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ABSTRACT 

C o m p u t e r - c o n t r o l l e d  h a r d w a r e  t e s t -  
ing c a n  be a c c o m p l i s h e d  s a f e l y ,  d e p e n d a b l y ,  
and e c o n o m i c a l l y  w i th  the  f o u r - p h a s e  p l an  
p r e s e n t e d  in  t h i s  p a p e r .  The four  p h a s e s  a re  
p roduc t  d e s i g n ,  p roduc t  t e s t e r s ,  t e s t e r  p ro -  
g r a m m i n g ,  and  da ta  ou t pu t .  U s e f u l n e s s  of  
t he  p l an  i n c r e a s e s  i f  the  d e s i g n e r ,  p r o g r a m -  
mer ,  and m a n a g e m e n t  u n d e r s t a n d  e a c h  o t h e r s  
p r o b l e m s  and do an  a d e q u a t e  job  of  c o m m u n i -  
c a t i n g .  

I I I -I I I 
THEN 

INTRODUCTION 

For many  y e a r s  w h e n e v e r  a d e s i g n e r  
had an  i dea  for  a n e w  p r o d u c t ,  he  would  
bu i ld  a h a r d w a r e  mode l  and  t ry  i t  ou t .  If  
the  model  w o r k e d ,  f ine ;  i f  i t  d i d n ' t ,  he  w e n t  
b a c k  to  the  d rawing  boa rd  and  t r i ed  a g a i n .  

R e c e n t l y ,  c o m p u t e r s  h a v e  b e e n  u s e d  
by  d e s i g n e r s  to  p roduce  s a f e r  and  more d e -  
p e n d a b l e  and e c o n o m i c a l  m e t h o d s  for  d e s i g n -  
ing and t e s t i n g  t he i r  i d e a s .  F igure  1 s h o w s  
a c o m p a r i s o n  of t h i s  method  wi th  the  p r a c -  
t i c e  f o l l owed  in the  p a s t .  

The method  d e s c r i b e d  in  t h i s  p a p e r  
i s  one  w a y  a d e s i g n e r  may u t i l i z e  the  c o m -  
pu t e r .  Known a s  the  f o u r - p h a s e  p l a n ,  i t  
i n v o l v e s :  (1) p roduc t  d e s i g n ,  (2) p roduc t  
t e s t e r s ,  (3) t e s t e r  p r o g r a m m i n g ,  and (4) da t a  
o u t p u t .  

C o m m u n i c a t i o n  r a n k s  a s  the  m o s t  
i m p o r t a n t  e f fo r t  in  the  f o u r - p h a s e  p l an .  
M a n a g e m e n t ,  d e s i g n e r s ,  and  p r o g r a m m e r s  
mus t  work  t o g e t h e r .  They  mus t  u n d e r s t a n d  
e a c h  o t h e r s  p r o b l e m s  and d e f i n e  the  
e x p e c t e d  g o a l s .  They  m u s t  d o c u m e n t  and  
communicate. 

NOW 

Fig .  1 C o m p a r i s o n  of m e t h o d s  in 
d e s i g n i n g  p r o d u c t s .  

A d e s c r i p t i o n  of  the  f o u r - p h a s e  p lan  
i s  p r e s e n t e d  in  the  s u b s e q u e n t  s e c t i o n .  
Fo l lowing  th i s  i s  an  e x a m p l e  of  how the  p l an  
c a n  be  a p p l i e d .  

DESCRIPTION OF THE FOUR-PHASE PLAN 

The f i r s t  p h a s e  of  the  f o u r - p h a s e  
p l a n  d e a l s  wi th  the  d e s i g n  of  the  p r o d u c t .  
H e r e ,  the  d e s i g n e r  and  p r o g r a m m e r  f i t  the  
d e s i g n  to  a s i m u l a t o r .  In the  s e c o n d  p h a s e ,  
the  p roduc t  t e s t e r  i s  d e s i g n e d ,  d e b u g g e d  
and  i n s t a l l e d .  In the  th i rd  p h a s e ,  the  
d e s i g n e r  d e f i n e s  the  t e s t  of  h i s  p roduc t  and 
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the programmer  wr i t e s  the  t e s t i n g  programs 
for the  p r o c e s s - c o n t r o l  c o m p u t e r s .  The t e s t  
r e s u l t s  are de f ined  and ed i ted  in p h a s e  four .  

