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Abs t rac t  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
A Trans la to r  Sys t e m  f o r  t he  EULER Programming Language. 

EULEK zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAi s  a gene ra l i za t ion  of the  ALGOL programming language, combining 

the  ALGOL c a p a b i l i t i e s  wi th  many f e a t u r e s  similar t o  McCarthy's LISP language. 

I n  t h i s  p a p e r ,  a new syntax is  presented  f o r  EULER, toge ther  wi th  a n o t a t i o n  

t h a t  s p e c i f i e s  how EULER is  t r a n s l a t e d .  A fas t ,  pushdown-automaton model w a s  

used as a b a s i s  f o r  designing the  t r a n s l a t o r  system, and the  design methods 

used f o r  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAa por t ion  of the  t r a n s l a t o r  are presented.  S y n t a c t i c  methods of 

machine-independent op t imiza t ion  of t h e  t r a n s l a t e d  language are d iscussed ,  

and a s y n t a c t i c  n o t a t i o n  f o r  designing "extendible  compilers" i n  t e r m s  of t h e  

EULER language i s  introduced.  

The second s e c t i o n  of the  r e p o r t  i s  a documentation of t he  in te rmedia te  

language i n t o  which t h e  EULER is  t r a n s l a t e d .  Algorithms f o r  execut ing the  

commands of t h i s  in te rmedia te  language are descr ibed ,  and ve r s ions  of t he  pro- 

grammed algori thms,  r e w r i t t e n  i n  a subse t  of EULER, are presented.  

The appendices conta in  l i s t i n g s  of t he  a c t u a l  t r a n s l a t o r  and in te rmedia te  

language i n t e r p r e t e r  f o r  t h e  EULER system. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
MAP programs w r i t t e n  f o r  t h e  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAIBM 7094 computer. 

These l i s t i n g s  c o n s i s t  of FORTRAN IV- 
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P a r t  I. The EULER Trans la to r  

In t roduct ion  

I n  a previous paper (7), w e  int roduced methods of designing programming 

language t r a n s l a t o r s  us ing  a pushdown automaton model and a no ta t ion  f o r  

spec i fy ing  how t h e  language of the  t r a n s l a t o r  i s  mapped i n t o  i t s  t r a n s l a t i o n .  

I n  t h a t  paper ,  a very  s m a l l  programming language w a s  used i n  the  design of a 

s m a l l  t r a n s l a t o r  system f o r  purposes of demonstration. This  paper w i l l  presen t  

a much expanded example of t r a n s l a t o r  design based on the  EULER programming 

language of Wirth and Weber (11).  

draw upon r e s u l t s  and n o t a t i o n  used i n  t h e  previous p a p e r .  

Much of t he  d i scuss ion  i n  t h i s  paper w i l l  

Our f i r s t  o rder  of bus iness  i s  a syntax  of EULER. Readers of t he  Wirth 

and Weber paper w i l l  no te  t h a t  t h e  o r i g i n a l  EULER grammar w a s  w r i t t e n  i n  a very 

s t y l i z e d  f a sh ion  with many extra symbols introduced i n  o rde r  t o  f i t  t h e  grammar 

i n t o  the  framework of t h e  Wirth and Weber t r a n s l a t i o n  algori thm. The EULER 

syntax t o  be presented  i n  t h i s  r e p o r t  has  been r e w r i t t e n ,  n o t  f o r  t he  purpose 

of conforming t o  another  t r a n s l a t i o n  algori thm, but  t o  show t h a t  a more nea r ly  

t r anspa ren t  syntax  can s t i l l  y i e l d  an acceptab le  t r a n s l a t o r .  I n  f a c t ,  the  

o r i g i n a l  EULER syntax  would a l s o  "work" i n  our  system, and the  new ve r s ion  of 

the  EULER syntax might be thought of as an exercise i n  a e s t h e t i c s .  

During t h e  w r i t i n g  of t he  EULER t r a n s l a t o r  system, an i d e a  began t o  take  

shape concerning s imple and clever methods f o r  extending the  EULER language and 

f o r  us ing  s y n t a c t i c  methods f o r  t h e  purpose of producing p a r t i a l l y  optimized 

code from t h e  t r a n s l a t o r .  These methods w i l l  be discussed i n  the  fol lowing sec- 

t i o n s  t h a t  d e a l  wi th  opt imiza t ions  and methods of extending t h e  system. 

Readers i n t e r e s t e d  i n  l ea rn ing  how t o  use  the  EULER language are r e f e r r e d  

t o  t h e  extremely w e l l  w r i t t e n  p re sen ta t ion  i n  the  o r i g i n a l  EULER paper (11). 

That paper conta ins  examples of EULER programs, a few of which have typographic 

e r r o r s  t h a t  t h e  c a r e f u l  reader  can use  t o  test h i s  knowledge of t he  language. 

Because the  EULER r e p o r t  d e a l s  only wi th  t h e  r e fe rence  language (i.e.-, had 

numerous symbols n o t  a v a i l a b l e  on many card-punch machines),  an appendix i s  

included wi th  t h i s  paper t o  i n d i c a t e  the  programming conventions used wi th  the  

Univers i ty  of Maryland EULER system. 

guide t o  EULER f o r  programmers who know some ALGOL. 

