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1. THE BACKGROUND 

1.1 The Environmental  and Personne l  Setting 

The t ime was late 1958. Computers that those who were 
involved with the f i r s t  JOVIAL projec t  had been using 
included the JOHNNIAC (built at Rand Corporation), the 
IBM AN/FSQ-7 (for SAGE), 701, and 704. A few had 
worked with board wired calculators .  Some had never  
programmed.  For  those using IBM, the 709 was the 
cur ren t  machine. There  were various other manufactur-  
e r s  at the t ime,  some of whom do not exist  today as 
computer  manufacturers .  

The vacuum tube was st i l l  in vogue, Very large  memo-  
r ies ,  e i ther  high speed d i rec t  access  or  per ipheral  
s torage,  didn't  exist ,  except for magnetic tape and 
drums on some computers.  

The f i r s t  la rge  scale sys tem which was built  and main-  
tained by thousands of people was in the process  of being 
installed af ter  a considerable amount of effort,  expense, 
and technological innovation. Called SAGE, it  was a 
la rge  r ea l - t ime  system (very la rge  by 1958 standards). 
It had, among other  things, an interest ing and very  val-  
uable (even by today's standards) utility sys tem for 
ass is t ing in development. This included the Communi- 
cation Pool. The Comm Pool ' s  purpose was to permi t  
the sharing of System Data among many programs  by 
providing a centra l ized data descript ion.  P rog ramming  
for  SAGE had been done in machine language, as was 
almost  all p rogramming up to that t ime. 

FORTRAN existed and had been in use for  a few years ,  
but use of higher level  languages wasn' t  near ly  as com-  
mon as the use of such languages today. Certainly the 
major i ty  of people involved in compi le r  efforts at that 
t ime,  and in par t icu lar  the initial JOVIAL language 
development and compi ler  effort,  had a lmost  no expe- 
r ience  with such act ivi t ies .  I had had experience with 
the language and compi ler  called PACT (Project  for 
Automatic Coding Techniques) which was developed and 
descr ibed in 1954-1955 (Melahn 1956). But actually this 
experience,  largely because of the nature of that lan-  
guage and the computer the f i r s t  vers ion ran on (the 
IBM 701), was not par t icular ly  valuable for the develop- 
ment of languages in the ALGOL class .  

One of the significant things that got the JOVIAL lan- 
guage and compi le r  work s tar ted was an a r t ic le  on 
Express ion  Analysis that appeared in the 1958 ACM 
Communications (Wolpe 1958). The fact that this was 
actually quite a revelat ion to us at that t ime seems 
in teres t ing  now. Since that day, of course ,  there  have 
been many developments in the pars ing of mathematical  
and logical expressions .  However,  that a r t i c le  was the 
f i r s t  exposure many of us had to the subject. Some of 
us who had just  finished work on some other projects  
(including SAGE) began experimentat ion with the p roc-  
ess ing of complex express ions  to produce an in te rme-  
diate language utilizing the techniques descr ibed.  There  
was no compi le r  language at the t ime in our plans, but 
the idea of being able to understand and parse  complex 
express ions  in i t se l f  was of sufficient in te res t  to moti-  
vate our efforts .  

Another ar t ic le  which was to have great  influence on our 
future development was also published in the ACM Com- 
munications in 1958. This was the descr ipt ion of what 
was then called the International Algebraic  Language 
(IAL, l a te r  called ALGOL), which had been defined by 
what became (and for the most  par t  had been) an 
es teemed group of computer  people (Per l is  and 
Samuelson 1958). 

1.2 The Economic and Situation Stimulus 

JOVIAL real ly  got its beginning because of the launching 
by the Air  Force  of another la rge  system. This one 
followed SAGE and it  was called the SACCS System. 
SACCS was to be developed from scratch.  This meant 
new computers ,  a new system,  new programming tech-  
niques, and a new operating (executive) system. All of 
these had to be developed before the operational p ro-  
g ram could be developed. The main computer  was the 
IBM AN/FSQ-31.  Other Communications Computers 
(built by ITT) were also utilized. 

1.3 The Technical  Base for JOVIAL 

The two major  influences on the language of JOVIAL 
were,  f i r s t ,  the International Algebraic Language, 
which served as the language archi tec tura l  base,  and 
SAGE, which contributed to the knowledge of many of 
the problems and ideas needed to solve the la rge  
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p r o g r a m m i n g  s y s t e m  p r o b l e m .  IAL was c h o s e n  as  the  
b a s e  l anguage  fo r  s e v e r a l  r e a s o n s .  One was t h a t  a t  the  
t i m e  i t  a p p e a r e d  as  ff i t  would b e c o m e  the  c o m m o n l y  
a c c e p t e d  s t a n d a r d  f o r  l a n g u a g e s .  Secondly ,  i t  s e e m e d  
l ike  a b e t t e r  t e c h n i c a l  b a s i s  f o r  a new l anguage  than  
FORTRAN,  which  was the  only  o t h e r  p o s s i b i l i t y .  SAGE 
i n f l u e n c e d  s u c h  m a t t e r s  a s  da ta  hand l ing ,  C o m m u n i c a -  
t i on  Poo l ,  and  the  need  f o r  a v a r i e t y  of types  of v a r i a -  
b l e s  ( i t e m s  o r  e l e m e n t s ) .  T h e s e  th ings  w e r e  d e e m e d  
e s s e n t i a l  to  t he  p r o g r a m m i n g  of SACCS and s e r v e d  as  
the  b a s i s  f o r  the  f i r s t  de f in i t i on  of JOVIAL.  

1 . 4  O r g a n i z a t i o n a l  and P e o p l e  B e g i n n i n g s  

T h e  f i r s t  a c t u a l  c o n t r i b u t i o n  to the  l anguage  e f f o r t  t h a t  
e v e n t u a l l y  led to J O V I A L  was the  s m a l l  s tudy  which  took  
p l a c e  a t  SDC in  C a l i f o r n i a  in  the  l a t t e r  p a r t  of 1958. As 
s t a t e d  b e f o r e ,  i t  s t a r t e d  with e x p e r i m e n t a t i o n  wi th  the  
a n a l y s i s  of l o g i c a l  and m a t h e m a t i c a l  e x p r e s s i o n s .  And,  
a l t h o u g h  t he  i n t e n t  was no t ,  a t  the  t i m e ,  to  s t a r t  d e v e l o p -  
ing  a l anguage ,  t h a t  was not  c o m p l e t e l y  out  of the  r e a l m  
of p o s s i b i l i t y .  (But  i t  shou ld  b e  r e m e m b e r e d  t h a t  up 
unt i l  t hen  l anguage  d e v e l o p m e n t  was  not  a w i d e - s p r e a d  
p h e n o m e n o n .  With in  a y e a r  o r  two,  i t  would bee~ome as  
w i d e - s p r e a d  as  c e r t a i n  v i r u s e s .  ) Key m e m b e r s  of th i s  
s t u d y  w e r e  E r w i n  Book,  H a r v e y  B r a t m a n ,  and m yse l f .  
D u r i n g  the  l a t t e r  m o n t h s  of 1958 I was  t r a n s f e r r e d  to 
New J e r s e y  to work  on the  SACCS p r o j e c t .  T h i s  t r a n s -  
f e r  c a m e  s h o r t l y  a f t e r  the  p u b l i c a t i o n  of the  d e s c r i p t i o n  
of  IAL in t he  ACM C o m m u n i c a t i o n s  t h a t  was  r e f e r e n c e d  
above .  B a s e d  on  the  e x p e r i e n c e  wi th  SAGE and t he  
r e a d i n g  of the  IAL  d e s c r i p t i o n ,  I r e c o m m e n d e d  to  the  
SACCS d e v e l o p m e n t  m a n a g e r s ,  p r i o r  to my  t r a n s f e r ,  
t he  u s e  of a h i g h e r  l e v e l  l anguage  to p r o g r a m  the  s y s -  
t e m .  To m y  and  a n u m b e r  of o t h e r  p e o p l e ' s  s u r p r i s e ,  
t h i s  r e c o m m e n d a t i o n  was  a c c e p t e d .  

A c t u a l l y  the  f ina l  r e c o m m e n d a t i o n  was m a d e  in New 
J e r s e y  w h e r e  the  SACCS p r o g r a m  was  to  b e  deve loped .  
T h i s  w r i t t e n  r e c o m m e n d a t i o n  was  done  with a p a p e r  
t yped  on  abou t  s e v e n  o r  e igh t  o n i o n - s k i n  pages  a r o u n d  
D e c e m b e r  1958. The  t i t l e  of i t  was " O V I A L  - Our  
V e r s i o n  of t he  I n t e r n a t i o n a l  A l g e b r a i c  L a n g u a g e " .  It 
was  a b r i e f  d e s c r i p t i o n  of s o m e  of the  l anguage  c o n c e p t s  
which  could be  i m p l e m e n t e d  in  o r d e r  to  deve lop  the  
SACCS p r o g r a m .  T h i s  p a p e r  was  a c c e p t e d  as  the  b e g i n -  
n ing  of the  p r o j e c t ,  and the  f i r s t  work  was  begun .  (I 
r e a l i z e d  s o m e  y e a r s  l a t e r  t h a t  I had  not  kep t  t ha t  p a p e r .  
T h e r e  w e r e  not  m a n y  cop i e s ,  and  i t  was  n e v e r  a f o r -  
m a l l y  i s s u e d  documen t .  At  t he  t i m e  i t  s e e m e d  l ike  a 
r e l a t i v e l y  s m a l l  i t e m  and  hot  l i ke ly  to be  con t inued  m u c h  
in  the  fu tu r e ,  a t  l e a s t  ou t s i de  of the  p a r t i c u l a r  SACCS 
d e v e l o p m e n t  e n v i r o n m e n t .  So the  p a p e r  d i d n ' t  s e e m  
v e r y  i m p o r t a n t  to  me.  Now i t  would be  of g r e a t  i n t e r e s t  
to  m e  fo r  s e v e r a l  r e a s o n s .  One is  i t s  h i s t o r i c a l  i n t e r -  
e s t  to  m e  and p e r h a p s  s o m e  o t h e r s .  Secondly ,  I a m  
qu i t e  c u r i o u s  what  m y  f i r s t  i d e a s  w e r e  a t  t ha t  t i m e  fo r  
t he  l a n g u a g e  I ca l l ed  OVIAL. ) 

The  p r o j e c t  t h a t  was  f o r m e d  to  deve lop  t h i s  l a n g u a g e  and  
c o m p i l e r s  f o r  i t  was  c a l l e d  the  CUSS ( C o m p i l e r  and  
Ut i l i t y  S y s t e m  fo r  SACCS) p r o j e c t .  I t  was p a r t  of the  
SACCS D i v i s i o n  of S y s t e m  D e v e l o p m e n t  C o r p o r a t i o n  

which  a t  the  t i m e  was  s e r v i n g  as  a s u b c o n t r a c t o r  to  IEC.  
IEC was  p a r t  of the  ITT  complex ,  f o r m e d  s p e c i f i c a l l y  to  
d e v e l o p  t he  SACCS s y s t e m .  

