
S e p t e m b e r  1961  

ALGOL BULLETIN SUPPLEMENT N o .  16 

T h e  S t r u c t u r e  o f  F o r m u l a  - T r a n s l a t o r s  

( Theore t ica l  Investigation of T r a n s l a t o r s  ) 

by P. LUCAS S 

Introduction, 

The r e s e a r c h  r e p o r t e d  in this paper  has been made p o s s i b l e  

through the support  and sponsorship  of the United States Government.  

This  ~Agol Bulletin Supplement is a r e p r i n t  of a par t  of the 

Final  Report  DA - 91 - 591-  EUC-  1430 "An Extension of the Algori thmic 

L a n g u a g e  ALGOL" and, therefore ,  has the headlines and the page -  

numbering of this  repor t ,  The same text has appeared  also in German 

in the August 1961 issue  of ° 'Elektronische Rechenanlagen" (Munich).  

|MAILt~FTERL0 Vienna IV. Gus s haus s t r a s s e  25 



I , I  - ]  


i ,  1 T h e o r e t i c a l  I n v e s t i g a t i o n  of T r a n s l a t o r s  

1 .10  S t a t e m e n t  of the  P r o b l e m  

T h e  fo l l owing  paper i s  i n t ended  to show a m e t h o d  how to d e r i v e  the  

s t r u c t u r e  of a t r a n s l a t o r  on the  b a s i s  of the  s y n t a c t i c  d e f i n i t i o n s  of 

t he  p r o g r a m m i n g  l a n g u a g e .  

! ,  101 I n t r o d u c t i o n  

T h i s  p a p e r  was  w r i t t e n  in  the  c o u r s e  of d e s i g n i n g  a t r a n s l a t o r  fo r  

the  a l g o r i t h m i c  f o r m u l a  l a n g u a g e  A L G O L  60 C2J . B e s i d e s  t h i s  it  

i s  b a s e d  on  the  work  done by  F . L .  B A U E R  and K. SAMEL~ON E3~ 

T h e  m e t h o d  d e v e l o p e d  c a n b e  app l i ed  to a n y  g i v e n  p r o g r a m m i n g  

l a n g u a g e  wh ich  s a t i s f i e s  c e r t a i n  c o n d i t i o n s ,  and which  i s  s t a t e d  

wi th  the  he lp  of the  t y p e s  of d e f i n i t i o n s  d e s c r i b e d  in  c h a p t e r  2 .2 .  

T h e  a d v a n t a g e  of  t h i s  m e t h o d  i s  t ha t  in  one s i n g l e  r u n  i t  c a n  d e a l  

on  the  one ~ n d  wi th  the  t r a n s l a t i o n  o f  the  p r o g r a m m i n g  l a n g u a g e  

and  on  the o t h e r  hand  wi th  the  check  of the  p r o g r a m  f o r  s y n t a c t i c a l  

c o r r e c t n e s s .  

l t 1 0 2  G e n e r a l  F e a t u r e s  of the  T r a n s l a t o r  

The  s t a r t i n g  po in t  of the  t r a n s l a t i o n  p r o c e s s  i s  t h e  p r o g r a m  s t a t e d  

in  the  p r o g r a m m i n g  l a n g u a g e  the  so  c a l l e d  s o u r c e  p r o g r a m ,  The  

a i m  of t he  t r a n s l a t i o n  i s  the  p r o g r a m  in  the  m a c h i n e  l a n g u a g e  which  

c o r r e s p o n d s  to the  s o u r c e  p r o g r a m ~  i,  e. t he  g e n e r a t e d  p r o g r a m .  

~2] R e p o r t  on the  A l g o r i t h m i c  L a n g u a g e  A L G O L  60 
C o m m .  ACM 2 ( 1 9 6 0 )  106 - 136, 

~3~ K. SAMELSONp F . L .  
C o m m ,  ACM 3 ( 1 9 6 0 )  

BAUER~ 
7 6 -  83. 
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T h e  s o u r c e  p r o g r a m  c o n t a i n s  f i r s t  the  i n f o r m a t i o n  to bc d e a l t  with 

in the f o r m  of da t a  o r  in  the  f o r m  of v a r i a b l e s  deno t ing  da ta .  

Second ly  i t  c o n t a i n s  i n s t r u c t i o n s ,  the  so c a l l e d  o p e r a t o r s ,  which  

d e f i n e  how t h e s e  v a r i a b l e s  a r e  tO be d e a l t  with.  

F u r t h e r m o r e ~  the  s o u r c e  p r o g r a m  c o n t a i n s  a d d i t i o n a l  i n f o r m a t i o n  

c o n c e r n i n g  the da t a  o r  v a r i a b l e s ,  r e q u i r e d  fo r  an  exac t  d e t e r m i n a t i o n  

of the  m e a n i n g  of i n d i v i d u a l  e x p r e s s i o n s ,  Data  and v a r i a b l e s  

c o r r e s p o n d  to a d d r e s s e s  and c o n t e n t s  of  a d d r e s s e s  in  the  g e n e r a t e d  

p r o g r a m ,  E a c h  o p e r a t o r  c o r r e s p o n d s  to a se t  of i n s t r u c t i o n s  of  

t he  g e n e r a t e d  p r o g r a m .  The  t r a n s l a t o r  c o n t a i n s  a l i s t  of t h e s e  s e t s  

of i n s t r u c t i o n s  in  wh ich  the  a d d r e s s e s  of t he  a r g u m e n t s  a r e  lef t  out.. 

T h e  t r a n s l a t o r  c a l l s  f o r  t he  se t  of i n s t r u c t i o n s  c o r r e s p o n d i n g  to an 

o p e r a t o r  and i n s e r t s  the  a d d r e s s e s  c o r r e s p o n d i n g  to the  a r g u m e n t s .  

The  r e s u l t i n g  s e t  i s  t h e n  a d d e d  to the  p r o g r a m  a l r e a d y  g e n e r a t e d .  

S ince  the  o p e r a t o r s  can  not  a lways  be c a r r i e d  out in t h e  s a m e  s e q u e n c e  

in  wh ich  they  o c c u r e d  in  the  s o u r c e  p r o g r a m ,  t h e y  m u s t  in  such  

c a s e s  be r e o r d e r e d .  

T h e  t a s k s  e n u m e r a t e d  j u s t  now a r e  t a k e n  o v e r  by s u b r o u t i n e s  of 

t h e  t r a n s l a t o r .  WhiCh s u b r o u t i n e s  a r e  to be  c a l l e d  by the  t r a n s l a t o r  

at  a c e r t a i n  m o m e n t  of  t he  t r a n s l a t i o n  p r o c e s s  i s  d e t e r m i n e d  by 

the  l a s t  c h a r a c t e r  wh ich  has  b e e n a n d  by the  his tory~ i . e .  by the  

s t a t e  of t he  t r a n s l a t o r .  The  c h a r a c t e r  wh ich  ha s  b e e n  r e a d  l a s t  

and the s t a t e  r e p r e s e n t  the  i n f o r m a t i o n  which  g o v e r n s  the  t r a n s l a t i o n  

p r o c e s s .  F o r  t h i s  r e a s o n  th i s  i n f o r m a t i o n  wi l l  b e  c a l l e d  c o n t r o l  

i n f o r m a t i o n .  The  p r e s e n t  p a p e r  d e a l s  with the  c o n t r o l  of t r a n s l a t i o n  

p r o c e s s e s .  It wi l l  be shown,  in w h i c h  w a y t h e  c o n t r o l  of  a t r a n s l a t i o n  

p r o c e s s  c an  on c e r t a i n  c o n d i t i o n s  be d e r i v e d  f r o m  the  s y n t a c t i c  

J e f i n i t i o n s  of  a p r o g r a m m i n g  l a n g u a g e .  The  m e t h o d  wi l l  be d e m o n s t r a t e d  

by m e a n s  of  examples~  .which b e l o n g  to the  l anguage  A L G O L  60. 
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1.11 Def ini t ion of T e r m s  

I. 111 Leve l s  of Language 

As fo r  a l l  a r t i f i c i a l  languages ,  it is  n e c e s s a r y  fo r  p r o g r a m m i n g  

languages  to d e s c r i b e  the language,  i . e .  to speak  about  the languag_e~ 

F o r  th is  purpose  one may  use  fo r  example  the Engl i sh  language.  

