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ABSTRACT 

This paper descr ibes  the  design of a compu- 
ter program which w i l l  read a source program 
w r i t t e n  i n  abbrevia ted  t e s t  language f o r  a l l  
systems (ATLAS) and fu rn i sh  a l i s t  of resources 
requi red  by the  ATLAS program t o  success fu l ly  
conduct a test .  These resources  inc lude  
s p e c i f i c a t i o n  requirements of test  equipment 
used t o  genera te  o r  t o  sense test s i g n a l s  and 
impedance load requirements needed f o r  the  
u n i t  under test .  This design uses  high l e v e l  
da t a  flow ana lys i s  of ATLAS (IEEE STC 416-1976) 
source code t o  determine the  requi red  resources  
of an ATLAS program. 
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FIGURE 1 

capac i tance ,  an inductance,  o r  some combination 
of each. T e s t  ins t ruments  inc lude  sources which 
genera te  s i g n a l s  i n t o  the  UUT and sensors  which 

INTRODUCTION measure s i g n a l s  from the  UUT. The ATLAS program 
uses the  computer t o  con t ro l  t he  adap te r ,  loads ,  
and test  ins t ruments  during a test .  This gram ca l l ed  a resource  a l l o c a t i o n  ana lyzer  f o r  
p re sen ta t ion  r e f e r s  t o  loads  and test  ins t ruments ,  av ionics  test  programs which are w r i t t e n  i n  

ATLAS (Abbreviated T e s t  Language f o r  A l l  Systems) 

This p re sen ta t ion  descr ibes  a computer pro- 

sources and as resources' 
a s  defined i n  IEEE STD 416-1976. ATLAS i s  a 
high o rde r  language used t o  con t ro l  automatic 
test equipment (ATE). Maintenance personnel 
o f t en  use ATE t o  test and checkout complex 
systems such a s  av ionics  o r  radar  f i r e  con t ro l  
sys t e m s  . 

A system o r  p a r t  of a system t o  be t e s t e d  
i s  o f t e n  re ferenced  a s  the  u n i t  under t e s t ,  o r  
UUT. During a test ,  the  UUT r equ i r e s  s i g n a l  
sources wi th  c r i t i c a l  c h a r a c t e r i s t i c s  a t t ached  
t o  some of i t s  connector p ins  whi le  UUT 
generated s i g n a l s  are measured from o the r  
connector p ins .  An ATE conf igura t ion  shown i n  
FIG 1 c o n s i s t s  of an  adapter ,  var ious  loads ,  
test  ins t ruments ,  and a computer. The UUT i s  
connected t o  the  ATE conf igura t ion  through an  
adapter .  The adapter  s e l e c t s  connector p ins  
c a l l e d  f o r  by the  ATLAS program. Loads a r e  
used t o  s a t i s f y  c e r t a i n  load  requirements 
requi red  by the  UUT on some of i t s  connector 
p ins .  A load  may inc lude  a r e s i s t ance ,  a 
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NEED FOR THIS PROGRAM 

When ATE i s  being cons t ruc ted  and test pro- 
grams a r e  being developed many problems are 
encountered during the  process .  Early i n  the  
program the re  i s  a need t o  de f ine  the  ATE hard- 
ware s o  design and development can begin i n  o rde r  
t h a t  t he  equipment can be de l ivered  concurrent 
wi th  the  f i r s t  a i r c r a f t .  This r equ i r e s  t h a t  test 
parameters and test times f o r  a l l  Line Replaceable 
Units (LRUs) be defined and s tud ied  so  t h a t  trade- 
o f f s  can be conducted t o  determine s t a t i o n  config- 
u ra t ions  and loadings .  By f i r s t  determining LRU 
t e s t  parameters (maximum o r  minimums) and then 
grouping similar requirements combined wi th  
compatible test times an optimum test s t a t i o n  
conf igura t ion  t h a t  i s  cos t  e f f e c t i v e  can be 
der ived .  The s t a t i o n s  are then b u i l t  and the  
software w r i t t e n .  The problem a r r i v e s  when the  
d e t a i l e d  program i s  f i r s t  pu t  on the  s t a t i o n .  
Because LRU test  requirements were based on b e s t  
da t a  a t  the  t i m e  and included only  maximum 
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requirements,  i t  i s  poss ib l e  t h a t  f u l l  da t a  was 
i n  e r r o r  o r  incomplete a t  the  time. An example 
might be where a requirement e x i s t s  f o r  a power 
supply of 2 v o l t s  a t  28 amperes and another 
power input  was 1.6 v o l t s  a t  .5 amperes. The 
need f o r  t he  2 supp l i e s  w a s  foreseen  but  when 
the  programmer c a l l e d  f o r  t he  f i r s t  connection 
of 1 .6  v o l t s  a t  .5 amperes the  T e s t  S t a t i o n  
assigned the  2 v o l t ,  28 amp supply because i t  
d i d n ' t  know the  next s t e p  was going t o  r equ i r e  
the  o the r  supply.  The resource  ana lyzer  w i l l  
c a t ch  a l l  requirements,  ex t r ac t ed  from the  
a c t u a l  program and i d e n t i f y  over lap ,  c o n f l i c t s  
and o the r  anomalies. 