D u r i n g  t h i s  p e r i o d  of t he  o r g a n i z a t i o n  and  beg inn ing  of 
the  JOVIAL e f f o r t  in  New J e r s e y ,  the  o t h e r  m e m b e r s  of 
t he  t e a m  who d id  s o m e  of the  i n i t i a l  l anguage  i n v e s t i g a -  
t i on  a l s o  s t a r t e d  a p r o j e c t  to deve lop  a l anguage .  E v e n -  
t ua l ly  t h i s  l anguage  was  c a l l e d  CLIP  ( C o m p i l e r  L a n -  
guage  fo r  I n f o r m a t i o n  P r o c e s s i n g )  ( B r a t m a n  1959),  
(Englund and  C l a r k  1961). T h e s e  two a c t i v i t i e s ,  t he  one 
in New J e r s e y  and  the  one in  C a l i f o r n i a ,  w e r e  r a t h e r  
i n d e p e n d e n t  e f f o r t s ,  the  one in  C a l i f o r n i a  b e i n g  s o m e -  
wha t  r e s e a r c h  o r i e n t e d ,  whi le  the  one  in  New J e r s e y  on 
JOVIAL was o p e r a t i o n a l l y  o r i e n t e d  - and  in f a c t  wi th  a 
f a i r l y  d i f f i cu l t  s c h e d u l e  (which w a s n ' t  met ) .  

The  peop le  on t he  CUSS p r o j e c t  w e r e  p r i m a r i l y  i m p l e -  
m e n t o r s .  With the  e x c e p t i o n  of my  own e x p e r i e n c e  wi th  
t he  l anguage  P A C T  in  1954 and  1955, nobody e l s e  on the  
p r o j e c t  had  any  e x p e r i e n c e  wi th  c o m p i l e r s  o r  l a n g u a g e s .  
Some  had  had  e x p e r i e n c e  in  t he  d e v e l o p m e n t  of the  SAGE 
s y s t e m .  F o r  s o m e  m e m b e r s  of the  p r o j e c t ,  t h i s  was  
t h e i r  f i r s t  p r o g r a m m i n g  e x p e r i e n c e .  The  l i s t  of peop le  
who s e r v e d  a t  l e a s t  s o m e t i m e  on t he  CUSS p r o j e c t  (and 
t h e i r  c u r r e n t ,  o r  l a s t  known a f f i l i a t i on ,  w h e r e  known) 
fo l lows:  

J u l e s  S c h w a r t z  ( M a n a g e r )  
Moe S p i e r e r  ( M a n a g e r  709 JOVIAL)(CSC)  
Hank  Howel l  ( M a n a g e r  Q-31 JOVIAL)(SDC) 
P a u l  M e I s a a c  (Data Van tage )  
J o h n  R a f f e r t y  (IBM) 
P a t r i c i a  W e a v e r  (Unaf f i l i a ted)  
E m m a n u e l  Hayes  ( C e n t u r y  Data  S y s t e m s )  
Lynn S h i r l e y  (Consu l tan t )  
J a c k  F r i e d l a n d  (Consu l t an t )  
Donna  Neeb  (CSC) 
R i c h a r d  B r e w e r  (L i t ton  S y s t e m s )  
Start Cohn (Unknown) 
Mike D e n l i n g e r  (Unknown) 
J o h n  B o c k h o r s t  (Nor th rop)  
P h i l  B a r t r a m  (Unknown) 
F r a n k  P a l m e r  (SDC) 
Ed F o o t e  (IBM) 
J o h n  Dolan  (Unknown) 
P a t r i e i a  Metz  (Unknown) 

Some  of the  m e m b e r s  of the  CLIP  P r o j e c t ,  in  add i t i on  
to Book  and  B r a t m a n  m e n t i o n e d  p r e v i o u s l y ,  we re :  

Howard  Mane lowi t z  
Don Eng lnnd  
H a r o l d  I s b i t z  
E l l e n  C l a r k  
E l l i s  M y e r  

1 . 5  H i s t o r y  of t he  N a m e  

Since  i t  h a s  b e e n  s t a t e d  t h a t  t h i s  p a p e r  on J O V I A L  wil l  
s e r v e  as  s o m e  s o r t  of p e r m a n e n t  r e c o r d  of t he  l a n g u a g e ,  
t h i s  s e e m s  l ike  the  r i g h t  p l a c e  to d e s c r i b e  the  o r i g i n  of 
the  n a m e .  F o r  m a n y  peop le  t h i s  s e e m s  to b e  the  m o s t  
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i m p o r t a n t  and b e s t  known p a r t  of the  l anguage .  I have  
o v e r  the  y e a r s  m e t  m a n y  peop le  who know the  n a m e  (and 
t ha t  J u l e s  i s  p a r t  of i t)  bu t  know no th ing  abou t  the  l a n -  
guage.  T h e r e  i s  a d i s c u s s i o n  of t h i s  in  S a m m e t ' s  book  
on l a n g u a g e s  ( S a m m e t  1969), bu t  the  fo l lowing  expands  
s o m e w h a t  on tha t .  

As s t a t e d  above ,  the  n a m e  OVIAL was the  one o r i g i n a l l y  
r e c o m m e n d e d ,  which  m e a n t  O ur  V e r s i o n  of the  I n t e r n a -  
t iona l  A l g e b r a i c  Language .  In the  l a t e  1950s ,  s o c i e t y  
w a s n ' t  qui te  a s  f r e e  t h ink ing  as  i t  i s  today.  The  n a m e  
OVIAL s e e m e d  to have  a conno ta t i on  r e l a t i v e  to the  b i r t h  
p r o c e s s  tha t  did not  s e e m  a c c e p t a b l e  to s o m e  people .  
So, d u r i n g  a m e e t i n g ,  he ld  a p p r o x i m a t e l y  J a n u a r y  1959, 
a t  which  a n u m b e r  of t e c h n i c a l  i s s u e s  w e r e  d i s c u s s e d - - a  
m e e t i n g  a t t ended  by m e m b e r s  of the  s ta f f  of the  SACCS 
Div i s ion  M a n a g e m e n t ,  t he  CUSS p r o j e c t ,  and  IEC 
p e r s o n n e l - - t h e  s u b j e c t  of an  a c c e p t a b l e  n a m e  f o r  the  
l anguage  was in i t i a t ed .  Som eone  in the  g roup ,  and  i t ' s  
no t  known by me  who i t  was ,  s u g g e s t e d  the  n a m e  JOVIAL.  
T h i s  s e e m e d  l ike  the  e a s i e s t  t r a n s i t i o n  f r o m  OVIAL. The  
q u e s t i o n  t hen  was the  m e a n i n g  of the  " J " .  S ince  I was  
s t a n d i n g  in f r o n t  of the  r o o m  conduc t ing  the  m e e t i n g  a t  
the  t i m e ,  s o m e b o d y - - p e r h a p s  s o m e b o d y  o t h e r  t han  the  
one who s u g g e s t e d  J O V I A L - - s u g g e s t e d  i t  be  ca l l ed  J u l e s '  
Own V e r s i o n  of the  I n t e r n a t i o n a l  A l g e b r a i c  Language .  
T h i s  s u g g e s t i o n  was m e t  with  l a u g h t e r  by  the  a s s e m b l e d  
group .  The  m e e t i n g  ended  s h o r t l y  a f t e r w a r d  wi thout  
a c t u a l l y  f i n a l i z i n g  the  d i s c u s s i o n  of the  name .  

I l e f t  town fo r  a t r i p  soon  a f t e r .  Upon m y  r e t u r n  I found 
t h a t  the  IEC peop le  had  put  in  t he  p e r f o r m a n c e  c o n t r a c t  
an  ob l iga t ion  fo r  SDC to deve lop  the  l anguage  ca l l ed  
" J O V I A L  ( J u l e s '  Own V e r s i o n  of the  I n t e r n a t i o n a l  A l g e -  
b r a i c  Language)  and c o m p i l e r s  f o r  th i s  l anguage  fo r  the  
IBM 709 and A N / F S Q - 3 1 .  " The  A N / F S Q - 3 1  c o m p u t e r  
w a s n ' t  due to b e  i n s t a l l e d  fo r  qui te  s o m e  t i m e ,  bu t  the  
709 was a v a i l a b l e  and was to be  u sed  by  u s e r  p e r s o n n e l  
fo r  a v a r i e t y  of  k inds  of work .  (I d i d n ' t  r e m e m b e r  who 
the  IEC people  w e r e ,  but  was  to ld  in  1976 by  J oe  C e r a n ,  
now of CSC, who was t hen  one of t he  IEC p e r s o n n e l  a t  
the  mee t ing .  ) T h u s ,  a long  with the  d a t e s  f o r  v a r i o u s  
d e l i v e r i e s ,  the  n a m e  JOVIAL,  which  inc luded  m y  f i r s t  
n a m e ,  b e c a m e  off ic ia l  t e r m s .  

1 . 6  O b j e c t i v e s  

Both  c o m p i l e r s  w e r e  to b e  d e l i v e r e d  to the  S t r a t e g i c  A i r  
C o m m a n d  in  O m a h a  and  to b e  used  fo r  a v a r i e t y  of f u n c -  
t ions .  The  A N / F S Q - 3 1  C o m p i l e r  was i n t ended  f o r  the  
p r o g r a m m i n g  of the  SACCS S y s t e m ,  the  709 f o r  a v a r i -  
e ty  of o t h e r  ongoing SAC func t ions  a s  wel l  as  the  e a r l y  
d e v e l o p m e n t  of the  Q-31 D e v e l o p m e n t  S y s t e m  p r i o r  to  
the  a v a i l a b i l i t y  of the  Q-31.  The  JOVIAL l anguage  was 
to be  the  s a m e  fo r  bo th  the  709 and  Q-31.  T he  c o m p i l e r s  
w e r e  to be  p r o g r a m m e d  in  JOVIAL.  

1 .7  Schedu les  and A l loca t ed  M a n p o w e r  

I have  not  b e e n  ab le  to f ind the  o r i g i n a l  c o n t r a c t  s t a t e -  
m e n t s  c o n t a i n i n g  the  ac tua l  s c h e d u l e s  t h a t  w e r e  r e q u i r e d .  
W h a t e v e r  they  w e r e ,  i t  i s  qu i te  c e r t a i n  t h a t  they  d i d n ' t  
ge t  me t .  As I r e c a l l ,  the  f i r s t  v e r s i o n  of the  c o m p i l e r  

fo r  t he  l anguage  was s c h e d u l e d  s o m e t h i n g  l ike  s i x  m o n t h s  
a f t e r  the  b e g i n n i n g  of the  e f f o r t  on t he  IBM 709. S ince  
the  A N / F S Q - 3 1  w a s n ' t  due  to b e  i n s t a l l e d  fo r  qu i te  s o m e  
t i m e  a f t e r w a r d s ,  t h a t  had  a m u c h  l a t e r  s c h e d u l e d  d e l i v -  
e ry .  The  n u m b e r  of peop le  on the  p r o j e c t  soon  a f t e r  i t  
got  s t a r t e d  was a r o u n d  n ine  and i t  g r ew  to a m a x i m u m  
of abou t  15 peop le  as  the  CUSS p r o j e c t  con t inued .  The  
a c t u a l  f i r s t  u s e r s  of JOVIAL,  a s i d e  f r o m  the  c o m p i l e r  
d e v e l o p e r s  t h e m s e l v e s ,  w e r e  to use  the  f i r s t  p r o c e s s o r ,  
wh ich  was an  i n t e r p r e t e r ,  not  a c o m p i l e r ,  fo r  a v e r y  
s i m p l e  s u b s e t  of the  l a n g u a g e ,  which  was  a v a i l a b l e  in  
abou t  12 m o n t h s  ( a round  J a n u a r y  1960). 