However ,  for  the d e s c r i p t i o n  of a f o r m a l i z e d  language one may  use  

ano the r  f o r m a l i z e d  language,  which is the only exact  method.  In 

o r d e r  to avoid ambigu i t i e s  and m i s u n d e r s t a n d i n g s  one m a y  use  

d i f fe ren t  symbo l s  for  the language to be d e s c r i b e d  and fo r  the 

d e s c r i p t i o n  i t se l f .  

The language that  is  to be d e s c r i b e d  is t e r m e d o b j e c t  language,  

while the language for  the d e s c r i p t i o n  of the objec t  language is 

ca l led  me ta l anguage ,  ~ 

In the c u r r e n t  case  the me ta language  i t s e l f  b e c o m e s  l ikewise  objec t  

of inves t iga t ion  and thus becomes  objec t  language.  F o r  i t s  d e s c r i p t i o n  

ano ther ,  second me ta l anguage  mus t  be in t roduced .  The f i r s t  l eve l  

me ta language  will  be ca l led  for  s h o r t  me ta l anguage  1~ t he  second 

me ta l anguage  will  be ca l led  me ta l anguage  2 o r  m e t a -  me ta language .  

1.112. Syntax 

If the d e s c r i p t i o n  of the language r e l a t e s  only to poss ib l e  groupings  

of the bas ic  symbo l s  of that  language and does not c o n c e r n  i t se l f  

with the meaning , ,  th is  d e s c r i p t i o n  is  ca l led  syntax,  

The syntax  of a language is t h e r e f o r e  unde r s tood  to m e a n  those  

def in i t ions  a n d  ru l e s  which p e r m i t  the f o r m a t i o n  of e x p r e s s i o n s  f r o m  

"the .symbols  of a language without having r e g a r d  to the m e a n i n g  of 

those  symbo l s ,  The syntax  s t a t e s  which s t r i n g s  of bas i c  symbo l s  

c o n s t i t u t e  a poss ib l e  e x p r e s s i o n  of the language and which do not, 

It does  not c o n c e r n  i t s e l f  with the quest ion,  which s t r i n g s  a r e  

meanin uL 
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1~12 The F o r m a l i s m  for  the D e s c r i u t i o n  of P r o g r a m m i n g  Languages  

1. 121 Means  o f  E x p r e s s i o n  for  the Th ree  Leve l s  of Language' 

The  objec t  language  on which th is  pape r  is  based  is ALGOL 60. The 

me ta l anguage  1 is  tha t  used  in the ALGOL 60 - Repor t  E2], The m e t a -  

language 2 is  newly def ined  in chap te r  1.1213.  

1.1211 The Object  Language : ALGOL 60 

ALGOL 60 is p r i m a r i l y  in tended  for  the d e s c r i p t i o n  of a l g o r i t h m s  

of n u m e r i c a l  m a t h e m a t i c s .  An ef for t  was made  to u t i l i ze  as much  

a s  poss ib l e  the c u s t o m a r y  m a t h e m a t i c a l  f o r m u l a  language,  which 

t h e r e f o r e  r e p r e s e n t s  the core  of ALGOL 60. The c u s t o m a r y  s y m b o l i s m  

had to be supp lemen ted  by m e a n s  of e x p r e s s i o n s  which enable an 

unambiguous  s t a t e m e n t  of the p r o c e s s  of n u m e r i c a l  evaluat ion.  

In the fol lowing a few examples  wil l  be given fo r  e x p r e s s i o n s  belonging 

to the  objec t  language;  the c o r r e s p o n d i n g  e x p r e s s i o n s  in me ta l anguage  

a r e  g iven  in b r a c k e t s  < ,  ~, > ( see  c h a p t e r  2. 12 ) : 

< integer) 506, 2 3228 

< identifier> a, P5,  a lpha,  s in 


<arithmetic expression> a + b /  c 


< Boolean expression > a < b,  X l  ^ X 3  


< assignment statement ) y :  = a +  b / c  


conditional statement > •i _ f a <  b t h e n y :  = a ÷  b / c 

ey=:a-b/c 
1. 1212 M e t a l a n g u a g e  1 : Me ta language  o f  the ALGOL 60 - Repor t  

The metalanrguage 1 s e r v e s  to def ine  the syntax  of the object  language.  

The des igna t ions  g iven  in b r a c k e t s  r e p r e s e n t  v a r i a b l e s  in the me t a  -~ 

language fo r  which spec i f i c  s~trings of s y m b o l s  belonging to the object  

laaguag¢ may be inserted, 


~ Report on the Alsorithmlc Language ALGOL 60 

C o m m ,  A C M  2 ( 1 9 6 0 )  106 - 136, 
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The connec t ive  : : = i s  used  f o r  def in i t ion  symbo l  and the symbol  

is  used  for  o r .  

F o r  example  : 

l e t t e r > : :  = a l  b I c l d  ~ e . . .  y [  z 

In the fol lowing the v a r i a b l e  to be defined will  be ca l led  def in iendum 


and the def iniug e x p r e s s i o n  will  be ca l led  def in iens .  In the def in i t ions  


the de4riniendum is  pos i t ioned  on the lef t  s ide and the def in iens  on the 


r igh t  side° 


T h e  f o r m u l a s  of the  me ta l anguage  m a y  a l so  i n c o r p o r a t e  symbols  


of  lhe  objec t  language.  In th is  case  howeve r ,  t hese  symbol s  des igna te  


t h e m s e l v e s .  


F o r  example  : 


~ i f  c lause  ~ : :  = i f  ~Boolean e x p r e s s i o n > t h e n  

Jux tapos i t i on  of m e t a l ! n g u i s t i c  v a r i a b l e s  m e a n s  the jux tapos i t ion  

of the  s equences  ot symbo l s  r e p r e s e n t e d  by the v a r i a b l e s ;  

f e r  e x a m p l e  

~ in t ege r>  : : =~ digi t> [~digit ) < i n t e g e r  > 


~ idezi t i f ier  ~: x =< le t t e r>  ~ ident i f ie r>~ le t te r}  1 ~ ident i f ie r~  ~ digit~ 


1,:!213 Bajsic Symbols  and Means  Of E x p r e s s i o n  of Meta language  2 

Meta language  2 is  used  to d e s c r i b e  the types  of def in i t ions  which a r e  

fw lnu l a t ed  in me ta l anguage  1. To some extent,  t h e  me ta l anguage  will 

~ h e  Eng l i sh  I~nEuage. However ,  it is  al~o n e c e s s a r y  to define 

soai~ ~f o r m a l  eKpressiOns~ which will  be e n u m e r a t e d  in the following: 

1. The  symbo l s  : : = and~ a r e  t a k e n  f r o m  me ta l anguage  1 and 


des igna t e  t h e m s e l v e s .  