Second, t he  programmers may no t  always be 
aware of t he  exac t  conf igu ra t ion  of t he  test 
s t a t i o n  thus  i t  is poss ib l e  f o r  a test program 
t o  compile f o r  say  5 o r  6 hours and then have 
the  program c a l l  f o r  e i t h e r  simultaneous 
a s s e t s  o r  non-available assets, a t  which t i m e  
t he  program h a l t s  and dumps l eav ing  wasted 
time. ATLAS programs f o r  complex LRUs may 
r equ i r e  two o r  more 25MB d i s c  paks so  major 
l o s s e s  of t h i s  type i n  t i m e  and personnel 
should not  be permi t ted  t o  occur .  

Third,  when items are t o  be t e s t e d  a t  depot 
l e v e l ,  i t  is  always d e s i r a b l e  t o  use e x i s t i n g  
ATE a t  t he  depot.  When the  test  program is  i n  
ATLAS, t he  resource  a l l o c a t i o n  ana lyzer  can 
provide a screening  of program requirements f o r  
comparison wi th  the  AFLC da t a  bank descr ib ing  
the  ATE resources .  A match would then provide 
a cos t  e f f e c t i v e  way of t e s t i n g  the  u n i t .  

RESOURCE ACCUMULATION 

The d a t a  flow a n a l y s i s  rou t ine  performs a 
depth f i r s t  search  of a flowgraph r ep resen t ing  
an ATLAS program. F igure  2 conta ins  examples of 
such a flowgraph. The nodes, which are c i r c l e s  
i n  t h e  flowgraph, r ep resen t  s t a r t i n g  po in t s ,  end 
po in t s ,  c o n t r o l  s t a t emen t s  such as cond i t iona l  
branches. d e s t i n a t i o n  po in t s ,  and o the r  re ference  
po in t s  i n  the  program. Path segments between 
each node and successor  node i n  the  flowgraph 
conta in  let ters which r ep resen t  resources  re- 
qui red  by the  ATLAS program. 

The da ta  flow a n a l y s i s  program can t r a v e r s e  
flowgraphs wi th  p a r a l l e l  t a sks  (Figure 2b) and 
loops (F igure  2c ) .  However, when a loop is  
de tec ted ,  t he  resources  requi red  are based on one 
t r a v e r s a l  of t h a t  loop. No a t tempt  is made t o  
determine the  number of times a loop i s  
executed. I n  some cases ,  a v a r i a b l e  which 
determines the  number of t i m e s  a loop is  
executed i s  not  known u n t i l  execution t i m e .  Two 
marking v a r i a b l e s  are used t o  d e t e c t  p a r a l l e l  
t a sks  and loops.  

No pa th  i n  the  flowgraph i s  t r ave r sed  more 
than once. The number of resources  requi red  by 
any s e c t i o n  of t he  flowgraph is  saved u n t i l  t he  
depth f i r s t  s ea rch  is  completed. This f e a t u r e  
prevents  any r e c a l c u l a t i o n  of resources  f o r  any 
s e c t i o n  of t h e  flowgraph which involves  p a r a l l e l  

FIGURE 2 

t a sks .  It a l s o  prevents  loops  from being 
t raversed  continuously.  