P e o p l e  wi th in  the  SACCS d e v e l o p m e n t  e f fo r t  b e g a n  to u se  
the  l anguage  f o r  v e r y  s i m p l e  t h ings  (e. g . ,  s h o r t  s u b r o u -  
t i n e s  fo r  c o n v e r s i o n ,  c a l c u l a t i o n s ,  e x p r e s s i o n  a n a l y s i s ) .  
T h e r e  w e r e  s o m e w h e r e  a r o u n d  e igh t  m a n - y e a r s '  e f f o r t  
b e f o r e  the  l anguage  b e g a n  to be  used .  About  25 m a n -  
y e a r s  of e f fo r t  w e r e  expended  b e f o r e  v e r y  h e a v y  u se  of 
the  709 C o m p i l e r  took p lace .  The  f i r s t  p r o g r a m s  to 
m a k e  u se  of the  c o m p i l e r s  (ou ts ide  of the  c o m p i l e r  
b u i l d e r s )  w e r e  the  u t i l i ty  and  e x e c u t i v e  s y s t e m s  t ha t  
w e r e  to b e  u sed  fo r  the  f u r t h e r  d e v e l o p m e n t  of the  
SACCS s y s t e m .  The  c o m p i l e r  d e v e l o p m e n t  i t s e l f  u t i -  
l i z e d  the  e a r l y  c o m p i l e r s .  Once the  e a r l i e s t  s u b s e t  of 
the  l anguage  was a v a i l a b l e  in  a m a c h i n e - c o d e d  c o m p i l e r ,  
the  c o m p i l e r  was  i m m e d i a t e l y  r e p r o g r a m m e d  in  t ha t  
l anguage .  F r o m  then  on, a l l  v e r s i o n s  w e r e  p r o g r a m m e d  
in  s o m e  v e r s i o n  of JOVIAL.  

i .  8 P l a n n i n  G and  P r o c e d u r e s  

Today  t h e r e  a r e  a v a r i e t y  of c o n c e p t s  fo r  o r d e r l y  d e v e l -  
o p m e n t ,  i nc lud ing  s t r u c t u r e d  p r o g r a m m i n g ,  s t r u c t u r e d  
d e s i g n ,  t o p - d o w n  d e v e l o p m e n t ,  c o n t i n u o u s l y  evo lv ing  
s p e c i f i c a t i o n s ,  and  in  g e n e r a l  r i g o r o u s  p l a n n i n g  and 
d i s c i p l i n e d  ef for t .  T h e s e  i deas  w e r e  unknown to the  
o r i g i n a l  JOVIAL d e v e l o p m e n t .  The  l anguage  d e s i g n  
a c t u a l l y  p r o c e e d e d  l a r g e l y  in p a r a l l e l  wi th  the  i m p l e -  
m e n t a t i o n  of the  c o m p i l e r s .  T h e r e  w e r e  s o m e  b a s i c  
c o n c e p t s  (e. g . ,  IAL,  SAGE da ta  de f in i t i ons )  and  enough 
de f in i t i on  to get  s t a r t e d  wi th  the  d e v e l o p m e n t ,  bu t  a f i r m  
b a s e l i n e  n e v e r  e x i s t e d ,  and  c h a n g e s  w e r e  m a d e  a l m o s t  
da i ly .  The  e a r l y  d o c u m e n t s  w e r e  l i m i t e d  and e s s e n -  
t i a l l y  work ing  p a p e r s ,  s u b j e c t  to c o n s i d e r a b l e  change .  
No r e a s o n a b l y  c o m p l e t e  " f i n a l "  d o c u m e n t s  w e r e  pub -  
f i shed  un t i l  the  end of the  m a j o r  work .  

The  m a i n  " m a n a g e m e n t  t e c h n i q u e "  used  was f r e q u e n t  
i n t e r a c t i o n  a m o n g  a l l  p e r s o n n e l ,  i nc lud ing  the  p r o j e c t  
l e a d e r s ,  w h e r e  c h a n g e s ,  t e c h n i q u e s ,  and  p r o g r e s s  w e r e  
d i s c u s s e d  on an  ind iv idua l  and g r o u p  b a s i s .  Al though  
not  to be  r e c o m m e n d e d  as  the  m a j o r  way to r u n  a p r o j -  
ec t ,  i t  s e e m e d  to work  for  t h i s  p r o j e c t  (where  m o s t  
p e r s o n n e l ,  a l t hough  r a t h e r  i n e x p e r i e n c e d ,  w e r e  qu i te  
c a p a b l e  and  h a r d - w o r k i n g ) .  No de t a i l ed  p l a n s  o r  s c h e d -  
u le s  o r  s y s t e m a t i c  g r o w t h  f r o m  d e s i g n  t h r o u g h  t e s t i n g  
w e r e  e v e r  w r i t t e n  o r  fol lowed.  The  only  r e a l  t e s t  c a s e  
was  the  c o m p i l e r  i t s e l f .  

The  f i r s t  o f f ic ia l  d o c u m e n t  on JOVIAL was  p u b l i s h e d  in  
A p r i l  1959 (Schwar t z  1959) and the  s e c o n d  in May 1959 
(Schwar t z  1959). T h e s e  d e s c r i b e d  a n u m b e r  of the  
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concepts and details of the language. Additional docu- 
ments came out on the state of the language over  the next 
six months. 

Since one of the major  emphases of this language was to 
be the development of the compi ler  in the language i tself ,  
many of the ideas for  the language came from those who 
were actually in the process  of developing par ts  of the 
compiler .  Changes were suggested by those people as 
they programmed.  

Many of the important  par ts  of the language were devel -  
oped in an incredibly short  t ime.  A good example of this 
is the Data Definition Capability, which was the original 
hear t  of JOVIAL. It was not well-defined when we 
embarked on the development effort. It had to be devel -  
oped as the compi ler  development proceeded.  When it 
was determined that we couldn't  postpone the data defini-  
tion any longer,  i t  was developed in about 30 minutes. 
One other  person (H. Howell) and I examined each poss i -  
ble type and s t ruc ture  and developed the syntax for  them 
immedia te ly  (Howell 1960). Those who know the original 
JOVIAL will readily agree  that that par t  of the language 
could have been developed in only 30 minutes. Many of 
the syntactic improvements  over  the years  have been in 
that area ,  although the capability provided has always 
been well received.  Other language features  (such as 
the CLOSE Routine and Item Switch - d iscussed below) 
were  decided on and added in minutes. Rare ly  did lan- 
guage features  requi re  more  than a day to de termine  
both need and s t ructure .  STRING Items (discussed 
below) were one exception, mainly because of objections 
by the compi ler  producers .  

1.9 Documentation and Ear ly  Versions 

As stated previously,  the f i r s t  document descr ibing the 
language was published in April  1959 (Schwartz 1959). 
It was superseded by another in May (Schwartz 1959). 
The next two language documents appeared in September 
(Bockhorst and Reynolds 1959; Schwartz 1959). In ear ly  
1960 work began in California on JOVIAL i tse l f  in addi- 
tion to CLIP, so documents began to appear  in the spring 
of 1960 (Shaw 1960) on the language JOVIAL and some 
plans for JOVIAL on computers other than those being 
developed in New Je r sey .  However,  those vers ions  of 
JOVIAL were not identical to the East  Coast version.  

The ear ly  use of the in t e rp re t e r  (for language vers ion  
J0) occur red  in January of 1960, about a year  af ter  the 
sys tem was started.  The f i r s t  compi ler  for the language 
vers ion  called J -1  (J minus one) was available for the 
compi ler  developers  in the fall  of 1959. That compi ler  
was used to p rogram the next vers ion of the language--  
called J1- -whieh  was available in the winter of 1960. 
This was used to produce the J2 version.  The J2 vers ion 
was del ivered in March of 1961 (Schwartz and Howell 
1961). It ran on the IBM 7090, which had replaced the 
709 by that t ime. 

The AN/FSQ-31 vers ion  of J2 was del ivered  some 
months later .  Usage of the 709 vers ion  real ly  began 
back with the J1 vers ion  of the compi ler  for the 

development of utility sys tems.  In Omaha, at SAC 
Headquar ters ,  i t  began with the de l ivery  of the 709 J2 
vers ion  in March of 1961. 

What eventually became a standard was the J3 vers ion  
of JOVIAL. That was original ly descr ibed by Chris Shaw 
(Shaw 1960; Shaw 1964). This vers ion  was developed in 
California.  Chris Shaw was responsible  for most  of the 
ear ly  formal  descr ipt ions of JOVIAL. 

The f i r s t  formal  presentat ion on JOVIAL was given in 
the ear ly  1960s at the International Symposium on Sym- 
bolic Languages in March of 1962 (Schwartz 1962). 

2. RATIONALE OF THE CONTENT OF THE 

LANGUA GE 

2.1 Language Objectives 

The actual major  objective of the original JOVIAL was 
a language for p rogramming  large  sys tems ,  although it 
has typically been r e f e r r ed  to as a Command and Con- 
t ro l  Language. These were  sys tems which requi red  the 
contributions of many people. Also,  they would not be 
constrained to uti l ize l imited sections or  instructions of 
the computer ,  nor to work with s t r ic t ly  computational 
problems.  These proper t ies  cer ta inly  seem to se rve  
the Command and Control problem,  but s e rve  equally 
well the p rogramming  of a compi ler  or  operat ing 
sys tem.  

A natural  resul t  of this basic objective was the r equ i r e -  
ment for flexibili ty.  The language had to be able to 
handle a var ie ty  of situations. The necess i ty  for people 
to use machine language often would not be considered 
sa t i s fac tory ,  even in those cases  in which machine lan- 
guage had always been assumed necessa ry  in the past. 

Another language objective was a reasonable level  of 
machine independence. The fact that two compi le rs  for 
two totally different  computers  was the original  con- 
t ractual  objective of the language helped to achieve this 
l a t te r  objective (Wilkerson 1961). 

2.2 Things Which Were Pre t ty  Much Ignored In 
The Language 

One thing which was given l i t t le  attention until the f i r s t  
vers ions  of the compi ler  began to be used to compile 
themselves  was compi le r  speed. Capabili t ies were 
added to the language independent of the i r  effects on 
compilation speed. TMs was not t rue of some other 
languages being developed at that t ime,  one of which 
was NELIAC, which had s imi la r  overa l l  objectives but 
tended to emphasize compilat ion speed to a much 
g rea te r  extent. 

Another thing which was ignored was language elegance. 
An example of this was given previously  in the discus-  
sion of how the Data Descr ipt ion par t  of the language 
was developed. Almost  everyone on the p ro jec t  had no 
foundation in language design, including the managers .  
Consequently, although the example of IAL existed for  
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a re la t ively  formal  descr ipt ion of a language, the fo rmal -  
ity of JOVIAL tended to be ignored. This could not have 
been completely bad, I think. It cer ta inly  had its weak 
points, but in fact JOVIAL actually turned out to be very 
natural  for  people to use. Many language features  were 
developed as actual needs were recognized,  leading to 
useful, if inelegant, resul ts .  The Data Definition area  
eas i ly  fits here.  It contained quite a bit  of f lexibil i ty 
and power, along with reasonable programming t rans -  
parency, but syntactically was a s t r ing of ha rd- to -  
memor ize  charac ters  required in specif ic  sequence. 
Long str ing constants were defined in a very  awkward 
way (e. g . ,  18H (THIS IS AN EXAMPLE)), requir ing con- 
s iderable  counting and recounting for changing. The use 
of the symbols "($" and "$)" for  l iberal ly  used brackets  
was a bad choice. Imprecis ion in semantic definitions 
did not help in making all vers ions  totally compatible,  
even when there  were attempts at compatibility. 

Another thing which was ignored was standardization with 
other  efforts. Even other  efforts within SDC at that t ime 
were ignored--par t ia l ly  because of the need for (if not 
the achievement of) meeting of schedules on the SACCS 
effort.  It was also part ial ly because of the physical d is -  
tance between the JOVIAL efforts (For much of the t ime 
period of the Pro jec t ,  the coas t - to -coas t  t r ip  was by 
p rope l l e r -d r iven  a i rcraf t .  ) and the not unusual tendency 
for people to ignore other people 's  work. And the initial 
inspirat ion of IAL didn't  lead to continued following of it. 
No fur ther  attention was paid to IAL (or ALGOL, as it 
was eventually called) af ter  the initial design. 