2. Greek  l e t t e r s  enc losed  in  double b r a c k e t s  denote  syn tac t i c  


un i t s  h e l o t s  to me ta l anguage  2. 


F o r  example: : 


< < ~  ,<</3 >>,<< ~ ) y . . . .  
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T he  v a l u e s  of  t h e s e  v a r i a b l e s  a r e  c o n s t a n t s  and v a r i a b l e s  of  m e t a  -

language 1. 

3. As in  m e t a l a n g u a g e  1 t j u x t a p o s i t i o n  of  v a r i a b l e s  d e s i g n a t e s  

j u x t a p o s i t i o n  of the  s y n t a c t i c  un i t s  deno ted  by the  v a r i a b l e s .  

4. The  c o n n e c t i v e s  ~ ~A and V a r e  u s e d  in  the  c u s t o m a r y  s e n s e .  

5. To  f a c i l i t a t e  the  d e s c r i p t i o n  of t he  v a r i o u s  t ypes  of defi_nitions, 

a l o g i c a l  func t ion  " c o n t "  is  i n t r o d u c e d  to deno te  an  i m p o r t a n t  p r o p e r t y  

of v a r i a b l e s  in m e t a -  m e t a l a n g u a g e  : 

The  l o g i c a l  f unc t i on  c o n t  (<<c~ >>~<< ~ >>) i s  t r u e  

if the  v a r i a b l e < <  o~ >>.conta im the  v a r i a b l e  << /5 >> 

in  the  t r e e  of i t s  d e f i n i t i o n s .  

T h i s  m e a n s  tha t  the  func t ion  i s  t r u e  i f  the  d e f i n i e n s  of<<o~ >> c o n t a i n s  

<</3 >>.ei ther  d i r e c t l y  o r  if  i t  c o n t a i n s  a v a r i a b l e  whose  d e f i n i e n s  

c o n t a i n s  the  v a r i a b l e < < / 5  > > o r  e . t . c . . . .  

F o r  e x a m p l e  : 

The  g e n e r a l  f o r m  of the  d e f i n i t i o n  of < i n t e g e r >  

( s e e  a l s o  the  e x a m p l e  1, 1212 ) would be  

<< f >>: : = << c~ >> ] 4< o~ >><< ~ >> 


w h e r e  


cont (<< ~ >~,,<< ~ >>) 

1. 122 Types of Syntactical Definitions_ 

One m a y  d iv ide  the  s y n t a c t i c a l  d e f i n i t i o n s  u s e d  in  t h i s  p a p e r  in to  

( 1 ) e n u m e r a t i n g  de f in i t i on ,  

( 2 ) j u x t a p o s i n g  de f in i t ion ,  

( 3 ) c o m b i n e d  d e f i n i t i o n  ( c o m b i n e d  ( I ) and ( 2 ) ), 

and in  e a c h  of  t h e s e  g r o u p s  one m a y  d i s t i n g u i s h  
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(E) expl ic i t  o r  non r e c u r s i v e  def in i t ions  a nd  

( R~ r e c u r s i v e  def in i t ions .  

Each  of t h e  types  of .definition g iven  in the above l i s t  c o r r e s p o n d s  

,to a c e r t a i n  p r o g r a m  s t r u c t u r e ,  

I ,  1221 The E n u m e r a t i n g  Def in i t ion  

The e n u m e r a t i n g  def in i t ion  takes  the f o r m  

< < x > >  ::=<< >> (1) 

Thi s  type def ines  a syn tac t i c  ca tegory .  By th is  one unde r s t ands  a 

c l a s s  of e x p r e s s i o n s  which a r e  i n t e r c h a n g e a b l e  in  c e r t a i n  pos i t ions  

without caus ing  the en t i r e  e x p r e s s i o n  to b e c o m e  s y n ~ c t ! c a l l y  

wrong. Since accord ing  to the def in i t ion  g iven  above one of the 

v a r i a b l e s  ((C'~l>) , <<~2>> . . .  <(c~ >> m a y  be  i n s e r t e d  in a l l  
n 

pos i t ions  which a r e  occupied by<(  x ) > ,  the var iab lesK<o~l)>  , 

< ( o r  2 >)  . . . .  ~< c~ >)  f o r m  a syn tac t i c  category.  
n 

F o r  example : 

( mu l t i p ly ing  ope ra to r  ) : : -- X [ / [  ÷ (1E)  

( d e c l a r a t i o n  > : : <-type dec la ra t ion> ]< a r r a y  dec lara t ion~ ] 

[ ( s w i t c h  dec l a r a t i on>  ~( p r o c e d u r e  de - 

c l a r a t i o n )  ( 1 R ) 

1~12~12 . T h e  Jux tapos ing  Defini t ion 

The~juxtaposing def ln! t ion  has  the f o r m  

>><< >> ...<< ~ >> (2)2 3 11 

']~he variable(( ,Sp )>may be replaced by<( I>><( c% >) . . .  <<~ >> 
11 

F ~  e x a m p l e :  

( i f  C : l a u S e )  : : = i f  (Boo lean  e x p r e s s i o n >  then 2R) 

I ,  122S The Combined  Def in i t ion  

The c o m b i n e d  def in i t ion  is  an e n u m e r a t i v e  def in i t ion  the congt i tuents  

of which m a y b e  cha ins .  
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F o r  example : 

integer>: : =~ unsigned integer> I ÷< unsigned integer~ I 

~ unsigned in teger  ) ( I E )  

, ( a r r a y  dec lara t ion~: :  = a r r a y  < a r r a y  l is t> [<local o r  own 

type ~ a r r a y  < a r r a y  list> (3E)  

1, 1224 The. Explicit  Definition 

Letbe<<S>) the  definiendum and<<C~l>>, ~<c~>) . . . < <  C~<n >) the 

v a r i a b l e s  appear ing within the defir~iens. The definition is  explici t  

if the following function is t r u e :  

c o n t ( < < ~ > > , < <  ~>)) 

For example : 

<.multiplying operator > : -~ = x[/[÷ 


This definition is explicit because the definiens contains. only basic 


symbols of the object language, 


1,1.225. The Recursive Definition 


Let<< ~ >)be the definiendum..and<<~l>>~ <<~x 2 )),, ~<O~.n )) the 


variables appearing within the defirdensz The definition is recursive 


if the condition is valid: 


In order to be able to break: off the expression built by a recursive 

definitions, there must exist for each variable<< cg >)defined recursive, 

a variable<</3 >Ywhich maybe substituted for(<C~ )hand for which 

the condition ~ cont ( ~ < ~ ) > ~ < < o ~ y > )  is valid. 

