaled Into the specified units, if necessary, and
stored in the specified location.

ATT 13
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5.2.4.26 CHANG E STATEMENT

This statement is used to cause a specified resource charac—
t e ri s ti c  to oe changed.

5.2.4.26.1 Syntax

chanqe—st’n t (label:) change—group ;

c h a n g e — g r o u p  :: C H A N G E  noun  m o d i f i e r  change—structure,...

change— s tructure ::: -
- change—clause

(for—clause (at—rate]] ~(ch anqe—structure.... )

I [after—clause]

: 1
~

- 
change—clause ::: OF resource—ref TO value (tor—t imel

at— rate ::: AT_PATE rate—c lause

- ~~~~~~~~~~~~~~~~~~~~~ rate—value
rate—claus e ::: eq J

— rate— valu e TO rate—value J

r a t e — v a l u e  ::: ex o r e s s l o n
p -

after—clause :: AFTER _ DELAY t i m e — c l a u s e

for—time ::= FOR TIME time—clause

J [cit—it , time—interval 
-

~
t ime— clause ::= ~ len

time— interval TO time—interval

resource—re t :: name. ...(:component—selector:3

componen t—selector ::= Integer—constant

5.2.4.26.2 Constraints

The named modifier must have been associated with the
resource  in a R E Q U I R E  s tat e m e n t .  I f  more  than  a single

_ _ _ _ _ _ _  —~~~ 
~~~~~~~~~~~~~~~~~~~~~~~ in. th~ ~itst*tLvi or recurajyt struc- 4
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tures , they must all be components of the same top—l evel Set
of resources. If the at—rate clause is utilized , the rate

- modifier must have appeared as a modifier in the REQUIRE
statement. If the after—clause is utilized , a correspond-
in~ after—clau se must have aoPeared in the REQUIRE state—

- ment. If the for—time clause is utilized, it must have also
aooeared as a modifier In the REQUIRE statement.

5.2.4.26.3 Examoles

1) CHAN GE AC VOLTAGE OF ACS TO 8 VOLT;
2) CHANGE DC V O L T A G E  OF’ DCSI TO 4 VOLT FOR_TIME :2 SEC ;

- - 3) CF~ANGE OC VOLTAGE (OF DCSI TO 4 VOLT,
OF DCSI 10 0 VOLT AFTFR_DE~A Y 2  SEC);

4) CHANGE DC VOLTAGE FOP 1:1 TO 8 AT RA TF IO K$HZ
(OF DCS1 TO 4 VOLT F’OP_TIME:l U*SEC);

An analysis of the examples follows:

1) Assumin g the current value of ACS were 0 volt, it
Is changed to 8 volts for an indefin ite period.

2) AssumIn g the current value of DCS were 0 volt, it
is changed to a value of 4 volts for a oeriod of 2
seconds and then returns to the value of 0 volt.
It should be understood that the action followinci
that statement will occur concurrentl y with the
change.

3) Assum in g the current value of OCS were 0 volt, It
is changed to a value of 4 volts and program execu-
tion i-s susPen ded for a period of 2 seconds, after

- - 
which the value is returned to 0 volt. Unlike ex—
ample 2 the action tollow ing the statement does not

- - occur until after the value of DCS has returned to
0 vol t.

fl Assumin g the current value of DCS were 0 volt , th is
statement produces a burst ot q pulses of amp litude I -

4 vo lts , a Pulse— widt h of I usec, ant i a p u l s e —
• reoetition rate of tO KHZ.

5.2.4.?6.4 Semantics

The value of the changed characteristic is channed as speci-
fied by the change—clause(s ). If the for—time clause is
ut ilized, the change occurs tor the duration of the sped —
fled time after which the charac ter istic returns to the o n —
ainal value. I t should be noted that the action following

4 such usaae occurs concurrent lv ,  or as nearly so as the svs-
tern will allo~. It the after—cl ause is utilized, it refers
to the preceding clause and implies a delay from the CHANG E’

~~~~~~~~~~ comman d or, it the resource reference is a sub—set then the
~~~~~ t-~~~ - ~~~~~~~~~~~~~~ ~~~~~CKANGL ~D1 tbt .t~~ rP~QLt ~~~~~~~~~ 1MP~’
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set). It the for—clause I s  utilized, the tollowifla group is

iterated as specified at either a rate controlled bV the

rate—clause or of an unspecified rate. If unspecified, the

rate is  assume d to ~e as fast as the system will allow .