Any resources  which occur i n  the  flowgraph i n  
series are "added" and any resources  which occur 
i n  p a r a l l e l  are "or" ed.  For each node of t he  
flowgraph, t a b l e s  are used t o  c a l c u l a t e  t he  maxi- 
mum requi red  resources .  One t a b l e  c a l l e d  PATH- 
RES conta ins  resources  requi red  i n  a pa th  segment 
between a node and i ts  predecessor  node. Another 
t a b l e  c a l l e d  WORST-PATH con ta ins  the  maximum 
number of resources  encountered from a node 
through any of i t s  successor  pa ths .  Whenever 
PATH-RES> WORST-PATH, WORST-PATH is  made equal  t o  
PATH-RES. Both of these  t a b l e s  conta in  a 
sepa ra t e  row f o r  each type of resource .  For 
example, t he  number of DC POWER SUPPLIES are 
ca l cu la t ed  i n  a row sepa ra t e  from t h e  number of 
DC YOLTMETERS. F igure  3 shows an example flow- 
graph wi th  a sepa ra t e  set of t a b l e s  f o r  each node. 
The WORST-PATH t a b l e  loca t ed  a t  the  roo t  of t h e  
flowgraph conta ins  the  worst  case number of 
resources  requi red  by the  corresponding ATLAS 
program. 

FIGURE 3 
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DATA STRUCTURES 

A v a r i e t y  of d a t a  s t r u c t u r e s  perform t h e  
fol lowing func t ions :  

1. Save information about s ta tements  wh 
e f f e c t  resources .  

2. Detect  and d i s t i n g u i s h  between d i f f e  
k inds  of resources .  

ch 

e n t  

3 .  Hold d e t a i l e d  resource  s p e c i f i c a t i o n s .  

4 .  Show t h e  e f f e c t s  of ATLAS c o n t r o l  s t a t e -  
ments. 

F igure  4 shows t h e  d a t a  s t r u c t u r e s  which 
represent  t h e  flowgraph and resource  e f f e c t i n g  
s ta tements .  Each row i n  t h e  flowgraph t a b l e  
r e p r e s e n t s  a node i n  t h e  flowgraph. Included i n  
each row is  a l inked  list of e lements .  Each 
element represents  a p o s s i b l e  path t h a t  t h e  
program can take  from t h a t  node. This  l inked  
l i s t  al lows any node t o  have an unl imited 
number of p o s s i b l e  pa ths .  Each element i n  t h e  
l inked  l i s t  conta ins  a s e p a r a t e  f i e l d  f o r  t h e  
fol lowing i t e m s :  

1. The number of s ta tements  i n  t h e  pa th  
segment represented  by t h i s  element. 

2 .  A p o i n t e r  t o  t h e  represented  block of 
s ta tements  i n  t h e  statement t a b l e .  

3 .  A p o i n t e r  t o  the  son node i n  t h i s  pa th .  

4 .  A p o i n t e r  t o  t h e  next  element of t h e  
l inked  l i s t .  

Each block of s ta tements  i n  the  s ta tement  t a b l e  
r e p r e s e n t s  s ta tements  which a r e  loca ted  between 
node producing s ta tements  i n  a program. 

FL o WGRAPH L I N K  EO L I S T  JTATEM €NT 

FIGURE 4 

DETECTING AND DISTINGUISHING RESOURCES 

Resources are s p e c i f i e d  i n  ATLAS s ta tements  
by c e r t a i n  verbs ,  nouns, noun modi f ie rs ,  and 
s ta tement  c h a r a c t e r i s t i c s  and a r e  accessed 
through connector p i n s .  The fol lowing source  
code i s  an example of an ATLAS s ta tement  
involving a resource .  