Phase  I - -  Produc t  D e s i g n  

A d e s i g n e r  b e g i n s  by p lann ing  the  
new produc t  and i t s  t e s t  env i ronmen t .  W h e n  
he has  a p lan ,  he b r ings  in  t e s t  p e r s o n n e l  
and the  programmer  to de te rmine  the  b e s t  
method for p roduc ing  a w e l l - t e s t e d  p roduc t .  

The d e s i g n e r  d e f i n e s  al l  or a por t ion  
of h i s  p roduc t  to be p r o c e s s e d  by a s imu la to r .  
Depend ing  on the  a p p l i c a t i o n ,  an  e x i s t i n g  
s imu la to r  i s  u s e d  or one  t a i l o r ed  to  the  t a s k  
may be wr i t t en .  

The s imula to r  performs four  b a s i c  
f u n c t i o n s .  These  are  d e s i g n  v e r i f i c a t i o n ,  
l og i c  d i a g n o s t i c s ,  input  for p roduc t  t e s t i n g ,  
and t e s t  d i a g n o s t i c s .  Expe r i ence  ha s  shown 
tha t  mos t  s imu la to r s  are  good for ve r i fy ing  
d e s i g n s .  H o w e v e r ,  mos t  are w e a k  in the  
l og i c  d i a g n o s t i c  a rea  and the c a p a b i l i t y  of 
a u t o m a t i c  g e n e r a t i o n  of t e s t  da ta  and t e s t  
d i a g n o s t i c s .  

Logic  and t e s t  d i a g n o s t i c s  i nc lude  
fau l t  s imu la t i on  where  a bug is  c r e a t e d  and 
the  r e s u l t s  o b s e r v e d .  O s c i l l a t i o n  or log ic  
b r e a k d o w n  proh ib i t s  fur ther  s i m u l a t i o n  a f t e r  
be ing  r e c o r d e d .  This  t ype  of i n fo rma t ion  is  
of v a l u e  w h e n  t e s t i n g  the  p roduc t  and a l s o  
for  d i a g n o s t i c s  when  the  p roduc t  i s  in the  
f i e ld .  

T e s t - d a t a  g e n e r a t i o n  s a v e s  the  t ime 
of  d e s i g n e r  and programmer  when  the  pro-  
duc t  is  r eady  to t e s t .  The inpu t  to the  
t e s t e r s  c an  be c a r d s ,  t ape  or d i s k  f i l e s .  
Disk  f i le  c o m m u n i c a t i o n  is  the mos t  d i r e c t  
for t e s t e r s ,  p r o c e s s  c o n t r o l l e r s ,  and large  
c o m p u t e r s .  Tape input  is  the  mos t  w i d e l y  
a c c e p t e d  a l though  t a p e s  do ge t  los t  or 
d e s t r o y e d .  Card  inpu t  i s  the  l e a s t  d e s i r -  
a b l e .  Cards  p r e s e n t  s t o r age  p rob lems  and 
are  more s u s c e p t i b l e  to  d a m a g e ,  rnixup and 
l o s s .  

A g r aph i c  d i s p l a y  d e v i c e  is  a v a l u -  
ab le  too l  for the  d e s i g n e r .  Wi th  it  he can  
make t empora ry  c h a n g e s  r ight  on the f ace  of 
the  tube  and them run th rough  a par t ia l  or 
whole  s i m u l a t i o n .  He can  ge t  hard c o p y  of 

h is  d e s i g n  to u se  as  d o c u m e n t a t i o n .  Hard 
copy  may be pr inter  or p lo t t e r  ou tpu t .  