I
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This Aopendtx contains the nouns, modifiers , and units of
measure which form a rna~or oart of the OPAL vocabulary .

The Aopend lx consists of two ma-b r sections, and a source
reference list, as follows: -

Section 1 — Electronic—Avionics
Section II — ~4echanica1, Pneumatic—H ydraulic, and Optical—

Radjometr ic
Source Reference List -

Each section contains a noun and a modifier list. For Un-
its , see Aopendlx 7. Each language element Is shown in Its OPAL
form (excessively long words are abbreviated ) as well as its full

[I form.

r 
Noun lists consist of each noun, its definition , and the

modifiers -which tall within thet class of characteristics. The
f u l l  mo d i f ie r  name , its OPAL form , and the units in which each
may be measured are included. Units are shown In their OPAL form
only. When apolicable , the noun list beam s with a set of modif-
ier suffixes. Suffixes are defined as terms which are combined
with a mod ifier to more oreciselv describe a characteristic.

Modifier lists contain the definition of each charecteris—
tic, a source reference, and the nouns with which each modifier
is used.

The source reference list ( ftalns the bibliography from
which the definitions were drawn.

The vocabulary Is designed to be expandable In its diction—
arv of nouns, modifiers , anti units. As the need for additional
descriotors of measurable characteristics arises , these will be
submitted through oroper channels and officiall y added to this
Aoo endlx .

SECTTON I — ELECTRONICS—AVIO NICS
NOUN LIST

A. Suftixes:

1. Modifier Suffixes

All non— DC measu re’~ents specified in amperes or volts
(e.a., current, voltage, etc.) are assumed to reoresent a
distortlonless RMS value of the named characteristic, unless
one of the followina suffixes Is specified .~ Ith the modifier:

TRMS (True Root Mean Snuare): The sauare root of the avera ie
of the sauare of the value taken throu~hout one oeriod . :- 

-

A V (Averaae): The value averaged over a full cycle.

PP (Peek to Peak): The total value measured over one full
- 

- cycle, from the posltlve—aolna oeak to the negative—
going peaK.

~ 

~~~~l8
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P (Peak): Designates the instantaneous value of the
onsitive -coina peak of a time function.

P,.Neq (Peak—Negative): Designates the instantaneous va li e of
the neqative—qoina peak of a time function.

0 (Zero) and 1 (One): Modif ier suffixes to be used wi th the
modifiers defining the logical state to descri~- e the
analogue characteristics which renresent a 0 ar. ci I
respec tively in the STATE bitstrinq .

Note 1: The value of _P and ._ P_NEG shall be designate -i as
ne~ attve with a minus sign or as positive with either no
sign or a -p lus 5jqn ,

H Note 2: A break character shall be used to loin a suffix
with a mod ifier as:

V OLT AG E_A V

2. Noun Suf~ ix

To enable any characteristic to represent logicaL data
the suffix LOGIC will be used with any applicable noun. The
use of the suffix imoli cit lv defines that there is a logical

— — state bit—strin a modifier associated with the resource. To
define the logic-i l states requires that th~ modifier appear
tw ice, with 0 and 1 suffixes , in both the resource definition
and the aoprooriate executable statements.

The use of a diqital logic resource may require the use
of additional moditiers to the set associated with the noun,
these are summarized below:

1) STATE Modif ier to describe the logical ‘sta te ’
of a digital logic resource set.

2) DATA ..I.RATE Describes , for sources, th e rate at which
CHANCEs can occur, and for sensors th e
rate at which READin gs can be made, nor—
ma lly has an HZ dimens ion. In aeneral,
this modifier must be CONTROLab1e, and is
programme d by t~ e at..rate clause in the

- 
- CHANG E an d PEAD statements, for source

and sensor resources , respectively . How-
ever, it the usage within an entire test
program reaujres that the value Is con-
stant then it may appear as a CAP AI~ILITY
mod ifier.

-~~ - 3) DATA _w Ir)rH Used only with source resources and
describes the oulse width, in units of
time for a single ‘b it’ of data. In aen—
eral, this modifier must be CONTROLab 1C
and is programm ed h~ the for— time clause
anPearina in the change statement. How—
ever, if the usage within an entire test
program reauires that the value Is con—