2.3 Thin~s Excluded in the Language or  Given 
Little Attention 

One of the major  initial exclusions of the language was 
input/output. This can be attributed to SAGE. In the 
SAGE sys tem no program except the central  control 
p rogram did any input/output. Consequently, i t  was felt  
that the great  majori ty  of p rograms  would not requi re  
input/output for the SACCS System. JOVIAL thus did 
not include it initially. Eventually, subroutines were 
written and called through Procedures  (Bockhorst 1961). 
One of the original omissions (and st i l l  omitted) is 
interrupt  handling or  any other obviously r e a l - t i m e  
instruction or  capability. Instead, JOVIAL gave access  
to parts  of the machine through various operations and 
modifiers .  These included access  to parts  of words in 
a rb i t r a ry  groupings of bits or  bytes,  which allowed one 
to inspect  interrupt  or  message r eg i s t e r s ,  therefore  
obviating the absolute need for  more  d i rec t  commands 
in this area.  In the initial vers ions  of the language no 
real  debugging faci l i t ies  were added. But the Communi- 
cations Pool provided capability for  supporting sys tems 
to give considerable debugging capability at both the 
individual p rogram and system level.  Also, no data 
allocation statements  were put into the initial vers ion of 
the language. 

One thing which was allowed in the language but some-  
what ignored in the compi ler  were mult i -dimensional  
a r rays .  The language provided for them, but the effi- 
ciency of handling anything more  than a single subscripted 

var iable  was not s t r e s sed  in the compiler .  (However, 
s ingle-subscr ip t ing  was handled quite well. ) This 
resul ted in re la t ively  l i t t le in teres t  in JOVIAL for p ro-  
gramming mult i -dimensional  matr ix  problems.  It was 
felt ,  in just i f icat ion of the la t te r ,  that the use of mult i -  
dimensional  a r rays  for  the kinds of sys tems for which 
JOVIAL was to be used would be minimal.  

2.4 Major Language Fea tures  

The bas is  of JOVIAL taken from IAL included such things 
as compound statements.  The use and syntax of com-  
pound statements  was the same as defined in IAL. The 
major  operators  were general ly  the same,  including a 
switch which was s im i l a r  to the IAL switch. The s ta te-  
ment s t ruc ture ,  labelling, and ending were the same. 
P rocedure  cal ls ,  at least  init ial ly,  were  s imi la r  to 
IAL 's ,  and the general  loop s t ruc ture  and FOR sta te-  
ments were s imi la r .  

The biggest  depar ture  (and the original  one) f rom IAL 
was in the Data Definition area.  Where IAL provided 
p r imar i ly  for floating point a r r ays  and some integer  
values,  the JOVIAL language included at the lowest data 
descr ipt ion level  entit ies which were called " i t ems"  
(based on the SAGE term) which had a var ie ty  of types. 
The types included floating point, fixed point (where the 
scaling was specified to be part  of the item), Holleri th 
and Standard Transmiss ion  Code charac te r  s t r ings (in 
the initial vers ion,  these were  l imited to res ide  within 
one computer  word), and status valued i tems.  These 
la t te r  represented  with symbolic values finite states 
such as GOOD, FAIR, and POOR, or  ON and OFF, or  
any predefined se t  of values. In the JOVIAL program 
these a re  r e f e r r ed  to by the symbolic names (e. g . ,  IF 
WEATHER = V(CLOUDY)), although internal ly they are  
assigned integer  values by the compiler .  

I tems were assigned to the next higher level  of h i e r a r -  
chy, which was an "ent ry"  in JOVIAL. Each entry con- 
tained all of the elements or  the i tems that were neces -  
sary  to descr ibe  a par t icular  object (e. g . ,  Ai rc ra f t ,  
Pe r sons ,  e tc . ) .  All entr ies  for an object were contained 
in a " table" ,  the top level  of the hierarchy.  

Tables could take on seve ra l  forms.  These were se r ia l ,  
para l le l ,  and variable.  

In the se r i a l  table, all  words containing an entry were 
contiguous. As an example,  a se r ia l  table containing 
the i tems A, B, C, D, E, and F in a three-word entry 
would appear as follows: 

Entry 0 l 

Entry 1 I 

B 
AIclol E 

F 

A I B 
ClOlE 

F 
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A p a r a l l e l  table  conta in ing the s a m e  i t e m s  could appea r  
as  in the following: 

En t ry  0 A 
En t ry  1 A 
En t ry  2 A 

B 
B 
B 

Ent ry  0 C D E 
Ent ry  1 C D E 
Ent ry  2 C D E 

Entry 0 F 
Entry 1 F 
Entry 2 F 

Indexing in both c a s e s  with JOVIAL was independent  of 
the en t ry  s i z e  o r  p a r a l l e l / s e r i a l  f o rma t .  F o r  example ,  
the  sequence:  

FOR I =0, i, i05 
D($I$) = 55 

would se t  D in the f i r s t  11 en t r i e s  to the value  5 for  
e i t h e r  of the above (and would w o r k  in the s e r i a l  c a s e  
if  f ewer  o r  m o r e  words  w e r e  in an entry) .  

It  was a lso  poss ib l e  to u t i l i ze  a va r i ab l e  f o r m a t  which 
might  have a d i f f e ren t  s t r u c t u r e  fo r  each  en t ry ,  as  
fol lows:  

En t ry  0 t 

En t ry  1 { 

En t ry  2 { 

A IF 
C D E 

F 

Al I E 
I 
@ 

In the va r i ab l e  ca se ,  t h e r e  would n o r m a l l y  be  s o m e  i t e m  
in each  en t ry  (say A in this  example)  which would p r o -  
vide a s s i s t a n c e  in s tepping  f r o m  one en t ry  to the next.  
This  was not  done au toma t i ca l l y  by the c o m p i l e r .  A 
sequence  of the  fol lowing kind would be poss ib le :  

F O R  I = 05 

BEGIN X1. IF  A($I$) = 35 D($I$) = 55 
I.= I + A($I$) $ 
IF A($I$) = 05 STOP $ 
GOTO XI$ 

END 

This  sequence  would se t  a l l  ex i s t ing  Ds to 5 unti l  the  
end of the tab le ,  where  only t h r e e  word en t r i e s  con-  
ta ined  D, and the end was s igna led  by an A equal  to 0. 

Another  data  type  was added to the l a n g u a g e - - m u c h  to 
my  chag r in  because  of i ts  a w k w a r d n e s s - - d u r i n g  i t s  
e a r l y  implemen ta t ion .  Th is  was ca l l ed  STRING and it  
p rov ided  fo r  a r a t h e r  comp lex  combina t ion  of c h a r a c t e r  
s t r i n g  e l e m e n t s  in a va r i e t y  of f o r m a t s  within an en t ry .  
Th is  went beyond the o r ig ina l  concept  of i t e m s  and 
c h a r a c t e r  s t r i n g  i t e m s .  (This was one of the  only 
" c o m m i t t e e  type"  addi t ions  to the  e a r l y  language.  ) 

T h e s e  data  types  and data s t r u c t u r e s  p rov ided  fo r  a 
c o m p r e h e n s i v e  capabi l i ty  fo r  a c c e s s  to a l m o s t  any con-  
f igu ra t ion  of  l og i ca l  o r  a r i t h m e t i c  va lues .  I t ems  could 
be  e i t he r  full  o r  p a r t  words .  (No i t e m  could be m o r e  
than one word.  This  was changed in l a t e r  v e r s i o n s  of 
the l anguage . )  Also ,  a c c e s s  to pa r t s  of i t e m s  (d i scussed  
below) was p rov ided .  The  point  of this was not only the 
def in i t ion  of data  s t r u c t u r e s .  It  was to p rov ide  i t  in such  
a way that  the p r o g r a m m e r  would not need to know 
whe re  the i t e m  was p laced  within a word ,  which word in 
an  en t ry  i t  was in, and in m o s t  c a s e s  the s i z e  of the 
i t e m s  and o the r  fac ts  about  i t .  In s o m e  c a s e s ,  the  type 
i t se l f  did not have  to be known. 

Thus ,  the  JOVIAL p r o g r a m  could r e m a i n  l a r g e l y  
unaf fec ted  by changes  in the data  de sc r ip t i on .  That  was 
a c r u c i a l  p a r t  of the language.  A l so ,  in s o m e  ways this  
capab i l i ty  was used to show that  in fac t  JOVIAL would 
p roduce  m o r e  ef f ic ien t  code fo r  p r o g r a m m i n g  s y s t e m s  
than the  mach ine  language as used  fo r  SAGE. The 
fo l lowing type of examp le  was used  as  an i l l u s t r a t ion .  

In SAGE, " p s e u d o - i n s t r u c t i o n s "  (macros )  w e r e  used  in 
mach ine  language  when" r e f e r r i n g  to Communica t ion  
Pool  i t e m s .  The  pu rpose  was to p r e v e n t  any a s s u m p -  
t ions  about  the s i z e  o r  pos i t ion  of i t e m s  by p r o g r a m m e r s  
whi le  p roduc ing  r e a s o n a b l y  good code fo r  spec i f i c  s i tua -  
t ions .  ( P r o g r a m s  had to be  r e a s s e m b l e d  when the  C o m -  
munica t ion  Poo l  changed.  ) F o u r  such pseudo i n s t r u c -  
t ions  were :  

ETR P e r f o r m  an AND to the A c c u m u l a t o r  with 
a m a s k  the s i z e  and pos i t ion  of the i t em.  

POS Shift the a c c u m u l a t o r  s o  that  the l e a s t  
s ign i f i can t  bi t  of the  i t e m  is  in the l e a s t  
s ign i f i can t  b i t  of the  a c c u m u l a t o r .  

RES Shift the a c c u m u l a t o r  lef t  so that  the l e a s t  
s ign i f i can t  bi t  of the a c c u m u l a t o r  moves  
to the l e a s t  s ign i f i can t  b i t  pos i t ion  of the 
i t em.  

DEP Depos i t  into the word  conta in ing  the i t e m  
f r o m  the p r o p e r  b i t  pos i t ions  of the 
a c c u m u l a t o r .  

At l e a s t  one in s t ruc t ion  was g e n e r a t e d  fo r  each  
p s e u d o - i n s t r u c t i o n .  
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T h u s ,  to add two i t e m s  and s t o r e  in  a t h i r d ,  the  fo l lowing 
s e q u e n c e  had to be  used.  

CLA ITEM1 
ETR ITEM1 
POS ITEM1 
STO T E M P  
CLA ITEM2 
ETR ITEM2 
POS ITEM2 
ADD T E M P  
RES T E M P 3  
DEP  T E M P 3  

Move  ITEM1 to a c c u m u l a t o r  

Save ITEM1 
Move ITEM2 to a c c u m u l a t o r  

Add the  two i t e m s  

Th i s  s e q u e n c e  g e n e r a t e d  a m i n i m u m  of 10 i n s t r u c t i o n s  
(on the  SAGE c o m p u t e r ) .  In JOVIAL,  the  s a m e  o p e r a -  
t ion  would a p p e a r  in  the  fo l lowing s t a t e m e n t :  

ITEM3 = ITEM1 + ITEM2$ 

Depend ing  on the  de f in i t i ons  of the  i t e m s ,  t h i s  s t a t e m e n t  
could  g e n e r a t e  as  few as  t h r e e  i n s t r u c t i o n s  b e c a u s e  of 
the  c a p a b i l i t y  of the  c o m p i l e r  to  a n a l y z e  the  e n t i r e  
s t a t e m e n t .  