Figure  2 s h o w s  a g e n e r a l  s imu la to r .  
This i s  how it  may be u s e d  for an  i n t e g r a t e d  
c i r cu i t  ch ip  or module  of ch ip s :  The log ic  
is  de f ined  and t e s t e d  for a c c u r a c y .  All 
b l o c k s  wi thou t  i n p u t / o u t p u t  and al l  ne t s  
not  t i ed  down are l i s t e d  on the  pr in te r .  A 
sample  t e s t  i s  app l i ed  and a l l  l o g i c - b l o c k  
u s a g e  and swi t ch ing  dur ing s i m u l a t i o n  are 
no ted .  Any ne t s  or  b l o c k s  not  u s e d  or 
s w i t c h e d  are pr in ted  upon  r e q u e s t .  All 
r edundan t  i npu t s  are  l i s t e d .  If  the  ou tpu t  
pa t t e rn  is  g i v e n ,  e a c h  ou tpu t  i s  compared  
and d i s c r e p a n c i e s  p r in ted .  The d e s i g n e r  
may r e q u e s t  the  s t a t u s  of  a l l  l o g i c  un i t s  at  
t ime of  m i s c o m p a r e .  The s i m u l a t o r ,  on 
r e q u e s t ,  wi l l  p roduce  the  i npu t s  for future 
t e s t i n g .  
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Fig .  2 A gene ra l  s i m u l a t o r .  

The i d e a l  s imu la to r  is  l imi ted  only  
by the  compute r  on w h i c h  it  i s  run,  S imu-  
la to rs  t ha t  are  i n d e p e n d e n t  of the  t e c h n o l o g y  
can  be u s e d  by many people  dur ing al l  s t a g e s  
of  d e s i g n .  

P h a s e  II - -  P roduc t  T e s t e r  

During the  d e s i g n  of a new p roduc t ,  
the t e s t e r  is  a l s o  d e s i g n e d  and bu i l t .  The 
t e s t e r  and p roduc t  de te rmine  the format  of  
the  ou tpu t  da ta  r equ i red  from the  s imu la to r .  

368 



W h i l e  t he  t e s t e r  i s  b e i n g  b u i l t ,  d i a g n o s t i c  
p r o g r a m s  are  w r i t t e n  to  e x e r c i s e  e a c h  p h a s e  
of c o n s t r u c t i o n .  D i a g n o s t i c  p rog rams  a re  
a l s o  w r i t t e n  to  c h e c k  and  h e l p  m a i n t a i n  the  
t e s t e r .  

Some a r e a s  for  such  d i a g n o s t i c  p r o -  
g r a m s  a re  w i r i n g ,  m e c h a n i c s ,  and  t e s t e r /  
c o m p u t e r  c o m m u n i c a t i o n .  All v o l t a g e s  c o n -  
t r o l l e d  or mon i to r ed  by  the  c o m p u t e r  s h o u l d  
be p h y s i c a l l y  v e r i f i e d .  All moving  p a r t s  of  
the  t e s t e r  s h o u l d  h a v e  e x e r c i s e  p rog rams  
to  v e r i f y  a c c u r a c y  of  the  m o v e m e n t .  T e s t e r /  
c o m p u t e r  c o m m u n i c a t i o n  s u c h  a s  d i g i t a l  and  
a n a l o g  I / O  s h o u l d  h a v e  d i a g n o s t i c  p r o g r a m s .  
T h e s e  p rog rams  a re  v a l u a b l e  du r ing  c o n s t r u c -  
t i o n  of t he  t e s t e r ,  a s  w e l l  a s  p r e v e n t a t i v e  

• m a i n t e n a n c e  p r o g r a m s  or t e s t e r  f a i l u r e  d i a g -  
n o s t i c s  to  be  run when  the  p r o d u c t  i s  b e i n g  
t e s t e d .  

A l w a y s ,  t he  t e s t e r  mus t  h a v e  b u i l t -  
in  i n t e r l o c k s  and i m m e d i a t e  m a n u a l  c o n t r o l  
to  p r e v e n t  d a m a g e  t h a t  may be  c a u s e d  by  
m a l f u n c t i o n i n g  h a r d w a r e  or s o f t w a r e .  