For example 

< if c lause  ) : ~ = i..f_ < l~oolean e x p r e s s i o n )  then (2R) 

The.defini t ion is r e c u r s i v e  on account of the defhtit ion o f t h e  

va r iab le  < Boolean express ion  ) :  

¢~Bc~olean expres~ion~ : ~ = <s imple  Boolean> ]. 'f4f c lause~ 

<simple. Boolean > else <Boolean e x p r e s s i o n )  (BE)  
b 
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In the fol lowing two spec i a l  f o r m s  of r e c u r s i v e  def in i t ions  a r e  shown 

for  which a s i m p l e r  p r o g r a m m i n g  s t r u c t u r e  m a y  be g iven  ( s e e  

chap te r  1. 1334) : 

( I )  < 4 ~  ) )  : : = 44c >>144 >>4< v >> ( 3 R )  

( I I )  4 {  t ) ) :  : -- 4<<x >>[4< P >><< >> ( 3 R )  

Defin i t ion  ( I )  y i e ld s  a chain  of the f o r m  

<4/~ >)<< {~ >>. • • <4/3 >><<o< >> 

Definition (II) yields a chain of the form 

<<cx>><<~ >>,,. 44/~>>4</~ >> 


F o r  e x a m p l e  : 

4 uns igned  i n t ege r  > : l  = < digit> l<unsigned i n t e g e r ) < d i g i ~ ( 3 R )  

1. 123 Syntac t ic  check  

The t r a n s l a t o r  m u s t  be able  to p r o c e s s  in the r igh t  way al l  e x p r e s s i o n s  

which m a y  be bui l t  by m e a n s  of the syn t ac t i c  def in i t ions  of the objec t  

language.  All  e x p r e s s i o n s  which do not  s a t i s f y  the syn tac t i c  def in i t ions  

a r e  fo rb idden  because  they  do not  be long tO the objec t  language.  It 

is  d e s i r a b l e  that  the  t r a n s l a t o r  d e t e c t s  and ind ica te s  e x p r e s s i o n s  

which a r e  forb idden .  This  is  poss ib l e  with a p r o g r a m m i n g  s t r u c t u r e  

which is  e s s e n t i a l l y  the s a m e  as n e c e s s a r y  fo r  the t r a n s l a t i o n  p roces~  

because  f o r  t r a n s l a t i o n  and s y n t a c t i c a l  checking  the s a m e  ques t ions  

have to be posed and the s ame  dec i s i ons  have- to  be made .  T h e r e f o r e  

it  is e c o n o m i c a l  to do the t r a n s l a t i o n  p r o c e s s  and  the syn t ac t i c  check 

in one s ing le  run.  

Oat of the e l e m e n t a r y  p r o g r a m m i n g  s t r u c t u r e  which wil l  be d e s c r i b e d  

i n t h e  fol lowing a t r e e  s t r u c t u r e  m a y  be bui l t  up which on the one 

h a n d  p e r m i t s  the  checking  of the syntax a n d o n  the o t h e r  hand con t ro l s  

t h e  t r a n s l a t i o n  p r o e e s &  
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! .  13 The Der iva t ion  of the P r o g r a m m i n g  S t r u c t u r e s  


f r o m  the Types  of Defini t ion 


,!-,! 31 Bas i c  P r inc ip l e  a n d  Method of R e p r e s e n t a t i o n  

I.  1311 Bas i c  P r i n c i p l e  

E a c h  me ta l i ngu i s t i c  v a r i a b l e  r e p r e s e n t s  c e r t a i n  s t r i n g s  of symbol s .  

Acco rd ing  to t h e i r  mean ing  these  s t r i n g s  of symbo l s  m u s t  be t r a n s f o r m e d  

into the  c o r r e s p o n d i n g  i n fo rma t ion  fo r  the g e n e r a t e d  p r o g r a m .  

The  t r a n s l a t o r  will  be des igned  in such  a way, that  each  mean ing  of 

a m e t a i i n g u i s t i c  v a r i a b l e  c o r r e s p o n d s  to  a subrou t ine  which c a r r i e s  

out  the t r a n s f o r m a t i o n  of t h e  s t r i n g  of symbo l s .  As the mean ing  of 

a m e t a l l n g u i s t i c  v a r i a b l e  m a y  depend on the context ,  the subrou t ine  

c o r r e s p o n d i n g  to a c e r t a i n  v a r i a b l e  a l so  conta ins  the t r a n s f o r m a t i o n  

o f  the  in fo rmat ion ,  the mean ing  of which is not defined t i l l  the v a r i a b l e  

o c c u r s ,  T h i s  p a r t  of the  infor~lsatipn of a v a r i a b l e  which cannot b e  

Uti l ized when the v a r i a b l e  o c c u r s ,  is s t o r e d  in a u x i l i a r y  s t o r a g e  

ce l l s ,  Those  s t o r a g e  ce l l s  which lie within the  scope  of a r e c u r s i v e  

subrou t ine  remit  be a r r a n g e d  in a c e l l a r  ( s e e  c h a p t e r  1. 133412).  

If  a v a r i a b l e  ~ >> has  d i f f e ren t  mean iu~  in d i f fe ren t  pos i t ions ,  

d i f f e ren t  s u b r o u t i n e s  m u s t  be  p rov ided  a c c o r d i n g  to the meanings .  

In o r d e r  to f ac i l i t a t e  the  r ep re sen t a t i ons  it will be a s s u m e d  in the 

following tha t  to each  v a r i a b l e  is  a s s i g n e d  only a s ing le  mean ing ,  

so  tha t  only a s ing le  sub rou t ine  has  to be p rov ided  f o r  each v a r i a b l e .  

If  a v a r i a b l e  o c c u r s  only in a s ing le  pos i t ion  in a def in iens  of the 


syn tac t i c  defir~itions, a s i m p l e  p r o g r a m  e l emen t  can  be i n s e r t e d  in 


the  s t r u c t u r e  ins tead  of the c o r r e s p o n d i n g  subrout ine .  


Syntac t ic  checking and t r a n s l a t o r  m a y  be buil t  up f r o m  subrou t ines  

in the d e s c r i b e d  m a n n e r ,  because  o f  the r e l a t i on  ex is t ing  be tween 

the  s t r u c t u r e  of s u b r o u t i n e s  and the syn tax .  A v a r i a b l e  can o r  

camlot  conta in  ano the r  va r i ab l e ;  th is  r e l a t i on  ex i s t s  a l so  be tween  
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subrou t ines .  If a v a r i a b l e  contains  i t se l f ,  then in the transt~Ltor 

a subrou t ine  mus t  conta in  i t se l f .  Th i s  r e q u i r e m e n t  cannot  be  me t  

with the u sua l  technique  of subrou t ines ;  the so lu t ion  is  pos s ib l e  with 

the use  of the cellarr p r inc ip le  ( s ee  chap te r  1. 1334). 

C o n s i d e r a t i o n  of the mean ing  of the symbo l s  "is not needed for 

syn tac t i c  check.  The mean ing  becomes  e s sen t i a l ,  however ,  for  the 

t r a n s l a t i o n  p r o c e s s  which t akes  the mean ing  of the symbo l s  

p a r t i a l l y  f r o m  the s o u r c e  p r o g r a m  and p a r t i a l l y  f r om the t r a n s l a t o r  

i t se l f .  F u r t h e r m o r e ,  in oppos i t ion  to the syntax,  i n t e r l a c i n g  s t r u c t u r e s  

a r i s e  when the mean ing  is t aken  into cons ide ra t ion .  