100205 APPLY, DC SIGNAL, VOLTAGE 1.0V ERRLMT 
+ - O . l V ,  AC-COMP MAX low, CURRENT MAX 0.2AY 
CNX H I  J1-1 LO 51-2 $ 

Data s t r u c t u r e s  a r e  c rea ted  from t h e  ATLAS 
source  code by a p a r s e r  and a r e  used t o  d e t e c t  
and d i s t i n g u i s h  between resources .  I n  Figure 5 ,  
two d a t a  s t r u c t u r e s  c a l l e d  verb-noun a r r a y s  (a)  
and (b) a r e  c rea ted  from verbs such as APPLY and 
nouns such as DC SIGNAL. The verb and noun 
combination "APPLY, DC SIGNAL" s p e c i f i e s  t h a t  a 
s i g n a l  source is  requi red  and a DC POWER SUPPLY 
must genera te  t h a t  s i g n a l .  Therefore  t h e  resource  
requi red  by t h i s  example ATLAS statement  i s  a 
DC POWER SUPPLY. Verb-noun a r r a y  (a )  conta ins  
p o i n t e r s  t o  resource  names i n  a l ist  of s tandard  
resources .  Verb-noun a r r a y  (b) conta ins  p o i n t e r s  
t o  a resource  t a b l e .  This  resource  t a b l e  i s  t h e  
WORST-PATH resource  t a b l e  discussed above. A 
l inked  l i s t  column of t h e  resource  t a b l e  l i n k s  
toge ther  t h e  resources  which are determined by a 
verb-noun combination. 

STATE MEN1 
T A B L E  

c ? *  

Once a resource  e f f e c t i n g  s ta tement  i n  t h e  state- 
ment t a b l e  i s  reached during t h e  depth f i r s t  
search ,  t h e  fol lowing a c t i o n s  take  p l a c e .  The 
verb  and noun p o i n t e r s  i n  t h e  p r e s e n t  row of 
t h e  s ta tement  t a b l e  are used as i n d i c e s  t o  t h e  
verb-noun a r r a y  ( a ) .  The p o i n t e r  which is 
found i n  t h e  l o c a t i o n  designated by t h e  DC 
SIGNAL i s  used t o  l o c a t e  t h e  resource  name "DC 
POWER SUPPLY" a s s o c i a t e d  wi th  t h i s  verb-noun 
p a i r .  
element of verb-noun a r r a y  ( b ) ,  then  a p o i n t e r  
t o  "DC POWER SUPPLY" i n  t h e  l i s t  of s tandard  
resources  t a b l e  l o c a t i o n  is  i n s e r t e d  i n t o  t h e  
corresponding verb-noun a r r a y  ( b ) .  I n  t h i s  
case ,  t h i s  is  t h e  f i r s t  t i m e  t h a t  t h i s  resource  
has  been used. However, i f  t h i s  is  n o t  t h e  
f i r s t  use  of t h i s  resource ,  then a l inked  l i s t  
of resources  which have been re ferenced  by t h i s  
verb-noun p a i r  must be searched.  This  search  
is  requi red  t o  d i s t i n g u i s h  t h i s  resource  from 
o t h e r  resources  i n  g r e a t e r  d e t a i l .  Other d a t a  
s t r u c t u r e s  need t o  be accessed before  t h i s  
g r e a t e r  d e t a i l  i s  found. 

I f  a p o i n t e r  is absent  i n  t h e  corresponding 
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USING DETAILED RESOURCE SPECIFICATIONS 