P h a s e  III  - -  T e s t e r  Proqramminq 

T e s t e r  p r o g r a m s  a re  d e f i n e d  by  the  
d e s i g n e r .  There  a re  s e v e r a l  m o d e s  of t e s t -  
i n g .  One i s  t he  g o / n o  go  mode for  p r o d u c -  
t i on  t e s t i n g  w h i c h  t e r m i n a t e s  t he  t e s t  when  
the  f i r s t  e r ror  i s  e n c o u n t e r e d .  Another  i s  
a f a i l u r e  o u t p u t  m o d e ,  t h a t  i s ,  when  a l l  
f a i l u r e s  a re  r e c o r d e d  and t e s t i n g  i s  c o n -  
t i n u e d  to  end of t e s t .  C h e c k  p o i n t s  may be 
i n s e r t e d  to  s t o p  the  t e s t  i f  some  number  of 
f a i l u r e s  o c c u r s .  This  p r e v e n t s  v o l u m e s  of  
u s e l e s s  d a t a  b e i n g  p r i n t ed  in  c a s e  of  s e v e r e  
f a i l u r e .  

Some p r o d u c t s  l end  t h e m s e l v e s  to  
f a i l u r e  d i a g n o s t i c s  w h i l e  o t h e r s  do no t .  A 
f a i l u r e  d i a g n o s t i c  mode c a n  be u s e f u l  for  
d e t e r m i n i n g  r e a s o n s  for  f a i l u r e s .  

One of the most common diagnostics 
is the "loop on error" or "stop on error" test. 
This allows an engineer to probe, scope, or 
otherwise visually check existing conditions 
to determine the cause of the error. 

Anothe r  p o s s i b i l i t y  i s  to  run a s i m u -  
l a t o r  in  p a r a l l e l  w i th  the  t e s t .  O f t e n  an  
e r ro r  i s  a r e s u l t  of  a c o n d i t i o n  t h a t  h a p p e n e d  

several time elements prior to recognition. 
All conditions are compared at each point 
in time and miscompares are printed. 

The p rog rammer  s h o u l d  be  a w a r e  of 
h a z a r d o u s  c o n d i t i o n s  of  t e s t  e q u i p m e n t .  
P rog rams  s h o u l d  c o n t i n u a l l y  m on i t o r  v o l t -  
a g e s ,  l i q u i d  f l o w s  and  m e c h a n i c a l  o p e r a -  
t i o n s  dur ing  the  t e s t .  Any c o n d i t i o n  not  
m e e t i n g  s p e c i f i c a t i o n  s h o u l d  c a u s e  an  
i m m e d i a t e  h a l t  t o  t he  t e s t  and  s h u t - o f f  of  
a l l  s w i t c h e s  and v a l v e s .  The r e a s o n  for  
such  a h a l t  i s  p r i n t e d  a f t e r  a p p r o p r i a t e  
a c t i o n  h a s  b e e n  t a k e n .  

P h a s e  IV - -  D a t a  O u t p u t  

All of the foregoing efforts are use- 
less if the output is unusable. Data reduc- 
tion and report generation is one of the most 
important areas of designer/programmer 
communication. Histories of performance 
serve as valuable aids in spotting trends. 
Performance plots provide a good means for 
maintaining long range activity and are rela- 
tively simple to program and support. 

T e s t  p r i n t o u t s  a re  mos t  u s e f u l  w h e n  
b r i e f .  D i a g n o s t i c  o u t p u t s  v a r y  a c c o r d i n g  to  
t y p e .  M o s t  c a n  be b r i e f  w i th  t he  o p t i o n  
r e m a i n i n g  for  fu l l  s t a t u s  p r i n t o u t  w h i c h  may 
b e c o m e  q u i t e  e x t e n s i v e .  

APPLICATION OF THE FOUR-PHASE PLAN 

As mentioned earlier, in applying the 
four-phase plan, a designer first conceives 
the new product and then determines its 
test environment. The make-up of such an 
environment is shown in Figure 3. Block (a) 
consists of computer-controlled testers and 
tables, (b) the process controller for block 
(a) and immediate reports, and (c) the large 
systems for design simulation and handling 
data reduction programs used for record 
keeping. 