The  case  that  the v a r i a b l e  (~ ~ ~ >contains  the  v a r i a b l e  (~[~> > m e a n s  

for  the correspondlrAg e x p r e s s i o n  belonging to the objec t  language 

that  tire s t r i n g  r e p r e s e n t e d  by<</~>>is pos i t ioned  within the Str ing 

r e p r e s e n t e d  by((C:~ >> That  is,  the s t r ing (< /~  >> is  e m b r a c e d  by the 

o the r  symEx~ls of ~<o<~>>, for  that  r e a s o n  i n t e r l a c i n g  s t r u c t u r e s  m a y  

not a r i s e .  However ,  i f  the mean ing  of symbo l s  is cons ide red ,  

i n t e r l a u i n g  s t r u c t u r e s  m a y  occur ;  for  example  of t h e  fo rm  

A1 B1 A2 ~2 where  ~irst  A1 and A2 and second B1 and B2 a re  p a i r s  

Of c o r r e l a t e d  e l e m e n t s .  These  i n t e r l a c i n g  s t r u c t u r e s  m a y  s i m p l y  be 

handled  Dy s t o r i n g  the i n fo rma t ion  of A1 and B1 in two d i f f e r e n t  

s t o r a g e  ce l l s  o r  in  two block ce l l s  (.see 1. 133412) and u t i l i z ing  th is  

i n fo rma t ion  when A2 and B2 occur .  

1. 1312 Means  of Descxipt iQn 

P r i n c i p a l l y  it  would be pos s ib l e  to d e s c r i b e  the  ¢ollowing p r o g r a m m i n g  

s t r u c t u r e s  in ALGOL 60; but in o r d e r  to make  the d e s c r i p t i o n  m o r e  

obvious  in tllLiS pape r  flow .charts  a r e  p r e f e r r e d .  

The subrou t ine  c o r r e s p o n d i n g  to the  var iable~(c~i>> is denoted by 

~ ( ~ i > > ,  e n c l o s e d i n  a r e c t a n g l e  ( see .F iR,  1 . 1 -  1 ) .  ~Fhe ques t ion  

of the p r o g r a m  whether  the v a r i a b l e ~ ( ~  i >~ is  p r e s e n t  or  not is  

r e p r e s e n t e d  b y ( ( ~ i > >  ? in the c u s t o m a r y  m a n n e r  ( s e e  F ig  1. 1 - 2) 
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[ I 

/ J  

F ig .  1.1 - 1  : Subrout ine for the t r a n s l a t i o n  of<< c~i>> 

~------ YES 

NO 


Fig. I, I - 2 : Identification of << c~ i>> 


The r e t u r n j u m p  out of a subrout ine  is  d e n o t e d b y  RJ 

I, 13 2 As sumptions 


! .  1321 A s s u m p t i o n s  Conce rn ing  the Syntactic,  Def in i t ions  

1.13211 Each  m e t a l i n g u i s t i c  v a r i a b l e  mus t  be d i s t i ngu i shab le  f rom 


the o t h e r  cons t i tuen ts  of the syn tac t i c  ca tegory  to which i t  


belongs  by the v e r y  f i r s t  s y m b o l  of the s t r ing  r e p r e s e n t e d  


by the v a r i a b l e .  


On account  of th i s  a s s u m p t i o n  each  m e t a l i n g u i s t i c  v a r i a b l e  m a y  be 

r ecogn ized  a s  soon as  the f i r s t  s y m b o l  of th is  v a r i a b l e  is  known to 

the t r a n s l a t o r .  The ques t ion  for  a c e r t a i n  m e t a l i n g u i s t i c  v a r i a b l e  i s  

t h e r e f o r e  iden t i ca l  with the ques t ion  for  the f i r s t  s y m b o l  of the s t r ing  

r e p r e s e n t e d  by th is  v a r i a b l e .  Th i s  a s s u m p t i o n  s e r v e s  to f ac i l i t a t e  

the d e s c r i p t i o n s  in  th i s  paper ;  m o r e o v e r  it s i m p l i f i e s  the s t r uc tu r e  

of the t r a n s l a t o r  i f  i t  i s  va l id  in the syntax  for  a language.  Fo r  some 

def in i t ions  of ALGOL 60 th is  a s s u m p t i o n  i s  not sa t i s f i ed .  In such  
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c a s e s  the  t r a n s l a t o r  has  to ask  for  f u r t h e r  s y m b o l s  of the s t r i n g  in 

o r d e r  t e  ge t  an  unambiguous  answer ;  but no new p r o b l e m  a r i s e s  

t h e r e b y .  

1. 13212 The end of a string represented by a variable must be 


recognizable either with the last symbol of the string or 


with the first symbol of the following variable. 


1.1322 	 Conventions Concerning the Subroutines 


1. 13221 	The input routine reads when activated the next basic symbol 


of the source program. This basic symbol is then stored, by 


the input routine in the storage location C. That means that 


in the storage location C all basic symbols of the source 


program appear successively in the course of the translation 


process. The symbols read in successively by the translator 


are processed as early as possible (principle of sequential 


translation). 


1. 13222 	The subroutine corresponding to a certain variable is called 


as soon as the input routine has stored the first symbol of 


the string represented by the variable in C. 


1. 13223 	 After the return jump from the subroutine for the processing 


of a variable, the first symbol of the succeeding syntactic 


unit is located in C. 


On account of the assumptions 1. 13211 and 1. 13212, these three 


conventions can always be observed. 


1. 133 	 T y p e s  of S t r u c t u r e s  

I ,  1331 	 The S t r u c t u r e  C o r r e s p o n d i n g  to the  E n u m e r a t i n g  Def in i t ion  

The progr~rr~ structure corresponding to the enumerating definition ( I ) 


<< ~ )) : :=<<CXl)) [ <,~ o<~)' ). • • I <<:~nY> 	 (1) 


h a s  t h e  v e r y  s i m p l e  fo rm shown in F i g .  I .  1 - 3.  In F i g .  I .  I - 4 the 
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flow chart  for the variable < multiplying operator  ) i s  shown as  

one example. 

Iffor<<~>) t h e f u n e t i o n c o n t (  <<~>).<<~)> ) i s t r u e ~  the 

p r o g r a m h a s  to be made a recurs ive  nb rouUne  ( see chapter 1.1334). 

<< x >) 

T 
I << o~1> > I 

<< o~2>> j 
! 

I 


_ J << CXn> ) I RJ 
-I J 

a larm 
e x i t  

Fig. 1.1 - 3 Programming s t ruc ture  for the enumerating definition 

< multiplying operator  > 

Y 
BJ 

.) 
P J  

1 
BJ 

a l a F Z n :  
a i r  

Fig. 1 . 1 . 4  Example for tim mmmeratlng doflntthm 



1 . 1 - 1 5  


I .  1332 The  S t ruc tu re  C o r r e s p o n d i n g  to the Jux tavos lng  Def! .~t ion 

The p r o g r a m  s t r u c t u r e  c o r r e s p o n d i n g  to the jux tapos ing  def in / t ion  (Z) 

is  shown in Fig.  1. I - 5 

If the def in i t ion  of44 ~P >~, is  r e c u r s i v e ,  the  p r o g r a m  has  to be made  

a r e c u r s i v e  sub rou t ine  ( s e e  c h a p t e r  1. 1334). Chap te r s  I .  1523 and 

1. 1524 m a y  s e r v e  as  examples .  

V 


aiarm 1 L 
exit  ~ ~ ~. 

a i a r m  
e a t  

a l a r m  P J  
exit  

Fig,  1.1 - 5 P r o g r a m m i n g  s t r u c t u r e  fo r  the jux tapos ing  def in i t ion  

1, 1333 Expl ic i t  Def in i t ions  

F o r  the procemsing of exp l i c i t ly  def ined v a r i a b l e s  the  u sua l  subrou t ine  

technique  is app l icab le .  