The  C o m m u n i c a t i o n  Poo l  is  e s s e n t i a l l y  the Data  D e f in i -  
t ion  fo r  a l l  i t e m s  and t a b l e s  to be  used  by  the  s u b p r o -  
g r a m s  of the  s y s t e m .  In s o m e  v e r s i o n s  of JOVIAL 
c o m p i l e r s  the  C o m m u n i c a t i o n  Poo l  is  s y n t a c t i c a l l y  i den -  
t i ca l  to the  Data  Def in i t ion  s e c t i o n  wi th in  a p r o g r a m .  In 
o t h e r  v e r s i o n s ,  howeve r ,  the  C o m m u n i c a t i o n  Poo l  a c t u -  
a l ly  has  a d i f f e r e n t  f o r m a t  t han  the  Data  Def in i t i ons  and  
has  m o r e  i n f o r m a t i o n  than  the  JOVIAL p r o g r a m s  t h e m -  
s e l v e s  p e r m i t .  Such th ings  a s  a l l o c a t i o n  i n f o r m a t i o n  
can  be put  in to  the  C o m m u n i c a t i o n  Poo l  f o r  bo th  p r o -  
g r a m s  and data .  The  C o m m u n i c a t i o n  Poo l  i s  used  fo r  
m o r e  t han  c o m p i l i n g  p r o g r a m s .  I t  c an  a l s o  b e  u sed  fo r  
s u c h  th ings  a s  s i m u l a t i n g  data  fo r  t e s t i ng .  It  a l lows  fo r  
the  e n t r y  of the  i t e m  n a m e  and  i t s  va lue  wi thout  the  p r o -  
g r a m m e r  hav ing  to spec i fy  w h e r e  to p l ace  the  va lue  o r  
i t s  i n t e r n a l  f o r m .  The  C o m m u n i c a t i o n  Poo l  a l s o  can  
s e r v e  as  a tool  f o r  data  r e d u c t i o n  a f t e r  t e s t s  a r e  run .  
T h i s  i s  b e c a u s e  the  Data  Reduc t ion  P r o g r a m  can  
e x a m i n e  the  i n f o r m a t i o n  as  i t  e x i s t s  a f t e r  a r u n  and u se  
the  C o m m u n i c a t i o n  Poo l  de f in i t ion  to t r a n s l a t e  i t  to a 
r e a d a b l e  f o r m  fo r  the  u s e r  o r  the  t e s t e r  ( F j o m s l a n d  
1960). 

A n o t h e r  s i g n i f i c a n t  f e a t u r e  of the  JOVIAL language  f r o m  
i t s  e a r l i e s t  v e r s i o n  was the  p r o v i s i o n  for  a c c e s s  to  b i t s  
and by tes  of i t e m s .  M o d i f i e r s  fo r  th i s  p r o v i d e d  a c c e s s  
to a v a r i a b l e  n u m b e r  of b i t s  o r  by t e s  of the  i t e m ,  s t a r t -  
i ng  f r o m  any  p o s i t i o n  wi th in  the  i t em.  The  e x p r e s s i o n s  
a r e  BIT($i ,  j $ ) ( i t em)  and BYTE($i ,  j $ ) ( i t em) ,  w h e r e  i 
i s  the  s t a r t i n g  b i t  o r  by te  and j the  n u m b e r  of t h e m .  
T h e s e  p r o v i d e  a good dea l  of power .  Howeve r ,  the  e f f i -  
c i e n c y  of th i s  f o r m  when  i and  j a r e  bo th  v a r i a b l e  is  a t  
b e s t  a d e q u a t e ,  bu t  n o r m a l l y  m u c h  w o r s e .  T he  s i m p l e r  
e x p r e s s i o n  w h e r e  only one o r  a c o n s t a n t  n u m b e r  of b i t s  
o r  by t e s  was r e f e r e n c e d  can  p r o d u c e  m o r e  e f f i c i en t  code.  

A c c e s s  to e n t r i e s  of t a b l e s  a l s o  was g iven  in  JOVIAL.  
T h u s ,  one can  m o v e  whole  e n t r i e s  o t h e r  t han  on an  
i t e m - b y - i t e m  b a s i s .  A m o d i f i e r  was p r o v i d e d  which 
p r o v i d e d  a c c e s s  to  the  coun t  of e n t r i e s  in  a t a b l e  fo r  
u se  o r  mod i f i ca t i on .  F o r  e x a m p l e ,  the  s t a t e m e n t  
N E N T ( T A B L E )  = N E N T ( T A B L E )  + 15 i n c r e m e n t s  the  
coun t  of e n t r i e s  in T A B L E .  

Some  o t h e r  r a t h e r  unique  f o r m s  w e r e  added  to the  e a r l y  
JOVIAL to r e s o l v e  c e r t a i n  p r o b l e m s .  One was the  
CLOSE S t a t e m e n t .  T h i s  p r o v i d e d  fo r  a c l o s e d  s u b r o u -  
t i ne  with no e n t r a n c e  o r  ex i t  p a r a m e t e r s ,  but  i t  m a i n -  
t a i n e d  and could  u se  the  va lue  of a s u b s c r i p t  when  i t  
was  wi th in  i t s  d o m a i n  of de f in i t ion .  The  LOC m o d i f i e r  
was  added.  T h i s  m o d i f i e r ,  which  s t a n d s  fo r  " ( abso lu t e )  
c o r e  l o c a t i o n " ,  p r o v i d e d  the  c a p a b i l i t y  of ge t t ing  to the  
l o c a t i o n  of a p a r t  of m e m o r y .  The  e x p r e s s i o n  
LOC {TABLE o r  ITEM) enab l ed  one to r e f e r e n c e  
r e l o c a t a b l e  i n f o r m a t i o n .  Today ,  p o i n t e r s  can  be  u sed  
fo r  t h i s  wi thou t  s o m e  of the  a w k w a r d n e s s  and  inadequacy  
a v a i l a b l e  only wi th  LOC. A n o t h e r  k ind of f l ex ib i l i t y  
which  was p r o v i d e d  (and which  c r e a t e d  p r o b l e m s  f o r  
c o m p i l e r  w r i t e r s )  was the  f ac t  t ha t  the  s t e p - f a c t o r  in  
the  FOR s t a t e m e n t  ( F o r  I = A, B,  C; wi th  B b e i n g  the  
i n c r e m e n t  o r  the  d e c r e m e n t  f o r  I) was  a l lowed  to be  a 
v a r i a b l e .  I t  could  be  e i t h e r  nega t i ve  o r  p o s i t i v e ,  and in 
f a c t  d u r i n g  the  loop was a l lowed  to change  s ign .  Of 
c o u r s e ,  tha t  was  not  the  n o r m a l  c a s e ,  bu t  the  need  fo r  
p r o v i d i n g  fo r  i t  in  the  c o m p i l e r  was  one of t h o s e  th ings  
which  c r e a t e d  s o m e  of the  e a r l y  c o m p i l e r  p r o b l e m s  in 
a c h i e v i n g  e f f i c i ency  and speed .  

NENT,  BIT ,  BYTE,  LOC, ENT,  MANT and o t h e r  
t e r m s  a r e  e x a m p l e s  of f tme t iona l  m o d i f i e r s  which w e r e  
added d u r i n g  the  e a r l y  d e v e l o p m e n t  of JOVIAL.  T h e s e  
w e r e  u t i l i zed  to s a t i s f y  a n u m b e r  of the  p r o b l e m s  which 
r e q u i r e d  l anguage  so lu t i ons .  They  can  n o r m a l l y  be  
u sed  in " r i g h t "  o r  " l e f t  s i d e "  e x p r e s s i o n s .  F o r  e x a m -  
p l e ,  t he  s t a t e m e n t  

BIT ($I$)(ITEM) = 15 

c a u s e s  the  I th  b i t  of ITEM to be  s e t  to 1. (When the  
n u m b e r  of b i t s  o r  b y t e s  i s  1, i t  d o e s n ' t  have  to b e  
s p e c i f i e d .  ) 

A l though  the  p u r p o s e  of the  l anguage  was to p rov ide  fo r  
m a c h i n e  o r i e n t e d  p r o g r a m m i n g  wi thou t  the  u s e  of 
m a c h i n e  l a n g u a g e ,  the  o r i g i n a t o r s  w e r e  r e a l i s t i c  enough 
to know tha t  t h e r e  would b e  a r e q u i r e m e n t  fo r  the  u se  of 
m a c h i n e  l anguage ,  a t  l e a s t  o c c a s i o n a l l y .  P a r t i c u l a r l y  
in  the  e a r l y  v e r s i o n s ,  a t  a m i n i m u m ,  a c c e s s  to input  
and output  r e q u i r e d  s o m e  m a c h i n e  l anguage  o p e r a t i o n s .  

A c c e s s  to  m a c h i n e  l anguage  i s  e a s y  in JOVIAL.  The  
o p e r a t o r  DIRECT s i g n a l s  the  b e g i n n i n g  and the  o p e r a t o r  
JOVIAL the  end of m a c h i n e  l anguage .  Wi th in  the  
m a c h i n e  l anguage ,  i t  was e x p e c t e d  tha t  u s e r s  would 
need  a c c e s s  to J O V I A L  (and C o m m  Pool)  de f ined  i t e m s  
and  t a b l e s .  T h u s ,  an  o p e r a t o r  was  de f ined  to give 
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a c c e s s  to these  f rom within the machine  language p a r t  of 
the  p r o g r a m .  This  ope ra to r  was cal led ASSIGN and it 
p e r m i t t e d  one to place an i t em in the accumula to r  or  the 
accumula to r  to an i tem.  The compi l e r  automat ica l ly  
took ca r e  of the shif t ing of the i t em as i t  would in no rma l  
JOVIAL s t a t emen t s .  (The sca l ing  of the accumula to r  
was specif ied by the p r o g r a m m e r  in the ASSIGN s t a t e -  
ment.  ) Actually,  the ASSIGN combined the functions 
ava i lab le  in the p seudo- in s t ruc t i ons  of SAGE shown 
above. Another  capabi l i ty  of i n t e r e s t  was cal led the 
I tem Switch. A Numer ic  switch is provided as  in IAL 
for  a s e r i e s  of b r a n c h e s  based  on no rma l ly  continuous 
in tege r  values  of an i tem.  But this  was not suff ic ient  for  
things l ike s ta tus  i t ems  which were ,  f i r s t  of al l ,  s y m -  
bol ica l ly  named where  u s e r s  could not a s s u m e  values 
for  the names .  Also, the I tem Switch could be used for  
o ther  i t em types such as c h a r a c t e r  s t r i n g s ,  which can 
have quite r andom values.  

2 .5  Language Design Methodology 

The p r i m a r y  technical  d r iv ing  forces  for  JOVIAL a r e  
quite c lear .  Given that  the bas i c  s t r u c t u r e  would be tha t  
of IAL, the  m a j o r  quest ion was what would have helped 
in the p r o g r a m m i n g  of SAGE, s ince  it  was a s s u m e d  that  
the p r o g r a m m i n g  of SACCS would have a s i m i l a r  se t  of 
p rob lems .  These  included the use of a l a rge  n u m b e r  of 
people,  d i f fe rent  types of data ,  more  logic opera t ions  
than  calculat ion,  need for  i t em packaging to save  space 
and access  ce r t a in  machine  r e g i s t e r s ,  etc.  Fo r  exam-  
ple on the SAGE compute r  t he re  was no f loating point 
a r i t hme t i c .  Every th ing  was fixed point. So, al though 
the SACCS compute r  had f loat ing point,  it was a s sumed  
that  fixed point a r i t h m e t i c  would be useful  for  i t  as well. 
Other  m a j o r  inf luences  were  those  things found n e c e s -  
s a r y  to p r o g r a m  the compi le r  i tself .  That  was the 
source  of mos t  of the ea r ly  modif icat ions  to the language. 
Other  ideas  came f rom ea r ly  u s e r s  who were  beginning 
to use the language. They d i s cus sed  and wrote about 
p r o b l e m s  that  they had found in using the language. 