Addit ional  por t ions  of t h e  above ATLAS s t a t e -  
ment give information on the  s p e c i f i c a t i o n s  of 
t h e  dc power supply. "VOLTAGE 1OV" means t h a t  
10 v o l t s  is  requi red  from t h e  dc power supply. 
"ERIU,MT + - 0.1V" means t h a t  t h i s  10 v o l t s  
must be  accura te  t o  wi th in  p l u s  o r  minus 0 . 1  
v o l t s .  The word "VOLTAGE" is  a noun modi f ie r .  
The symbol 1 O V  wi th  ERRLMT + - 0.1V is  a 
c h a r a c t e r i s t i c  of t h a t  noun modif ier  and i s  
c a l l e d  a s ta tement  c h a r a c t e r i s t i c .  Figure 6 
shows t h a t  t h e  d a t a  s t r u c t u r e s  which conta in  
noun modif ier  and s ta tement  c h a r a c t e r i s t i c  
information.  Other noun modi f ie rs  wi th  t h e i r  
s ta tement  c h a r a c t e r i s t i c s  from t h e  above ATLAS 
statement  inc lude  AC-COMP MAX lOMV and CURRENT 
MAX 0.2A. This  means t h a t  t h e  power supply 
should have an AC component no g r e a t e r  than 10 
m i l l i v o l t s  and be a b l e  t o  supply a maximum 
c u r r e n t  of 0.2 amps. These noun modi f ie rs  and 
corresponding s ta tement  c h a r a c t e r i s t i c s  are 
i n s e r t e d  i n t o  t h e  d a t a  s t r u c t u r e s  i n  Figure 6 
by the  parser .  A symbol t a b l e  conta ins  t h e  
numerical va lues  of t h e  s ta tement  c h a r a c t e r i s -  
t ics.  This i s  done t o  account f o r  t h e  ex tens ive  
d i v e r s i t y  of d a t a  types allowed i n  ATLAS. 

STANDARD NOUN M O D l F l f n  
W N  MaOWlERS L ~ N M E D  LIST 

SYMBOL TABLE 

REMEMBERING WHERE RESOURCES ARE CONNECTED 

From t h e  above example, t h e  phrase CNX H I  
J1-1 LO 51-2 means t h i s  resource is  t o  be 
connected t o  p i n s  1 and 2 of connectors J1. The 
p o s i t i v e  l e a d  (HI) is  connected t o  p i n  1 and 
t h e  nega t ive  o r  n e u t r a l  l e a d  is connected t o  
p i n  2. I n  order  t o  keep t r a c k  of what resources  
are connected t o  what connector p i n s  a t  any 
p o i n t  i n  t h e  program, t h e  d a t a  s t r u c t u r e s  i n  
Figure 7 are used. A connector  mat r ix  conta ins  
p o i n t e r s  t o  resources  which are connected t~ 
connector p a i r s  represented  by the  connector 

matr ix .  A column i n  the  resource t a b l e  conta ins  
a l inked  l i s t  of resources  f o r  each connector p in  
i n  the  connector mat r ix  which has  a connected 
resource .  A p o i n t e r  i n s e r t e d  i n t o  t h e  connector 
mat r ix  is the  r e s u l t  of t h e  above example. 

FIGURE 7 

The above da ta  s t r u c t u r e s  are only a p o r t i o n  
of s e v e r a l  d a t a  s t r u c t u r e s  used by t h e  resource  
a l l o c a t i o n  ana lyzer .  However, t h e  i n t e n t  of t h i s  
paper i s  t o  show enough d a t a  s t r u c t u r e s  t o  
i l l u s t r a t e  t h e  approach taken i n  f ind ing  t h e  
worst  case number of resources  requi red  by an 
ATLAS program. 

THE PARSER 

A p a r s e r  reads  the  ATLAS source program and 

This p a r s e r  is  
f u r n i s h e s  t h e  d a t a  s t r u c t u r e s  t o  be  used i n  
f i n d i n g  t h e  requi red  resources .  
based on an LL (1) grammar which descr ibes  enough 
of t h e  ATLAS language t o  provide the  da t a  s t ruc -  
t u r e s  needed f o r  f ind ing  resources .  An LL (1) 
tester is designed t o  tes t  t h e  grammar f o r  LL (1) 
by f ind ing  i t s  s e l e c t i o n  sets and showing t h a t  
they are d i s j o i n t .  The grammar and s e l e c t i o n  
sets are used t o  design a pushdown machine f o r  
t h e  p a r s e r .  

It is  intended t h a t  t h e  resource  a l l o c a t i o n  
ana lyzer  w i l l  be  w r i t t e n  i n  Pasca l  and w i l l  
r e s i d e  i n i t i a l l y  on t h e  CDC6600/Cyber 73. 
Standard PASCAL w i l l  be used t o  permit  increased 
t r a n s p o r t a b i l i t y .  The program w i l l  be a v a i l a b l e  
f o r  t h e  use  of any government cont rac tor  
developing test  programs i n  ATLAS. 
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