I :  1334 The S t r u c t u r e  C o r r e s p o n d i n g  to the  R e c u r s i v e  Def in i t ion  

1, 13341 G e n e r a l  Case  

The u sua l  subrou t ine  t ech ique  is  not app l i cab le  to the t r nnn in t i on  of  

r e c u r s i v e l y  def ined v a r i a b l e s .  As t he se  v a r i a b l e s  conta in  t h e m s e l v e s ,  
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the subrou t ine  for  the p r o c e s s i n g  of the v a r i a b l e s  a l so  had to conta in  

i t s e l f  and duping the cou r se  o f  the p r o g r a m  the r e t u r n  jump as  woll 

as  the conten ts  of c e r t a i n  a u x i l i a r y  s t o r a g e  ce l l s  would be  de s t royed .  

1, 133411 Handling, of the Re tu rn  Jump 

It has  been shown in c h a p t e r  1. 1311 that  subrou t ines  m a y  e m b r a c e  

t h e m s e l v e s  but that  they cannot  have interlacing" s t r a c t u r e s .  T h e r e -

fo re  the r e t u r n  jumps  o c c u r  exac t ly  in the r e v e r s e  s u c c a s s i o n  of 

t h e i r  appea rence .  F o r  this  r e a s o n  i t  is  suf f ic ien t  to have acce.ss to 

the  l a s t  r e t u r n  jump.  Th i s  m e a n s  that  the r e t u r n  jumps  of a l l  

subrout ine¢  can be s t o r ed  in one s ing le  c e l l a r .  The cellar ,  p r i n c i p l e  

used  for  s y m b o l s  by BAUER and SAMELSON i s  now appl ied to the  

s t o r a g e  of r e t u r n  jumps .  The subrou t ine  c o r r e s p o n d i n g  to the 

r e c u r s i v e  def in i t ion  will  be ca l led  r e c u r s i v e  subrou t ine .  The c o u r s e  

of r e c u r s i v e  subrou t ines  is  shown in Fig. 1.1 -6 ,  R i denotes  the 

l i n e a r  s t o r a g e  a r r a y  fo r  the r e t u r n  jump ca l l a r .  

V 

I 


I 

.I 


1 , ., ,,,I 

l 

i 

t 


I I , I  I I I  " 

Fig.  1.1 - 6 Course  of a r e c u r s i v e  subrou t ine  wi th  r e t u r n  jump c e l l a r  



1.13341 2 Handling of Auxiliary Storage Cells :Block Cellar. 

Those jumps which lead from a recursive subroutine into a recursive 

subroutine will be called recursive jumps. An auxiliary cell whose 

contents have been stored before the occurrence of a recursive jump 
l;r* 

and stilla reneeded after the return, must be treated like the return 

jumps chapter 1.133411, this means that a l inew storsge array 

% must be organized instead of a single storage cell H. In order 

to avoid the manipuldion with numerous cellars - which would require 

more storage locations - a single cellar can be used for the return 
i 

jumps and the auxiliary cells. The cellar principle must be extended 

for this purpose. 

The principle is extended in that way, that not only single cells but 

blocks of cells arebuilt up and removed in the cellar. The blocks 

may have different length. The individual cells of such a block can 

be used as auxiliary cells, and one of these cells can be used for  

the storage of the return jump. 

Each recursive subroutine is assigned one block. The block which 

is assigned to a certain subroutine is built up at the beginning of this 

subroutine and removed at the end of the subroutine. This process 

is shown in Fig. 1.1 - 7 ;B is the storage array which is provided 

for the block cellar and k is the length of the block. 

Fig. 1.1- 7 Course of a recursive 

program wi& block c e k  
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The block ~ e I I a r  eanno t  be used  fo r  those  a u x i l i a r y  s t o r a g e  a r r a y s  

of a s u b r o u t i n e  t ~  length of which depends on the s o u r c e  p r o g r a m .  

In tllis c a s e  f o r  each  of t he se  a r r a y s  an a u x i l i a r y  c e l l a r  m u s t  be 

p rov ided  and the s t a r t  a d d r e s s  of i t s  b locks  b e  s t o r e d  in one block 

cell  of the f i r s t  c e l l a r .  This  technique m a y  be appl ied  in a l l  c a s e s  

where  l i s t s  a r e  r equ i r ed .  F o r  example  it m a y  be u sed  fo r  the 

a d d r e s s b o o k s  in ALGOL, in o r d e r  to b e  able  to handle  the d i f fe ren t  

l eve l s  of n o m e n c l a t u r e  of the "block concept"  of ALGOL 60. 

1. 133413 The Input P a r a m e t e r s  for  R e c u r s i v e  Subrou t ines  

As input p a r a m e t e r s  f ixed a u x i l i a r y  ce l l s  can be provided .  These  

a u x i l i a r y  ce l l s  a r e  f i l led be fo re  the  c o r r e s p o n d i n g  r e c u r s t v e  j u m p .  

If the input p a r a m e t e r s  sha l l  be p r e s e r v e d  beyond a f u r t h e r  

r e c u r s i v e  jump,  they m u s t  be s t o r e d  in the c o r r e s p o n d i n g  block 

ce l l s ,  a t  the beginning of the subrout ine .  

1. 133414The  Output P a r a m e t e r s  of R e c u r s i v e  Subrout ines  

As fo r  the input p a r a m e t e r s ,  f ixed a u x i l i a r y  ce l l s  can  be provided  

for  the  output p a r a m e t e r s .  The contents  of the ce l l s  a r e  defined 

be fo re  the r e t u r n  jump is ac t iva ted  and a r e  t a k e n  o v e r  by  the  m a s t e r  

p r o g r a m .  The output p a r a m e t e r s  m a y  a l so  b e  t aken  f r o m  the .b lock ce l ls  

of the subrou t ine  ( i m m e d i a t e l y  a f t e r  the r e t u r n  j ump) ,  s i nce  the  

pos i t ion  of the block ce l ls  is  known i m m e d i a t e l y  a f t e r  the r e t u r n  jump,  

As the a r r a n g e m e n t  of the block ce l l s  is  not n e c e s s a r i l y  known when a 

p r o g r a m  is  des igned,  it  is  often m o r e  c o m f o r t a b l e  to p r o c e s s  input 
i 

and output p a r a m e t e r s  by m e a n s  of f ixed ce l l s .  

1. 13342 The S t r u c t u r e  C o r r e s p o n d i n g  to the  Defini t ion of a Chain 

The two f o r m s  of tl~e defini t ion of  a chain were  ( s e e  c h a p t e r  1. 12242 ) 

(II) < <  ~ } > ~ : : = < < ~  >>]4< ~ >><< ~ >> ( 3 R )  

This  spec i a l  c a se  of the  r e c u r s i v e  def ini t ion can  be r e a l i z e d  with the  

help o f  two s i m p l e  p r o g r a m  loops ( F i g .  1.1 - 8 ) . 



alarn 

exit , 

t 
alarm 

Pfg, 1.1 - 8 Pmgrrrm loops correspondhg to the recursive 

dcfinitiQnof a chain 



1. ~.34 Simpl i f i ca t ion  by,/Omitti~g Redundant  Dec l s ions  

1.1341 The ques t ion  fo r  a v a r i a b l e  iB iden t i ca l  with the ques t ion  f o r  

the f i r s t  symbo l  of that  v a r i a b l e  ( s e e  1. 13211).  If the a n s w e r  to the 

ques t ion  is  an a l a r m  and if  the  s a m e  quest ion,  combined  with an 

a l a r m  exit  in the subrou t ine  for  the v a r i a b l e  i s  posed  aga in  at t h e  

beginning of th is  subrout ine ,  one of the  ques t ions  can  be lef t  out. 