It would be quite an ex t r eme  exaggera t ion  to say that  a 
s t r i c t  methodology o r  cont ro l  sys t em was used in deve l -  
oping the JOVIAL language. As s ta ted  e a r l i e r ,  much of 
the development  came  f rom innovat ion when needs  were  
recognized.  Most  p rob lems  were r e so lved  by adding to 
o r  modifying the language. Many p rob lem reso lu t ions  
had as a goal the obviat ion of the need to r e s o r t  to 
machine  language. This  mode of working led to some 
ex t r eme ly  fas t  dec i s ions ,  some awkward syntax,  some 
diff icul t ies  for  the c o m p i l e r s ,  but a quite p r a c t i c a l  and 
usable  language. 

The bas i c  approach  was e s sen t i a l ly  as de sc r ibed  before .  
The base  language was chosen,  and it  was ini t ia l ly  
imp lemen ted  in a va r i e ty  of p r o c e s s o r s .  Compi le r  work 
was begun with a min imal  form of the language. Data 
Definit ions were  added for  the total  range  of data that  
was to be needed both for  the  compi l e r  and for  the appl i -  
cat ion s y s t e m s . .  As t ime  went on, modi f i e r s  and o ther  
f o r m s  were  added as  the  need a rose .  The language 
continued to evolve for  some y e a r s  t h e r e a f t e r ,  both  

within the o r ig ina l  effor t  and in Cal i fornia  and o ther  
p laces  as the language was used e l sewhere .  

3. A POSTIERI EVALUATION 

It  is  always diff icult  to provide an accu ra t e  object ive  
account  of a p roduc t ' s  s u cce s s  o r  f a i lu re  (even when 
one ' s  name  i s n ' t  d i r ec t ly  involved).  This  is  t rue  for  
many r e a s o n s ,  including the fact  tha t  nothing is eve r  
absolu te ly  good or  bad. But the following a t t empts  to 
p r e s e n t  a r ea sonab le  a s s e s s m e n t  of JOVIAL's  effect  on 
the world. 

3 .1  Meet ing of Object ives  

In genera l ,  i t  s e e m s  that  JOVIAL met  i t s  goals .  T h e r e  
have been  a l a rge  n u m b e r  of s y s t e m s  of many types 
produced using JOVIAL. Most  of t he se  have been  for  
a r e a s  which up until  the t ime  when JOVIAL was deve l -  
oped were  not thought p r o g r a m m a b l e  in o the r  than 
mach ine  language.  

F o r  the f i r s t  decade of use t h e r e  were  r ea l ly  n e v e r  very  
many se r ious  compla in ts  about the language capabi l i ty  
(af ter  the f i r s t  y e a r  or  two of development) .  The diffi-  
cu l t ies  and the compla in t s  tended to be l a rge ly  the r e s u l t  
of ea r ly  implemen ta t ions .  The ea r ly  c o m p i l e r s  were ,  
to  put i t  mildly,  not  very  r e l i ab le .  They were  
e x t r e m e l y  slow. The f i r s t  compi l e r  on the 709 took 
e ight  hours  to compile  i tself .  In those  days the p r o b a -  
b i l i ty  tha t  one could compile  for  eight  s t r a igh t  hours  
and get a p rope r ly  punched b ina ry  deck for  output was 
l e s s  t h a n .  5. Of course  th is  s lowness  was a lso  r ecog-  
nized when compil ing o ther  s i zeab le  p r o g r a m s .  This ,  
combined with the fact  tha t  the compi l e r  might  produce 
e r r o n e o u s  r e s u l t s ,  could dampen even the mos t  a rden t  
en thus i a sm.  But even with these  kinds of p r o b l e m s ,  
t h e r e  was l i t t le  d r ive  on the p a r t  of ea r ly  u s e r s  to 
d i s a s s o c i a t e  t h e m s e l v e s  f rom the use  of the language.  
R a t h e r  s t rong  s t a t e m e n t s  were  used to point  out com-  
p i l e r  p r o b l e m s ,  but  once many of the ea r ly  dif f icul t ies  
were  ove rcome  with the c o m p i l e r  the language was 
cons ide red  quite sa t i s fac to ry .  

Ano the r  i n t e r e s t i ng  fact  was pointed out by someone  
r e s p o n s i b l e  for  teaching ea r ly  u s e r s  how to use the 
language (Rizzo 1962). The in i t ia l  capabi l i ty  d idn ' t  
p rovide  much tu to r ia l  a s s i s t a n c e ,  so' tha t  l ea rn ing  of 
the language was not easy  and the  documenta t ion,  
al though i t  improved  with t ime ,  wasn ' t  the be s t  for  
beg inne r s .  But  those  who were  r e s p o n s ib l e  for  t r a i n -  
ing and c r i t i c i zed  th is  lack of good teaching aides a lso  
pointed out that  once people got ove r  the hurd le  of 
l ea rn ing  JOVIAL the re  were  ve ry  few ques t ions  and 
ve ry  few p r o b l e m s  in us ing what they lea rned .  Most  
people found the language r e l a t ive ly  easy  to r e t a in  and 
use  for  everyday  work. 

The fact  tha t  the SAC organ iza t ion  under  Colonel 
Wil l iam Shirey in Omaha (the f i r s t  non-SDC u s e r s )  
continued to use  the language on a fa i r ly  heavy b a s i s ,  
despi te  some ea r ly  tough going, was c r i t i c a l  in keeping 
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the  J O V I A L  l anguage  a l i ve .  T h i s  led  to a n  even tua l  
s p r e a d  of u se  in  the  A i r  F o r c e .  I t  i s  a l so  t r u e  t h a t  i t s  
u s e  s p r e a d  wi thout  s u p p o r t  f r o m  nay  m a j o r  m a n u f a c -  
t u r e r .  A l m o s t  a l l  the  J O V I A L  c o m p i l e r s  t h a t  w e r e  
p r o d u c e d  unt i l  t he  m i d - l a t e  1960s w e r e  done u n d e r  c o n -  
t r a c t  to a g o v e r n m e n t  agency  f o r  a spec i f i c  s y s t e m .  
M a n u f a c t u r e r s  w e r e  evo lv ing  COBOL and FORTRAN at  
t ha t  t ime .  Of c o u r s e  a n u m b e r  of o t h e r  l a n g u a g e s  w e r e  
a l s o  in d e v e l o p m e n t  in  the  p e r i o d  f r o m  1960-1965,  s u c h  
a s  MAD, NELIAC,  ALGOL 60, SNOBOL, JOSS, and 
h u n d r e d s  of o t h e r s .  But  JOVIAL m a i n t a i n e d  i t s  p r o g -  
r e s s  d u r i n g  t ha t  pe r i o d .  

The  o b j e c t i v e  of m o v i n g  J O V I A L - c o d e d  p r o g r a m s  and  the  
c o m p i l e r s  f r o m  c o m p u t e r  to c o m p u t e r  was  p a r t i a l l y  me t .  
The  in i t i a l  e f fo r t  in  New J e r s e y  p r o v i d e d  c o m p i l e r s  f o r  
two c o m p u t e r s  f o r  the  s a m e  l anguage  a l m o s t  s i m u l t a n e -  
ous ly .  When one  moved  a p r o g r a m  f r o m  a c o m p u t e r  
with  s ix  c h a r a c t e r s  in  a word  to  a n o t h e r  which  had  e i g h t -  
c h a r a c t e r  w o r d s ,  the  f a c t  t ha t  the  e a r l y  c o m p i l e r s  d i d n ' t  
p r o v i d e  fo r  c h a r a c t e r  s t r i n g  i t e m s  of m o r e  t han  one 
word  in l eng th  c e r t a i n l y  m a d e  the  p o r t a b i l i t y  i m p e r f e c t .  
S i m i l a r  r e s u l t s  o c c u r r e d  b e c a u s e  of the  r e s t r i c t i o n s  on 
s c a l e d  f ixed po in t  i t e m s .  Howeve r ,  c o n s i d e r i n g  the  type  
of p r o g r a m m i n g  which  was p e r m i t t e d  (much  m o r e  v a r i -  
ab le  t han  p o s s i b l e  wi th  FORTRAN),  p o r t a b i l i t y  was  
r e a s o n a b l e .  I ' m  not  s u r e  t h a t  i t  had too m u c h  e f fec t  on 
the  u l t i m a t e  s u c c e s s  o r  f a i l u r e  of the  l anguage .  Mos t  
u s e r s  t ended  to p r o g r a m  fo r  a m a c h i n e  and s t ay  with i t  
on t ha t  m a c h i n e .  I t  i s  t r u e  t h a t  v e r y  few JOVIAL c o m -  
p i l e r s  hand led  the  s a m e  v e r s i o n  of the  l anguage .  A f t e r  
the  J2  e f fo r t ,  m o s t  o t h e r s  p r o d u c e d  d i f f e r e n t  s u b s e t s  
of  J3.  

The  o b j e c t i v e s  f o r  JOVIAL tha t  w e r e  s e t  o r i g i n a l l y  w e r e  
not  changed .  The  f l ex ib i l i t y  and p o w e r  of the  l anguage  
con t inued  to be  o b j e c t i v e s  t h r o u g h o u t  and  w e r e  r e a s o n -  
ab ly  wel l  s a t i s f i e d .  In fac t ,  as  peop le  deve loped  the  
l anguage  f u r t h e r  t h e r e  w e r e  ac tua l l y  s o m e  r e s t r i c t i o n s  
pu t  in t ha t  d id  not  e x i s t  in  the  e a r l y  v e r s i o n .  T h e s e  
i nc luded  r e s t r i c t i o n  to equa l  types  f o r  f o r m a l  and 
e n t r a n c e  p a r a m e t e r s  of p r o c e d u r e s .  R e s t r i c t i o n s  on the  
s t e p - f a c t o r  of the  FOR S t a t e m e n t  we re  i m p l e m e n t e d  in 
s o m e  l a t e r  v e r s i o n s .  

3 . 2  C o n t r i b u t i o n s  of the  Language  

I t  i s  h a r d  to s ay  what  c o n t r i b u t i o n  to p r o g r a m m i n g  t e c h -  
nology in g e n e r a l  o r  to o t h e r  l a n g u a g e s  JOVIAL a c t u a l l y  
made .  

T h e r e  a r e  a n u m b e r  of l a n g u a g e s  which  con t a i n  s o m e  of 
the  c a p a b i l i t i e s  o r  c h a r a c t e r i s t i c s  of JOVIAL.  Mos t  
o f ten  they  a r e  in  a d i f f e r e n t  f o r m a t  and  excep t  f o r  c e r -  
t a i n  s i t u a t i o n s  i t ' s  not  p o s s i b l e  to  d i r e c t l y  r e l a t e  t ha t  
l anguage  to JOVIAL i t se l f .  A good e x a m p l e  of  t h i s  is  
P L / I .  JOVIAL knowledgeab le  r e v i e w e r s  of P L / I  when  
i t  was  f i r s t  deve loped  po in ted  out  t ha t  m a n y  of the  c h a r -  
a c t e r i s t i c s  of JOVIAL had  b e e n  adopted  in P L / I .  How- 
e v e r ,  t h e r e ' s  no of f ic ia l  a c k n o w l e d g e m e n t  of the  u s e  of 
JOVIAL as  one of the  b a s e s  fo r  P L / I  to  my  knowledge.  