Diaqnostics 

As the  t e s t e r s  and  r e w o r k  t a b l e s  a re  
i n s t a l l e d ,  e a c h  i n s t a l l a t i o n  s t e p  i s  c h e c k e d  
out  by d i a g n o s t i c  p r o g r a m s .  Some of t h e s e  
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(a) COMPUTER - CONTROLLED TESTERS AND TABLES 

CHIP TESTER MODULE TESTER CARD TESTER 
BOARD TESTER LASER TESTER REWORK TABLES 

(b) 1800 PROCESSOR -CONTROLLER 

1810 DISK DRIVES 
2401 TAPE DRIVES 
DIGITAL AND ANALOG I/O 

(c) OS 360/75 

2250 CRT 
" 2741 COMMUNICATIONS TERMINAL 

2311 DISK (SHARED WITH 1800) 

F i g .  3 An e x a m p l e  of a t e s t  c e n t e r .  

d i a g n o s t i c  p r o g r a m s  a r e  u s a b l e  b y  a l l  o n -  
l i n e  u n i t s .  For  i n s t a n c e ,  a g e n e r a l  p rog r a m 
to  s e t  a n d  r e a d  s p e c i f i e d  v o l t a g e  l e v e l s ,  
a n o t h e r  to  o p e n  and  c l o s e  r e l a y s  a n d  m e a -  
s u r e  c u r r e n t .  For  t he  t e s t e r s  t h a t  u s e  a 
l i q u i d ,  t h e r e  i s  a d i a g n o s t i c  to  m e a s u r e  f l o w  
a n d  l e v e l s .  The t e s t e r s  w i t h  m o v i n g  p a r t s  
h a v e  d i a g n o s t i c s  t o  e x e r c i s e  t h e  m o v e m e n t s ,  
s u c h  a s  a p robe  or  f i l t e r  r o t a t i o n ,  arm 
p l a c e m e n t s ,  e t c .  

Some  t y p i c a l  d i a g n o s t i c  r o u t i n e s  a r e  
d e s c r i b e d  for  t h r e e  of t h e  t e s t e r s  i n  F i g u r e  3 .  
T h e s e  a re  t h e  c h i p  t e s t e r ,  m o d u l e  t e s t e r ,  
a n d  l a s e r  t e s t e r .  

C h i p  T e s t e r  

• R e l a y s  - -  S p e c i f i c  r e l a y s  a r e  o p e n e d  
a n d  c l o s e d .  R e a d i n g s  a r e  t a k e n  to  v e r i f y  
t h e  o p e r a t i o n .  

• A n a l o g  i n p u t  - -  S p e c i f i c  i n p u t s  a r e  r e a d  
e i t h e r  o n c e  and  p r i n t e d  or  a t h o u s a n d  t i m e s  
a n d  a d i s t r i b u t i o n  p r i n t e d .  

• R e s i s t a n c e  - -  A s p e c i f i c  v o l t a g e  i s  s e t  
a n d  t o t a l  r e s i s t a n c e  i s  c a l c u l a t e d  a n d  c o m -  
p a r e d  to  a m a x i m u m .  

• P o w e r  s u p p l y  c o n t r o l  - -  A v o l t a g e  i s  s e t  
to  a g i v e  v o l t a g e  a n d  t h e  a n a l o g  i n p u t  i s  
r e a d  o n e  h u n d r e d  t i m e s .  The  a v e r a g e  a n d  
d e v i a t i o n  i s  p r i n t e d .  

C h i p  p a r a m e t e r s  a r e  s t o r e d  i n  t a b l e s  to  
m a i n t a i n  f l e x i b i l i t y  of l i m i t s  a n d  c h i p  t y p e s .  
S o c k e t s  a r e  c h e c k e d  a n d  t e s t s  p e r f o r m e d .  
All  d a t a  i s  h e l d  for  l a t e r  o u t p u t .  I n d i c a t o r  
l i g h t s  on  t h e  t e s t e r  i n d i c a t e  a " p a s s "  or 
" f a i l "  c o n d i t i o n .  

M o d u l e  t e s t e r  

• I / O  l i n e s  - -  C h e c k  DC l e v e l s ,  t r a n s i -  
t i o n  t i m e  a n d  r e l a t i v e  d e l a y .  