1. 1342 If a subrou t ine  has  been ca l led  on account  of a ques t ion  fo r  

a c e r t a i n  symbol ,  then  is no need to check th i s  symbo l  within the 

subrout ine .  

1 .13 5 Realizati_on of  the Syntac t ic  Check i ae  

A syn t ac t i c  e r r o r  in the  s o u r c e  p r o g r a m  leads  to one of the a l a r m  

exi t s  of the  t r a n s l a t i o n  p r o g r a m .  In o r d e r  to f ac i l i t a t e  loca l i z ing  

o f t  he e r r o r ,  it is  use fu l  to m a r k  the a l a r m  exi ts .  One m a y  use  fo r  

th is  purpose  the name  o r  the n u m b e r  of the c o r r e s p o n d i n g  subrou t ine  

and the des igna t ion  of  the c l a s s  of symbo l s  which would be s y n t a c t i c a l l y  

c o r r e c t  at th is  point.  

The a l a r m  exit  can be l inked e i t h e r  to a s i m p l e  stop i n s t r u c t i o n  o r  

to the ca l l  o f  a c o r r e s p o n d i n g  p r in t ing  p r o g r a m .  The p r in t ing  p r o g r a m  

supp l i e s  the f .nformation about the s y n t a c t i c  e r r o r ,  for  i n s t ance  the  

m a r k  of the a l a r m  output, the s y m b o l  which was r ead  l a s t  ( f r o m  the 

s t o r a g e  ce l l  C)~ the n u m b e r  of s t a t e m e n t s  which have  been  t r a n s l a t e d  

a l r eady ,  and so on. 

1 .14  C o m p a r i s o n  to the C o n t r o l  by Means  o f  a T r a n s i t i o n  Mat r ix  

1° 141 The T r a n s i t i o n  Mat r ix  b y  BAUER and SAMELSON 
_ _ . - - . , , 

In th i s  c h a p t e r  the c o n t r o l  of  a t r a n s l a t i o n  p r o c e s s  by means  of a 

t r a n s i t i o n  m a t r i x  d e s c r i b e d  by F. Lo BAUER and K. SAMELSON, 

wi l l  be b r i e f l y  discussed~ 
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The two main eletnents of the control are the symbol cellar and the 


transition m~trix. In the symbol cellar symbols for the state of the 


translator are stored. Each state symbol corresponds to a column 


and each basic symbol Si of the object language corresponds to a 


row of the transition matrix. The functioning will be best described 


by a citation from the paper of BAUER end SAMELSON[3.] : 


"The contents of the symbols cellar determines a state which, in 


effect, at any given time depends on the highest element only, and 


the new symbol of source information plus state determine output 


(of n~aohine instructions) and successor state, I, 


1.  1 4 2  Equiva lenc  e o f  T r a n s i t i o n  Mat r ix  and Subrout ine  S t ruc tu re  

The symbo l  c e l l a r  c o r r e s p o n d s  e x a c t l y  to ~he r e t u r n  jump c e l l a r  

d e s c r i b e d  in chap t e r  1.133411, because  the  r e t u r n  jump c e l l a r  a l so  

d e t e r m i n e s  the s ta te  of the t r a n s l a t o r  unequivoca l ly .  

Each  co lumn of the m a t r i x  c o r r e s p o n d s  to a chain  of ques t ions  fo r  

a l l  b a s i c  s y m b o l s  S i ( s e e  Fig. 1.1 - 9 ) .  T h e r e f o r e  for  each chain  

of ques t ions ,  which r e su l t  fron~_ the p r o g r a m  s t r u c t u r e s  d e s c r i b e d  

above, a column of the matrix~ i . e .  a c e r t a i n  s ta te ,  has  to be 

a r r a n g e d  ( a l so  in the case  that  the chain cons i s t s  of only  one s ingle  

ques t ion) .  

Y 


l 
I 

I 


Fig. I. I - 9 The  chain  of ques t ions  which is equ iva len t  to a co lumn 

of the m a t r i x  
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1~143 Comparison of the Methods 

Since in m o s t  s t a t e s  only  a l imi t ed  number  of ba s i c  symbo l s  can 

o c c u r  (and  often on ly  a s ingle  one ), the t r a n s i t i o n  m a t r i x  conta ins  

m a n y  redundant  ques t i ons .  The technique  which has  been  d e s c r i b e d  

avoids  th is  d i sadvantage  by m e a n s  of sub rou t ines .  The r u l e s ,  g iven  

in chap te r  1. 1322, for  s i m p l i f i c a t i o n  of  the p r o g r a m  s t r u c t u r e  by 

omi t t ing  redundant  ques t ions ,  cannot  be appl ied  to the t r a n s i t i o n  

m a t r i x ;  for  this  r e a s o n  the t r a n s i t i o n  m a t r i x  is  a lways  redundaut .  

F u r t h e r m o r e ,  in the case  of the au tonomous  subrou t ines  for  the  

t r a n s l a t i o n  of the individual  un i t s  of the language the h i e r a r c h y  of 

the un i t s  i s  s t r e s s e d  d i s t i n c t l y ,  whereas  the rows  of the m a t r i x  

somehow a s s i g n  the s a m e  leve l  to al l  uni t s .  

One advantage  of the  ma t r i x ,  compa red  to the subrou t ine  technique,  

mus t  be ment ioned .  If a l a rge  core  s t o r e  is  ava i lab le ,  so that  the 

whole m a t r i x  can be a r r a n g e d  in the co r e  s to re ,  the t r a n s l a t i o n  

p r o c e s s  is  a cce l e r a t ed ,  as  the computa t ion  of the a d d r e s s  of one 

m a t r i x  point within a co lumn can be c a r r i e d  out with one s ing le  

addi t ion.  

1 .15 Examples  f rom the Appl ica t ion  to A LG.OL 60 

!.  151 In t roduc to ry  R e m a r k  

The a s s u m p t i o n s  which were  made  in chap te r  1.1321 conce rn ing  the 

syn t ac t i c  de f in i t i ons  a r e  not sa t i s f i ed  fo r  ALGOL 60 in a l l  i t ems .  F o r  

example  the  l abe l s  ( < l abe l  > ), l abe l led  s t a t e m e n t s  ( < s ta tement> ) 

and c e r t a i n  l i s t s  ( e. g. < left  pa r t  l i s t  >) mus t  be hand led  s epa ra t e ly .  

The fol lowing example s  were  se lec ted ,  because  they  conta in  a l l  

types  of def in i t ions  which have been t r e a t e d  ( p a r t i a l l y  in a combined 

f o r m ) .  F u r t h e r m o r e ,  these  examples  r e p r e s e n t  the c o r e o f  the 

ALGOL - t r a n s l a t o r .  The s e p a r a t e  handl ing  of s o m e  cases ,  which 

has  jus t  been ment ioned,  is not conta ined in the examples .  
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!~ 152  E x a m v l e s  

I ,  1521 L i s t  of  Symbols  

rSR r e c u r s i v e  subrout ine  


RJ r e t u r n  jump 


(C)  read  c h a r a c t e r  

B I s t o r age  a r r a y  for  the block c e l l a r  

I 	 level of the block cellar 


PR s t o r e  for  the gene ra t ed  p r o g r a m  

p level  of the p r o g r a m  s to r e  

N n u m b e r  c e l l a r  

k level  of the number  c e l l a r  

(X) 	 contents  of a d d r e s s  X 

OP 	 aux i l i a ry  ce l l  for  the output p a r a m e t e r  of the 

subrout ine  

Jump ins t ruc t ions ,  the a d d r e s s p a r t  of which is  not known, a re  

ca l l ed  open j umps .  