~~~ stant then it may appear as a CAPABILITY
- — I -_-_ ~,1 — —-----~- — —- —~ -~~---~- - modiLi_ar— . - -
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4) BUFFER _SIZE The assumed model of a digital resource
for dynamic testing includes a n’emorv
buff er. The dynamic testing construct
prop osed describes the number of ‘bits ’
transmi tted or received , at the snecltted
rate, in a contiguous stream . In order
to determine If a snecific actual
resource can satisfy the virtual resource
it is necessary for the m axin~um number of
bits Issued in a continuous stream ,
within the entire test program be spec !—
tied as a CAPABILITY BUFF~P

_STZF moditier
in the virtual resource REQUIRE state-
men t. It should be understood that If
the actual resource BUFFER _SIZE Is less
than the virtual , It does not necessarily
oreclude the possibility of the REQUIRE—
MENT being satisfied. This is so since

- 
- the maximum REQUIRE DATA _PA TE may be such

that buffering is not required.

- - — -~~~~~ £ _________ __________ - — - .
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5.3.4 Aop end ix 4 — Verbs and Keywords

verb ::= 1)ECLAREI DEF INFI PEQ~IiPEl SPECI FYI

-- p APrtrrm4 ISET li F t REP fAT l [.FAVF I CYClE - I

CA L LI RE ~~tJR ~~I E S C A P E  I T A B L E I S T A P T I

CHAN GEI REAL ) IDELAY IOUTPUT ll ~~PU 1l

A P i
~~ 1,Y I R E M O V E I MF~~~~SUF’E I AC TiVAT E IGflTO~

~~~4B!1EI D ISABL E - V T E P M I N A T E I  SETUP ICflT~N F C T l

DT SC I1 rJ N E C T I CL I ) S E - .  I O P E N  I B F G I N  I M1J~~ITOP

R E F E R E - ~~ CE IINCLtJE )E-’ I B F C I N _BLO C K I C ~-~A I! \ I

C ) M M I J I4 I R U N

kevwor -i :: TFUJEI P- t~L,SEI BIN I OCT I H E X  IB CnI X rP lOW

A t’)D I N O T I  ROTATE _L EFT I ROTATE_ }~TGI1 T

S9TFT_LFFT ISt-ITFT_ HIGHT IA R ITH_ SHIFT_LEFT I

A R T T H _SHTFT_PTCHT u N  ITS I I NTEGEP IPEA LI

ROOLEAM ICHAP STRING IBI’ISTRINC IA PRAY ISHAREI

INI T IAL IFUNCT ION ISURROUTINE IINTEPRUPT ITAS I< I

PRIORITY IPESIJLT lEN D ICHECKIN G I E V E R Y  I P C  I

CWX ISUUPCE ISENSOP I L f l A I )  ICLOCK IEMITTER . ITO

A C C E P T O R  lAS IFLSFI THEN I FOR IBY IWH ILF IUNT IL I

DC1 IPR I)M u NTO IBUT IA FTE PI USING IFORMA T I

AT IOPA L I PROGRA M IMAN UAL_ IN TERVENT ION I

INPUT _D J OUTPUT_ D I W HE N I W I T H IFULL...SCAL1E I

READI NG ISET IA FTEP _DELAY ICONTROL1 I

CAPA BILI rY IlIMIT I!,TNYEO JORA S IFOR _TIM E 
—

A T _ P A T E tOE’

_ _ _ _ _~~~ _ _ _
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- ¶ Commander Coumiander
U.S. Army Materiel Development U.S. Army Missile Command
and Readiness Command Huntsville, AL 35809
5001 Eisenhower Avenue

— - Alexandria, VA 22333