N e v e r t h e l e s s  J O V I A L  had  th ings  to o f f e r  and,  w h e t h e r  
d i r e c t l y  o r  i n d i r e c t l y ,  shou ld  have  c o n t r i b u t e d  s o m e -  
t h ing  to the  t echno logy .  I t  was  one of the  f i r s t  s y s t e m  
p r o g r a m m i n g  l a n g u a g e s  and  he lped  show t h a t  l a n g u a g e s  
w e r e  capab l e  of s e r v i n g  t h a t  p u r p o s e .  It  was  one of the  
e a r l y ,  if  not  the  e a r l i e s t ,  c o m p i l e r s  coded c o m p l e t e l y  
in  i t s  own l anguage .  I t  p r o v i d e d  fo r  da ta  s t r u c t u r e s ,  
t y p e s ,  and  o p e r a t i o n s  tha t  p e r m i t t e d  p r o g r a m m i n g  ou t -  
s i de  t he  r e a l m  of the  s t r i c t l y  c o m p u t a t i o n a l .  I t  was  e v e n  
p o s s i b l e  to u se  i t  fo r  c o m m e r c i a l  p r o g r a m m i n g .  
Al though  c e r t a i n  p r o b l e m s  o c c u r r e d  in  the  e a r l y  v e r -  
s i o n s  wi th  r o u n d i n g  and  r e p o r t  f o r m a t t i n g ,  JOVIAL was  
u s e d  f o r  the  p r o g r a m m i n g  of a wide v a r i e t y  of s y s t e m s .  
I t  p r o v i d e d  fo r  a c c e s s  to  s u b p a r t s  of e l e m e n t s  and  
w o r d s ,  wh ich  in e a r l y  c o m p u t e r s  with  s m a l l  m e m o r i e s  
was  v e r y  i m p o r t a n t ,  and  i s  s t i l l  va luab l e  today  f o r  a 
v a r i e t y  of t h ings .  I t  was a l anguage  r e a l l y  a i m e d  a t  
f l e x i b i l i t y  and n o n - c o n s t r a i n t  on the  p r o g r a m .  T h e s e  
w e r e  a l l  c o n t r i b u t i o n s  and  v a l u a b l e  f a c t o r s  f o r  the  
peop le  who used  it.  They  have  he lped  m a i n t a i n  the  
l a n g u a g e ' s  u se  fo r  a l eng thy  p e r i o d ,  a l though  the  i n i t i a l  
i n t e n t  of the  l anguage  was ac tua l l y  i n t ended  fo r  only  one 
s p e c i f i c  s e t  of u s e r s  and  a s i n g l e  s y s t e m .  

T h e r e  have  b e e n  qu i te  a few v e r s i o n s  of JOVIAL.  I 
d o n ' t  know t h e m  a l l  and  wi th in  e a c h  v e r s i o n  t h e r e  we re  
v a r i a t i o n s  wi th  d i f f e r e n t  i m p l e m e n t a t i o n s ,  s o  t h a t  t h e r e  
i s  un l ike ly  to b e  a c o m p r e h e n s i v e  l i s t  of a l l  the  c a p a -  
b i l i t i e s  t h a t  a c t u a l l y  w e r e  in e a c h  v e r s i o n .  A l i s t  of 
the  n a m e s  fo r  d i f f e r e n t  v a r i e t i e s  o r  v e r s i o n s  of JOVIAL 
inc ludes :  J 0  (Olson,  P e t e r s e n ,  S c h w a r t z  1960), J - l ,  
J1 ,  J2  (Schwar tz  and Howell  1961), J3  (Shaw 1961; 
Shaw 1964), and  J 3 B  ( D e p a r t m e n t  of the  A i r  F o r c e  1967). 
T h i s  was  the  o r i g i n a l  A i r  F o r c e  s t a n d a r d  v e r s i o n ,  J3  
b e i n g  the  v e r s i o n  d e v e l o p e d  in  C a l i f o r n i a  in  p a r a l l e l  wi th  
the  d e v e l o p m e n t  of J2  in New J e r s e y  fo r  the  SACCS c o n -  
t r a c t .  O t h e r  v e r s i o n s  i nc luded  J4 ,  J5 ,  and  J 5 . 2 ,  the  
l a t t e r  two b e i n g  ou tg rowths  of a v e r s i o n  c a l l e d  B a s i c  
JOVIAL ( P e r s t e i n  1968), which  was a c t u a l l y  an  a t t e m p t  
to  p r o v i d e  a work ing  v e r s i o n  with a f a s t  c o m p i l e r .  ( F o r  
e x a m p l e ,  i t  d i d n ' t  inc lude  f ixed po in t  a r i t h m e t i c ) .  T h i s  
was  d e v e l o p e d  b e c a u s e  of the  c r i t i c i s m  of the  s l o w n e s s  
of the  c o m p i l e r .  B a s i c  JOVIAL was  i t s e l f  d e r i v e d  f r o m  
a n  e x p e r i m e n t a l  v e r s i o n  ca l l ed  JX2 (deve loped  in 1961), 
wh ich  r i v a l e d  o t h e r  c o m p i l e r s  in  speed  but  d id  not have  
enough  l anguage .  When t i m e s h a r i n g  c a m e  in  the  e a r l y  
1960s ,  a n o t h e r  i n t e r p r e t i v e  v e r s i o n  of a s u b s e t  of 
JOVIAL was p r o d u c e d .  It  had  l anguage  c a p a b i l i t y  s i m i -  
l a r  to JOSS (if not  the  e l e g a n c e )  in  t ha t  i t  p r o v i d e d  fo r  
a r i t h m e t i c ,  f o r m a t t i n g ,  s i m p l e  t e r m i n a l  i n p u t / o u t p u t ,  
and o t h e r  c a p a b i l i t i e s  u se fu l  f o r  i n t e r a c t i v e  u s e r s .  Tha t  
was  a v e r s i o n  of JOVIAL which  had  qu i te  d i f f e r e n t  o b j e c -  
t i v e s  t han  the  o r i g i n a l  s y s t e m  p r o g r a m m i n g  l anguage .  
T h i s  v e r s i o n  was c a l l e d  TINT and was d e s c r i b e d  in  a 
p a p e r  a t  t he  1965 I F I P  C o n f e r e n c e  (Schwar tz  1965). 

Al though  the  p r e c e d i n g  r e f e r e n c e s  to the  va r i ous  v e r -  
s i o n s  of JOVIAL m a y  a p p e a r  r a t h e r  m i n d - b o g g l i n g ,  i t  
i s  a c t u a l l y  p r o b a b l y  an  u n d e r s t a t e m e n t .  With the  e x c e p -  
t ion  of  s o m e  A i r  F o r c e  s p o n s o r e d  v e r s i o n s  of J3 ,  l i t t l e  
c o n t r o l  was  e x e r c i s e d  o v e r  the  l anguage .  So, f o r  
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r e a s o n s  of i m p l e m e n t a t i o n  p r e s s u r e ,  c o m p u t e r  
i d i o s y n c r a s i e s ,  p a r t i c u l a r  needs  o r  l ack  of n e e d s ,  and 
ind iv idua l  cho ice ,  one  wil l  no te  d i f f e r e n c e s  wi th in  
" v e r s i o n s "  as  wel l  as  a m o n g  d i f f e r e n t  ones .  New v e r -  
s i o n s  w e r e  s o m e t i m e s  l a b e l e d  a f t e r  c o m p i l e r s  w e r e  
deve loped .  However ,  the  m a j o r  a s p e c t s  g e n e r a l l y  w e r e  
i m p l e m e n t e d ,  and t h e r e  was " n e a r - c o m p a t i b i l i t y "  in  
m o s t  v e r s i o n s .  

J O V I A L  has  s e r v e d  as  a d i r e c t  c o n t r i b u t o r  to  a t  l e a s t  
s e v e r a l  l a n g u a g e s .  One l anguage  which  i s  in  u s e  today  
in E u r o p e  i s  CORAL (Woodward  and  W e t h e r a l l  1970). 
Many  of  the  i n i t i a l  c o n c e p t s  fo r  CORAL w e r e  t a k e n  f r o m  
the  J O V I A L  of the  e a r l y  1960s.  A l anguage  which  h a s  
b e e n  u sed  by  C o m p u t e r  S c i e n c e s  C o r p o r a t i o n  fo r  m u c h  
of  i t s  s y s t e m s  p r o g r a m m i n g  work  i s  ca l l ed  SYMPL.  I t  
c o n s i s t s  of e l e m e n t s  of JOVIAL and FORTRAN and s o m e  
o t h e r  p r o p e r t i e s  deve loped  a t  CSC. SPL,  a Space  P r o -  
g r a m m i n g  L a n g u a g e  which  was deve loped  by  the  A i r  
F o r c e  Space  C o m m a n d  s o m e  y e a r s  ago,  was  b a s e d  to a 
l a r g e  e x t e n t  on the  e x p e r i e n c e  wi th  JOVIAL.  O t h e r s ,  
s u c h  as  CMS II u s e d  by  the  Navy and  p e r h a p s  P L / I  as  
s t a t e d  b e f o r e ,  have  had  e i t h e r  a d i r e c t  o r  s o m e  i n d i r e c t  
r e l a t i o n s h i p  wi th  JOVIAL.  

In the  e a r l y  1970s a g r o u p  was f o r m e d  by  the  A i r  Staff  
u n d e r  Leo  B e r g e r  to  p r o d u c e  a new s t a n d a r d  v e r s i o n  of 
JOVIAL.  T h e y  deve loped  a s p e c i f i c a t i o n  f o r  a l anguage  
c a l l e d  J73  ( D e p a r t m e n t  of D e f e n s e ,  da te  unknown).  
T h e r e  have  b e e n  s e v e r a l  i m p l e m e n t a t i o n s  of i t ,  and  i t  
is  b e i n g  u sed  on  a v a r i e t y  of c o m p u t e r s  at  the  p r e s e n t  
t i m e .  T h i s  is  the  f i r s t  v e r s i o n  which ,  by  d e s i g n ,  is  no t  
u p w a r d - c o m p a t i b l e  wi th  o t h e r  v e r s i o n s .  Some  v e r s i o n  
of  JOVIAL,  o r  s e v e r a l  v e r s i o n s  of JOVIAL in  s o m e  
c a s e s ,  have  e x i s t e d  on j u s t  about  e v e r y  m a j o r  m a n u f a c -  
t u r e r ' s  c o m p u t e r s  and s o m e  l e s s  w e l l - k n o w n  c o m p u t e r s  
o v e r  the  y e a r s .  A m i n i m u m  of t en  c o m p a n i e s  have  
p r o d u c e d  J O V I A L  c o m p i l e r s .  

JOVIAL was adopted  in  the  m i d - 1 9 6 0 s  a s  a s t a n d a r d  l a n -  
guage  ( D e p a r t m e n t  of the  A i r  F o r c e  1967) f o r  the  A i r  
F o r c e  and t h a t ' s  w h e r e  m o s t  of i t s  u s e  ha s  b e e n .  I t  a l s o  
was  fo r  a s h o r t  p e r i o d  of t i m e  adopted  by  one p a r t  of 
t h e  Navy (NAVCOSSAT). T h i s  a d a p t a t i o n  of JOVIAL fo r  
the  Navy was done  on the  b a s i s  of a c o m p a r a t i v e  s tudy  
c o m p a r i n g  JOVIAL,  a n u m b e r  of o t h e r  l a n g u a g e s ,  and  
m a c h i n e  l anguage .  However ,  t h e r e  w e r e  a n u m b e r  of 
c r i t i c i s m s  of the  p a r t i c u l a r  s tudy ,  and the  f u t u r e  of 
J O V I A L  in the  Navy b e c a m e  s o m e w h a t  t enuous .  (An 
i n t e r e s t i n g  s i d e - l i g h t  to  t h a t  p a r t i c u l a r  s tudy  was the  
f a c t  t ha t  the  f i r s t  t i m e  i t  was  r u n  the  m a c h i n e  l anguage  
v e r s i o n  of the  p r o g r a m  was a s s u m e d  to be  the  b a s e  wi th  
which  to c o m p a r e  o t h e r  l a n g u a g e s '  e f f i c i ency  and  s i ze .  
Bu t  the  m a c h i n e  l anguage  p r o g r a m  a c t u a l l y  c a m e  out  
w o r s e  in t h e s e  r e s p e c t s  t han  s o m e  of the  h i g h e r  l eve l  
l a n g u a g e s  involved .  T h i s  c a u s e d  the  p e o p l e  r e s p o n s i b l e  
f o r  the  s tudy  to r e r u n  it .  Mach i ne  l anguage  f a r e d  b e t t e r  
the  s e c o n d  t ime .  ) 

In 1961, m e m b e r s  of the  Rand  C o r p o r a t i o n  conduc t ed  a 
s tudy  to c o m p a r e  JOVIAL wi th  FORTRAN to s e e  if  
J O V I A L  o r  any  l a n g u a g e  r e a l l y  m e r i t e d  b e i n g  u s e d  as  a 
C o m m a n d  and C o n t r o l  l anguage  at  the  t i m e .  T hd  ac tua l  

t e s t  c o n s i s t e d  of s e v e n  p r o b l e m s ,  f ive  of which  u t i l i z e d  
m u l t i - d i m e n s i o n a l  a r r a y s  wi th in  s e v e r a l  s t a t e m e n t s .  
The  b a s i s  of the  t e s t  was  to s e e  how wel l  t h e s e  would 
b e  compi l ed .  FORTRAN won h a n d s o m e l y  on a l l  of t he  
a r r a y  p r o b l e m s  wi th  r e s p e c t  to  g e n e r a t e d  code.  