Subrout ines  have the names  of the m e t a l i n g u i s t i c  v a r i a b l e s  t hey  

t r a n s l a t e .  

1.1522 Subrout ines  Which Will  Not Be Desc r ibed  in  Deta i l  

r ead  (C)  

This  subrou t ine  t r a n s f e r s  the next  A L G O L -  symbo l  to C; 

a l l  d e l i m i t e r s ,  i den t i f i e r s  and uns igned  n u m b e r s  a r e  

t r e a t e d  as  one symbol .  

< Boolean e x p r e s s i o n  > 

The subrou t ine  g e n e r a t e s  the p r o g r a m  for  the  eva lua t ion  

of a log ica l  exp res s ion .  The  output p a r a m e t e r  of th is  

sub rou t i ne  is  the a d d r e s s  of the r e s u l t  of t h e  log ica l  

e x p r e s s i o n  in OP. 
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~mtmple  a r i t h m e t i c  e x p r e s s i o n )  

The  subz~ut tne  g e n e r a t e s  the p r o g r n m  fo r  the eva lua t ion  o f .  

an  a r i t h m e t i c  e x p r e s s i o n .  The output p a r a m e t e r  is  the  

a d d r e s s  of the resultr  of the  ar i tbn~etic  e x p r e s s i o n  in OP.  

1. 152.3 T r a n s l a t i o n  of  the  < if c l ause  .> 

The  ff c l ause  is  def ined in the ALGOL 60 - r e p o r t  in i t em 3. 3 .1 .  


With the help of the ( i f  c l ause  ) condit ional  s t a t e m e n t s  and condi t ional  


e x p r e s s i o n s  can be fo rmula t ed .  


1, 15231 S~ntact ic  Defini t ion 


if c l a u s e  ) : : = i f  ( B o o l e a n  e x p r e s s i o n )  then (2R)  

i .  1523~ Amt lys i s  

In th is  c a s e  we have  a r e c u r s i v e ,  jux tapos ing  definit ion.  The dei~nltion 

i s  r e c u r s i v e ,  b e c a u s e  the logical  e x p r e s s i o n  m a y  be a cond/tion=] 

e x p r e s s i o n  ( s e e  the example  in c h a p t e r  1 . 1 2 2 5 ) .  Accord ing  to chap te r  

1 .1332 ( s t r u c t u r e  of the  jux tapos ing  def in i t ion)  t h r e e  ques t ions  had  

to  be  posed  c o r r e s p o n d i n g  to the t h r e e  cons t i tuen t s  of the def/niehs.  

However ,  aeoord ing  to the r u l e s  fo r  s /mplif icat ion~ the f i r e t  two 

qpaestions c a n  be  om/ t t ed  and then r e m a i n s  only the ques t ion  fo r  the 

,y=bol 

1, . !5233 T h e  e e a n i n l  of the < i f  c lause  ) 

' l h e / f  c l a u s e  i s  a lways  fo l lowed  by a s t a t e m e n t  o r  an e x p r e s s i o n .  The 

s t a t e m e a t  o r  t h e  e x p r e s s i o n  a r e  c a r r i e d  out if the logica l  e x p r e s s i o n  

of  t h e / f  c l a u s e  ts  t r ue .  I f  the log ica l  e x p r e s s i o n  is  fa l se ,  the s t a t e m e n t  

o r  t h e  e x p r e s s / o n  i~; ove r jumped .  A s t h e  t a r g e t  a d d r e s s  of th is  j~lrnp 

/ s  zmknown d u r i n g  the t r a n s l a t i o n  of the if c l ause  (open  j ump) ,  the 

sub rou t ine  d e l i v e r s  the  a d d r e s s  of the open jump  as  output p a r a m e t e r .  

F ig ,  1 . 1 - 1 0  shows  the flow of the subrout ine .  
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rSR 

< i f  c l a u s e )  

Y 
1 

[ < B o o l e a n . . e x p r e s s i o n ) - I  

i f  (OP)  -= f a l s e  t h e n  go t o  . . .  

ala~a 

exit 


I ~==.1  j 
f 

RJ 

Fig .  1 .1  - 10 Subrou t ine  fo r  the  t r a n s l a t i o n  of t he  < if c l a u s e  ) 
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1, 1524 T r a n s l a t i o n  0f A r i t h m e t i c  E x p r e s s i o n s  

T h e  a r i t h m e t i c  e x p r e s s i o n  i s  d e f i n e d  in the ALGOL 60 - r e p o r t  in 

i t em 3. 3 .1 ,  

1.15241 Syntac t ic  Defini t ion 

< a r i t h m e t i c  e x p r e s s i o n  > : : = < s imple  a r i t h m e t i c  exp res s ion>  I 

: I < if c l a u s e )  < s imp le  a r i t h m e t i c  e x p r e s s i o n  > 

else  < a r i t h m e t i c  e x p r e s s i o n >  (3R)  

1. 15242 Ana lys i s  

The defini t ion is of the e n u m e r a t i n g  and jux tapos ing  types m o r e o v e r  

it is  r e c u r s i v e .  Af t e r  the ru l e s  fo r  s impl i f i ca t ion  have been  applied,  

t h e r e  r e m a i n  only the ques t ions  for  the s y m b o l s  . i.~. and e l se .  

1. 15243 The Meanin¢ of t h e <  a r i t h m e t i c  e x p r e s s i o n  > 

An a r i t h m e t i c  e x p r e s s i o n  m a y  be condi t ional  o r  uncondi t ional .  

Condi t ional  a r i t h m e t i c  e x p r e s s i o n s  contain  two d i f f e ren t  a r i t h m e t i c  

e x p r e s s i o n s ,  a f i r s t  one, which is  computed if the condit ion is  

s a t i s f i e d  and a second one, which is computed  if the condit ion is 

not sa t i s f i ed .  

Fig.  1.1 - 11 show~ the flow of the subrout ine .  
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( a r i t  i ~ e t  i c  e x p r e s s i o n )  


7. 

C <c >--' ~"D 
-
 ~ [(if clause) I 

[ (s imple  •aritlmetio 

[<si.ple arithmetic expre.ssi,.on> [ 

[. generate: Nk:= (OP) [ 


I 


• n e r a t e :  go t o  . , o  

s u b s t i t u t e  t h e  a d d r e s s  
p in ( B i . i )  

:'"° D 


- ~ a l a r m  
[ _ ( a r i t h m e t i c  e x p r e s s i o n )  I e x i t  

L s u b s t i t u t e  t h e  a d d r e s s  
p in (Bi_ z) 

Contents of the block cells:  

B 1 r e t u r n  jump 

BI- 1- address  of the conditioned jump 

Bi,2 ~d~ ' e s s  of the unconditioned jump 

Fig. 1.1 - 11 Subroutine for  the t rans la t ion  of ~ a r i thme t i c  express ion  ) 