1 ATTN: DRSMI-RLD - Mr. D. Thurman

1 ATTN : DRCDL — J. A. Bender 1 ATTN : DRSMI-RLE - Mr. C. Hubbard
1 ATTN : DRCDE—T 1 ATTN : Director of Maintenance, TIlDE Of c
1 ATTN : DRCDE—DS

Commander Commander
U.S. Army Tank Automotive Army Satellite Communications Command

- - Materiel Readiness Command ATTN: DRCPM—SC—8B
Warren, MI 48090 Pt. Monmouth, NJ 07703

1 ATTN : DRSTA-RGD Commander
1 Al~iN: DRSTA-MST - Mr. R. Watts U.S. Army Maintenance Management Center

ATTN: DRXMD-TR - Mr. P. Smith
Co~~ander Lexington, KY 40507
U.S. Army Aviation Systems Command
P.O. Box 209 Commander
ATTN : DRSAV-YPP U.S. Army ARADMA C
St. Louis, MO 63120 ATTN: SAVAE—EMP - Mr. L. Baca

Corpus Christi, TX 78419
S Commander

U.S. Army Electronics Command Army Security Agency
Pt. Monmouth, NJ 07703 ATTN : IALOG—RME

Arlington, VA 22212
1 ATTN : DRSEL—SA — Mr. R. Caccamise
1 ATTN : DRSEL-TL—M— Mr. M. Tenzer Commander
1 ATTN: DRSEL-MA—D— Mr. J. Carter Sacramento Array Depot

~ 1 
1 ATTN : DRSEL—NL—BG Dr. E. Lieblein Sacramento, CA 95813

Commander 1 ATTN: DRSXA-MME — Mr. H. Kuyama
Tobyhanna Army Depot 1 ATTN : Dep . Dir , Maint - Mr. A. Weaver
Tobyhanna, PA 18466

Commander
1 ATTN : DRXTO—MI-O — Mr. J. Buckland Picatinny Arsenal
1 ATTN : Dep. Dir, Mr. W. Morris ATTN: TSD — Mr. D. Morlock (Bldg 352)

- I Dover, NJ 07801
Commander
U.S . Army Materiel Systems Commander
Analysis Agency U.S. A rmy Logistics Center

S ATTN : DRXSY-CC - Mr, D. Lynch ATTN: ATCL-MC - Mr. C. Adenauer
Aberdeen Proving Ground, MD 21005 Pt. Lee, VA 23801
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ABu T (continued)

Commander Commander
TRASANA U.S. Army Armament Command
ATTN: ATAA-TDL ATTN : DRSAR-RDG
White Sands Missile Range, NM 88002 Rock Island, IL 61201

DA—ODCSLOG Headquarters, DA
ATTN: DALO-SIIl-E - Mr. Nichols DANA-CSS

Washington, DC 20310 Washington, DC 20310

COL E. A. Viereck, Jr. PM, ARTADS
ASA L&L ATTN : DRCPM-TDS-TP - Mr. David Blank
Room 3E619 Ft. Monmouth, NJ 07703
Pentagon Building
Washington, DC 20310 Commander

U. S. Army TARADCOM
PM, ATSS ATTN: DRDTA-RCD — Mr. J. Steyaert

-: ATTN: DRQ!P-ATSS, LTC J. Gabrysiak 28251 Van Dyke
Ft. Monmouth , NJ 07703 Warren, MI 48090

Co~ nander
U.S. Army Troop Support Command
4300 Goodfellow Boulevard

— St. Louis, M) 63120 
-
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NAVY

Headquar ters Commander - - -
Naval Materiel Command Naval Electronic Systems Command
ATTN: Director, Automatic Test ATTN: ELEX 4802. Mr. C. Margulies
Equipment Management & Technology Washington, DC 20360
Office (MAT 036T)

Washington, DC 20360 Couinander
Naval Sea Systems Command

— 
ColmDander ATTN : SEA 98223, Mr. John Yaroma