• C o o l a n t  t e m p e r a t u r e  - -  A l l ow  t h e  t e m -  
p e r a t u r e  to  r i s e  a n d  v e r i f y  t e s t e r  s h u t  off  
w h e n  t e m p e r a t u r e s  r e a c h e s  a m a x i m u m .  

• P robe  o p e r a t i o n  - -  M o v e  p r o b e  to  a 
s p e c i f i e d  p o i n t  a n d  v e r i f y  a c c u r a c y  of m o v e .  

• P ow e r  s u p p l y  - -  s i m i l a r  to  c h i p  t e s t e r .  

L a s e r  t e s t e r  

• C u r r e n t  - -  The  c u r r e n t  i s  t u r n e d  o n  w i t h  
m i n i m u m  r e s i s t a n c e  a n d  t h e  s y s t e m  c o m e s  to  
a p a u s e .  The c u r r e n t  i s  m a n u a l l y  r e a d  a n d  
v e r i f i e d .  R e s i s t a n c e  i s  i n c r e a s e d  u n t i l  t h e  
m a x i m u m ,  p a u s i n g  a t  e a c h  s t e p  for  v e r i f i c a -  
t i o n  • 

• M o t o r s  - -  E a c h  mo t o r  i s  s e n t  t h e  n u m b e r  
of  p u l s e s  t o  m o v e  t h e  m e c h a n i s m  a g i v e n  
d i s t a n c e .  The d i s t a n c e  i s  m a n u a l l y  m e a -  
s u r e d .  

• S w i t c h e s  - -  The  s w i t c h  for  e a c h  l a s e r  
i s  t u r n e d  o n  a n d  t h e  s y s t e m  p a u s e s  for  a 
m a n u a l  c h e c k .  The s w i t c h  i s  t h e n  t u r n e d  
o f f .  a n d  t h e  s t e p  i s  r e p e a t e d  for  a l l  s w i t c h e s .  

, L i m i t  s w i t c h e s  - -  The  l i m i t  s w i t c h  
i n p u t  i s  r e a d  a n d  p r i n t e d .  W h e n  t h e  l i m i t  
s w i t c h  i s  a c t i v a t e d  t h e  p r i n t  o u t  c h a n g e s .  

The  l a s e r  t e s t e r  i s  a l a s e r  l i f e  t e s t  
o p e r a t i o n .  I t  i s  r u n  24 h o u r s  a d a y  w i t h  a 
u n i t  t e s t  p e r f o r m e d  o n c e  a d a y ,  i n  t h e  e a r l y  
m o r n i n g  h o u r s .  The  u n i t  t e s t  i s  a m e a s u r e -  
m e n t  of e a c h  l a s e r  o u t p u t .  A s o l a r  c e l l  i s  
r o t a t e d  180 d e g r e e s  i n  9 - d e g r e e  i n c r e m e n t s ,  
a n d  t h e  l a s e r  o u t p u t  a t  s e v e r a l  l e v e l s  i s  
r e a d .  All d a t a  i s  r e c o r d e d  o n  t a p e  to  be  
s o r t e d  a n d  r e d u c e d  l a t e r  i n  t h e  d a y  o n  
a n o t h e r  c o m p u t e r .  E v e r y  m i n u t e  d u r i n g  t h e  

370 



2 4 - h o u r  pe r iod ,  the t e s t e r  i s  o p e r a t i o n a l l y  
moni tored  by the  p r o c e s s  cont ro l  c o m p u t e r s .  
Any cond i t i on  not  meet ing  s p e c i f i c a t i o n s  
c a u s e s  a s h u t - o f f  and the  v a l u e s  are pr inted 
a long  wi th  t ime of  d a y .  

Tes t e r  Deve lopm en t  and Programming 

During th i s  t ime the  programmer  works  
on the a c t u a l  t e s t  program.  He  d e b u g s  e a c h  
por t ion l o g i c a l l y  wi th  dummy data  if  n e c e s -  
s a r y .  Also ,  he wr i t e s  a s e r i e s  of  debug 
t e s t s  to c h e c k  out the r e s u l t s  of  m o d i f i c a -  
t i ons  as  the de f in i t i on  is  modi f i ed .  The 
programmer  c o n t / n u a l l y  d o c u m e n t s  and wr i t e s  
ope ra t ing  p rocedu re s  so  o the r s  may u se  the  
programs with a minimum amount  of t r a i n i n g .  