J O V I A L  c o m p a r e d  f a v o r a b l y  on the  n o n - m a t r i x  p r o b -  
l e m s .  J O V I A L  was m u c h  w o r s e  in  c o m p i l a t i o n  t i m e ,  
which  d i d n ' t  he lp  i t s  c a u s e .  In any  e a s e ,  b a s e d  on t h a t  
e x p e r i m e n t ,  wh ich  s e e m e d  i n a d e q u a t e  f o r  the  c h o o s i n g  
of a C o m m a n d  and C o n t r o l  l anguage ,  the  peop le  do ing  
t he  s tudy  r e c o m m e n d e d  t h a t  no  l anguage  be  adop ted  fo r  
C o m m a n d  and  Con t ro l  u s e  a t  t h a t  t i m e .  T h e  m a i n  t h i n g  
p r o v e n  by  s o m e  of t h i s  is  t ha t  we h a v e n ' t  m a s t e r e d  the  
a r t  of c o m p a r a t i v e  s t u d i e s .  The  c o n c l u s i o n  m a y  have  
b e e n  r i g h t ,  bu t  i t  a l w a y s  s e e m e d  to m e  t h a t  if  so ,  i t  
was  in  s p i t e  of the  m e t h o d  u s e d  to  r e a c h  it .  ( H a v e r t y  
and  P a t r i c k  1963. ) 

J O V I A L  has  b e e n  u s e d  b y  a v a r i e t y  of s e r v i c e s  and  
s o m e  o t h e r  o r g a n i z a t i o n s ,  i nc lud ing  the  FAA,  the  A i r  
F o r c e  (of c o u r s e ) ,  t he  Navy (for  s o m e  th ings  and  a 
v a r i e t y  of r e s e a r c h  and  s y s t e m  p r o j e c t s ) .  

S ince  the  e a r l i e s t  v e r s i o n s  of JOVIAL,  the  m o s t  s i g n i f i -  
c a n t  c h a n g e s  t h a t  have  b e e n  added  a r e  in  the  a r e a  of 
i n p u t / o u t p u t .  T h e r e  a r e  now a n u m b e r  of i n p u t / o u t p u t  
c o m m a n d s  in  t he  l anguage .  D y n a m i c  c o n t r o l  of da ta  
a l l o c a t i o n  h a s  b e e n  e n t e r e d  t h r o u g h  da t a  s t r u c t u r e  
d e f i n i t i o n s ,  and  p o i n t e r s  have  b e e n  added  in  J73 .  Some  
s y n t a x  i m p r o v e m e n t s  h a v e  b e e n  p r o v i d e d  in  the  l a n -  
guage ,  p a r t i c u l a r l y  in  the  da ta  de f in i t i on  a r e a  and in  
s o m e  of the  m o d i f i e r s .  Some  types  have  b e e n  p u r i f i e d  
to a c e r t a i n  ex ten t .  O r i g i n a l l y ,  a r r a y s  and  t a b l e s  w e r e  
s e p a r a t e .  F o r  e x a m p l e ,  when  one  de f ined  a n  a r r a y  he 
c o u l d n ' t  i n c lude  i t e m s ,  and  a r r a y s  c o u l d n ' t  b e  p a r t  of 
t a b l e s .  T h a t  ha s  b e e n  changed .  T h e r e  a r e  a n u m b e r  
of o t h e r  c h a n g e s  which  have  t a k e n  p l ace .  Many  of the  
key  o n e s ,  of c o u r s e ,  a r e  b e i n g  i m p l e m e n t e d  in  J73.  

3 . 3  M i s t a k e s  a n d / o r  O m i s s i o n s  

T h e  f i r s t  m a j o r  o m i s s i o n  wh ich  c o n s t r a i n e d  the  use  of 
J O V I A L  c o n s i d e r a b l y  was i t s  l a ck  of i n p u t / o u t p u t .  T h i s  
of  c o u r s e  was  a c t u a l l y  a p l a n n e d  o m i s s i o n  f r o m  the  
b e g i n n i n g .  Bu t  i t s  u s e  for  s y s t e m s  o t h e r  t h a n  l a r g e  
s y s t e m s  w h e r e  i t  i s  a s s u m e d  tha t  j u s t  one o r  s e v e r a l  
r o u t i n e s  would s e r v i c e  a l l  i n p u t / o u t p u t  i s  of c o u r s e  
d i m i n i s h e d  by  t h i s  l a c k  of i n p u t / o u t p u t  f o r  i nd iv idua l  
p r o g r a m s .  The  l a ck  of f o r m a t t i n g  and the  ab i l i t y  to 
output  o r  input  by  f o r m a t  o r  o t h e r  c o n v e n i e n t  m e a n s  
(which  i s  s t i l l  an  of f ic ia l  o m i s s i o n  f r o m  the  l anguage)  
ha s  kep t  the  l anguage  at  a r m s  l e n g t h  fo r  m a n y  a p p l i c a -  
t i o n s .  A c t u a l l y  f o r m a t t i n g  ha s  b e e n  i m p l e m e n t e d  in a t  
l e a s t  a few v e r s i o n s .  One which  i nc luded  f o r m a t t i n g  
was  the  i n t e r p r e t i v e  v e r s i o n  c a l l e d  TINT (Schwar t z  
1965). T h a t  was  e s s e n t i a l  fo r  i t  to o p e r a t e  a s  a n  i n t e r -  
a c t i v e  u s e r  o r i e n t e d  l anguage .  J O V I A L  s y n t a x  a w k w a r d -  
n e s s  in  c e r t a i n  a r e a s  p r o b a b l y  d i d n ' t  a f f ec t  i t s  use  f r o m  
the  po in t  of v iew of t h o s e  who s t a r t e d  u s i n g  the  l anguage  
but  he lped  keep  c e r t a i n  c o m m u n i t i e s  u n i n t e r e s t e d  in the  
l a n g u a g e .  The  e a r l y  i m p l e m e n t a t i o n  p r o b l e m s ,  p a r t i c -  
u l a r l y  the  s p e e d  and  s i z e  of the  i n i t i a l  c o m p i l e r s ,  wh ich  
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were 50,000 or  more  instructions,  helped keep down any 
overwhelming use that might have occurred otherwise.  
To a great  extent these implementat ion problems were 
due to the fact that features which made compiling diffi-  
cult were somet imes  added with reck less  abandon. And, 
of course,  the lack of efficiency in cer ta in  a r e a s - -  
par t icular ly  mult i -dimensional  a r r a y s - - r e s t r i c t e d  its 
application by programs which required them. It is 
unlikely that much in teres t  would have been generated 
in JOVIAL for programming outside of its major  areas  
of current  use even if it had been much improved in 
these areas .  Other languages such as FORTRAN and 
COBOL are  accepted for programming these problems.  

3.4 Problems and Trade-Offs  

The hurry-up mode in the ear ly  vers ions  created incom- 
patibil i t ies among different vers ions ,  par t icular ly  those 
separated geographically and those developed by different  
groups. And, of course,  this detracted f rom portabil i ty 
among versions.  The overa l l  emphasis  was for f lexi-  
bi l i ty and general i ty of the language, which in turn led to 
a var ie ty  of implementation problems.  This caused 
rel iabi l i ty ,  speed, and code generat ion difficulties.  But 
the t rade-off  was made. There  is a question whether in 
the long run it was a bad trade-off .  The flexibil i ty and 
the general i ty were probably worth some init ial  difficul- 
t ies .  Time for implementation was always a problem in 
this development. The language was defined rapidly,  
and the compilers  were written quickly. There  wasn' t  
a lot of planning by the individuals and the managers  
concerned, but I think to some extent that this hurrying 
was as much a question of personal i t ies  as p ressure .  
The people who were involved liked to do things in a 
hurry,  were  not very  academical ly  o r  r e sea rch  oriented,  
and they liked to see things run (typical system pro-  
g rammers ) .  So I somet imes  wonder if there  hadn't been 
imposed deadlines (which i n m a n y  cases  of course  were 
missed anyway} whether the people would have done a 
significantly more studious effort. (I 'm cer ta in  that the 
tendency to "produce" ra ther  than "study" is t rue for 
me, who was responsible through J2. } 

4. IMPLICATIONS FOR CURRENT AND FUTURE 
LANGUAGE 

Certainly,  whether or  not d i rec t ly  a st imulus,  the work 
that went on in the early JOVIAL is now represented in 
a var ie ty  of ways. System programming  languages are  
quite common. Complex data definition capability in a 
var ie ty  of languages cer ta inly is not unusual today. 
Much of the sys tem programming language work today 
is based to a large  extent on PL / I ,  but it is also based 
on other  languages as well. This concept within JOVIAL 
did prove feasible and valuable. 

The original JOVIAL work was not a commit tee  effort.  
There  were re la t ively  few people who actually helped 
design the language. Most of the people involved hadn't 
done this kind of work before  and were basical ly  imple-  
mentors ,  or p rogrammers .  The fact that it wasn't  a 
commit tee  effort  in many ways created the posi t ive 
charac te r i s t i c s  of the language as well as some of its 

negative ones. The language did maintain its original 
object ives ,  and its major  charac te r i s t i c s  remained 
fa i r ly  consistent  throughout its ear ly  development. 
Perhaps  the influence of others who had some bet ter  or 
more  exper ience in this area  could have been valuable, 
but it is also quite possible that with a var ie ty  of other 
contr ibutors ,  it would have lost  some of its f lavor.  For  
init ial  efforts on language design, an individual driving 
effort  is probably a good idea. 

I 'm  not cer ta in  what the future of JOVIAL is. The 
Department  of Defense is t rying to standardize once and 
for  all  on a language. This is one of those efforts wMch 
is  going to take a long t ime to resolve.  Meanwhile 
JOVIAL i tself  is being implemented and used for a num- 
ber  of projects .  It has of course  much more  competi-  
tion now in the a reas  for which it was intended. Also, 
competit ion f rom entrenched languages like COBOL and 
FORTRAN for  things outside of what a re  typically 
JOVIAL applications,  or  considered to be JOVIAL 
applications,  is much too intense to assume that i t ' l l  
ever  go beyond that. I t ' s  probably more likely that it 
will continue to have about the same percentage of use 
in the world as it has had until now. Hopefully, it will 
have influenced the Department  of Defense standard 
language which is eventually chosen to some degree.  
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