Naval Air Syst s Command Washington, DC 20360
ATTN : AIR 53424, Mr. M. Myles
Washington, DC Z0360 Commander

Naval Electronics Laboratory Center
Commander ATTN: Code 4050, Mr. D. Douglas
Naval Electronic Systems 271 Cataline Boulevard
Engineering Center San Diego, CA 92152

ATTN: 03T, Mr. F. Fernandez
P.O. Box 80337
San Diego, CA 92138
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AIR FORCE

Commander Headquarter.
Rally Air Force Base - USAP/LGTE
San Antonio, TX 78241 ATTN: Mr. C. Houk I 

-

- Washington, DC 20330
1 ATTN: SA—ALC/MMIN—Mr . J. Ferrell

-- 1 ATTN: SA-ALC/XRXM-Mr . T. Daily Commander
1. ATTN: SA—ALC/MN~C—Mr . J. Cotnaa Wright Patterson Air Force Base
1. ATTN: SA/ALC/M&CT—Mr . H. Arant Dayton, OH 45433

Headquarters - 1 ArZN: ASD/ENECE-Mr . D. Behymer
AFSC/Lt~~ 1 ATTN: ASD/AEG

— Andrewa Air Force Base
ATTN: Mr. Clark Walker
Washington, DC 20336
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OTHER

Defense Documentation Center (12) Center for Computer Sciences & Technology
Cameron Station National Bureau of Standards
Alexandria , VA 22314 Washington, DC 20234

NASA Massachusetts- Computer Associates
J.F. Kennedy Space Center 26 Princess Street-

— ATTN: DE-DEO—2, Mr. L. Dickison Wakefield, MA 01880
Kennedy Space Center , FL 32899

- - 
- - - 

1 ATTN : Mr. D. Lovenan
RLG Associates, Inc — 

- - 
1 ATTN: Mr. Thomas- -Cheatham, Jr.

11250 Roger Bacon Drive
Suite 16 Robert G. Kurkjl4n
Reston, VA 22090 - Hughes Aircraft Company

Bldg 6, MS Bill
Ralph Shirak Culver City, CA 90230
RCA Corporation
P.O. Box 588 Andy Mills
Burlington, MA 01801 Hewlett—Packard

974 East Arques
B. Richard Cliale Sunnyvale, CA 94806
Aeronautical Radio, Inc.
2551 Riva Road N. T. Schloesser
Annapolis, MD 21401 Lockheed—California Company

Div. of Lockheed Aircraft Corp., Bldg 167
Roger W. Fulling Burbank, CA 91520
Hughes Aircraft Company
1515 Wilson Boulevard Analytics
Arlington, VA 22209 2500 Maryland Road

Willow Grove , PA 19090
Leon C. Stucki
McDonnell Douglas Astronautics Co. 1 ATTN: Mr. S. Leibholtz
5301 Bolsa Avenue 1 ATTN: Mr. R. Brachman
Hungtington Beach, CA 92647

Dr. N. S. Pryves
Dept . of Computer and Information Science
University of Pennsylvania
Philadelphia , PA 19174
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PRANKFORD ARSENAL
a

Commander
Prankford Arsenal
Philadelphia, PA 19137

1 ATTN: CRP 107/1

1 ATTN: TD 107/1

1 ATTN: PA 107/2

1 ATTN: CC, 28/i

1 ATTN: QAA-E 119/2

1 AflN: PD, Mr. J. Corrie 64/4

2 ATTN: TSP—L 51/2

1 ATTN: FCF—C 202/1
- I I 40 ATTH: FCF 201/1

1 ATTN: FCF—S 201/1

1 ATTN: FCP— E 201/1

6 ATTN: TSP—T 51/2
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