A dummy product of known values is 
available for all types of test equipment. 
When a programming change is made, the 
complete test is rerun to verify that the 
change solves the problem and does not 
create a new one. 

This p rocedure  i s  u se fu l  a l s o  when  
the a c c u r a c y  of  the s y s t e m  is  ques t i oned .  

Data  Output  

Daily reports for the laser unit test 
(Fig. 3) indicate which laser has failed or 
revived during the last 24 hours. The out- 
put tape from the 1800 is taken to the 360 
for data reduction. Data is packed and the 
information is averaged for a two-day period. 
Once a week a performance plot is printed. 

Other testers keep a log of part 
numbers and a pass or fail condition. The 
program will upon request print the full 
status or failure conditions for any part 
number. 

t hey  are  i n v o l v e d  wi th  t e s t e r  programming 
and ,  f i n a l l y ,  in  the  fourth p h a s e  they  are  
c o n c e r n e d  wi th  da ta  output  and record  k e e p -  
i ng .  

If  the  people  i n v o l v e d  have  worked  
t o g e t h e r ,  the  f low from p h a s e  one to p h a s e  
four  i s  smooth  and i n t eg ra t ed  a s  p ic tured  
in  Fig.  4a .  O t h e r w i s e ,  the  t e s t  c e n t e r  
effort  i s  d i s j o i n t e d  as  i l l u s t r a t e d  by Fig.  4b,  
o f t en  wi th  c h a o t i c  r e s u l t s .  

D E S I G N  

. Jl I TESTER 
i 

I I P R O G R A M M I N G  I I 
I I OUTPUT 

I 

(a) B E S T  R E S U L T S  

D E S I G N  T E S T E R  

P R O G R A M M I N G  

-I 
(b) LESS THAN BEST RESULTS 

Fig .  4 Resu l t s  of d e s i g n  e f for t s  b a s e d  on 
the  q u a l i t y  of c o m m u n i c a t i o n  and c o - o p e r a -  
t i on  b e t w e e n  the  d e s i g n e r  and his  c o - w o r k e r s .  

SUMMARY AND CONCLUSIONS 

The f o u r - p h a s e  p lan  p r e s e n t e d  in th i s  
paper  of fers  a s a f e ,  d e p e n d a b l e ,  and e c o -  
nomica l  method for d e s i g n i n g  and t e s t i n g  
i d e a s .  In the  f i rs t  p h a s e ,  the  d e s i g n e r  and 
programmer  work t o g e t h e r  f i t t ing  the  de s ign  
to a s imula to r .  In the s e c o n d  p h a s e ,  t h e y  
d e s i g n  and i n s t a l l  the produc t  t e s t e r .  Nex t ,  

M o s t  d e s i g n  e n g i n e e r s  are fami l ia r  
with h i g h - l e v e l  programming l a n g u a g e s .  A 
programmer should  use  t h e s e  l a n g u a g e s  so 
the  e n g i n e e r  may fo l low the  so f tware  p r o g r e s s .  
When  the d e s i g n e r / p r o g r a m m e r  c o m m u n i c a -  
t ion  l eve l  i s  s a t i s f a c t o r y ,  then  the p rogram-  
mer should  rewri te  a n d / o r  con t inue  p rogram-  
ming ,  us ing  the a s s e m b l e r  l eve l  l a n g u a g e .  
The r e a s o n  for th i s  i s  tha t  mos t  p r o c e s s  c o n -  
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trol computers are short on core storage and 
efficient use of available storage is man- 
datory. When the programmer presents well- 
documented and tested routines for the 
designer's use, the high-level step may be 
passed. 

Good communication during all phases 
of test center operation will appreciably 
lessen the possibility of accidents, tester 
and/or program failures. GOOD COMMUNI- 
CATION INCREASES THE USEFULNESS OF 
TEST CENTERS. 
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