This  appendix might a l s o  be a u s e f u l  f i r s t  
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An EULER Trans la t ion  Grammar 

The n o t a t i o n  f o r  t h e  fol lowing grammar is  an ex tens ion  of t h e  no ta t ion  

used i n  the  previous r epor t .  I n  t h i s  n o t a t i o n ,  s y n t a c t i c  r u l e s  spec i fy ing  

the programming language are pa i r ed  wi th  r u l e s  of t r a n s l a t i o n  t h a t  spec i fy  

how t he  language i s  t r a n s l a t e d ,  as i n  t he  fol lowing example: 

Syn tac t i c  Rule Rule of T rans l a t ion  

<sum> + <term> I 

I +<term> term> 

I -<term> <term> .NEG. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
I <sum>+< term> <sum> < term>+ 

I <sum>-< term> <sum> < term> - 
I n  t h i s  example, sequences of symbols are rearranged i n  t h e  process  of t rans-  

l a t i o n .  Thus, t h e  i n f i x  a d d i t i o n  of "<sum>+<term>" is  t r a n s l a t e d  i n t o  t h e  

reverse P o l i s h  a d d i t i o n  of "<sum><term>+". The unary p l u s  s i g n  i n  the  se- 

quence "+<term>" i s  discarded  i n  t h e  t r a n s l a t e d  sequence f o r  <term>. When 

the  <term> s t a n d s  by itself as a descendant of a <sum>, no symbols are added 

o r  de l e t ed  i n  the  t r a n s l a t i o n  (hence, t he  no ta t ion  used i s  I f o r  I d e n t i t y  

Trans l a t ion ) .  

I n  t h e  r u l e s  of t r a n s l a t i o n  f o r  the  f u l l  grammar, t h e r e  are c e r t a i n  se- 

quences of symbols whose meaning may n o t  s e e m  obvious on a f i r s t  reading.  

example, t o  understand why t h e  EULER s ta tement  

For 

"A=B*C+D. I N . .  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA, I '  

i s  t r a n s l a t e d  i n t o  the  sequence zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
".VRBL.A .VRBL.B . I N .  .VRBL.C . IN.*  .VRBL.D.IN..IN.+=.," 

i t  i s  w e l l  t o  know something about  how p o i n t e r s  t o  d a t a  are manipulated i n  the  

EULER reverse POLISH s t r i n g  i n t e r p r e t e r .  This  i n t e r p r e t e r  is descr ibed i n  the  

next  s ec t ion .  To understand why t h e  EULER statement 

' I .  1F.A.AND.B. .THEN. C.ELSE.D. ,I1 

is  t r a n s l a t e d  i n t o  t h e  sequence 

".VRBL.A.IN..FAND..VRBL.B.IN..SAND..IF..V~L.C.IN..SWCH..~~..NOT,.IF.. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
11 VRBL.D..IN..SWCH..THEN..,., 

i t  is  w e l l  t o  read t h e  fol lowing s e c t i o n  on s y n t a c t i c  methods of producing 

optimized t r a n s l a t i o n s  as w e l l  as t h e  i n t e r p r e t e r  desc r ip t ion .  The d e s c r i p t i o n s  

of EULER programming i n  t h i s  paper and i n  t he  Wirth and Weber article w i l l  a l s o  

be q u i t e  u se fu l .  
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The full EULER grammar follows. A comparison of this grammar with the 

original one will satisfy the interested reader that the languages are virtu- 

ally identical, although the grammars are different in form. 

The Grammar 

Syntactic Rule zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
<program>+.ENTRY<block>.EXIT. 

<block>+<blockhead><body>.END 

<blockhead>+.BGIN. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
I <blockhead><laheldec>. , 
I <blockhead><vardec>. , 

<vardec>+.NEW.<name> 

I <vardec> , <name> 

<labeldec>-+.LABL.<name> 

1 <labeldec> , <name> 

<body>+<body>.,<stat> 

I <stat> zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
<s tat>+<labeldef><stat> 

I <expr> 

<labeldef >+<name>. . 
< expr>-+< block> 

I <dis j > 

] <var>=<expr> 

I . GOTO. <prim> 

I . OUT. <prim> zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
I <condition><consequence><alternative> 

<condition>-+.IF.<expr> 

<consequence>+.THEN.<expr> 

<alternative>+.ELSE.<expr> 

<dis j>-+<conj> 

I <dis j > . OR. <con j > 

<conj>+<neg> 

I <conj>.m~.<neg> 

<neg>-+<relation> 

Rule of Translation 

<block> 

I 

I 

<blockhead><labeldec> 

<blockhead><vardec> 

.NEW. <name:. 

<vardec>.NEW.<name> 

.LABL.<name> 

<labeldec>.LABL.<name> 

I zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
I 

I 

I 

. LBDF . <name> 

I 

I 

<var> < exp r> = 

<prim>.GOTO. 

<prim>. OUT. 

I 

<expr>.IF. 

<expr>.SWCH .. THEN .. NOT. ..IF. 

<expr>.SWCH. .THEN.. , 
I 

<dis j > . FSOR. < con j > . S COR 

I 

<conj > . FAND . <neg>. SAND. 

I 
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Syntactic Rule Rule zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAof Translation 

<relop>+( .EQ. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA1 .NEQ. I 
. GT. I . GEQ. I .LT. I .LEQ. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA1 
<sum>+<ter?n> 

I +<term> 

I -<term> 

I <sum>€+ zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA1-1 <term> 

l<term>(*l/~./.l .MDLO.)<factor> 

< term>+<factor> 

<f actor>+<catena> 

I <fact or > ** < catena> 

< catena>+<prim> 

I <catena>. CNCT. <prim> 

<prim>+. UNDF. 

I <var> 

I <label> 

I (<expr>) 

I <procdef > 

I <referenceprim> 

1 <listprim> 

1 <numberprim> 

I <logicalprim> 

I .TAIL. <prim> 

I <var><list> 

I <symbolprim> 

< label>-+<name> 

<var>+<name> 

1 <var*. IN. 

I <var> zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA(<sum>) 

<referenceprim>+.AT.<var> 

<lis tprim>+<lis t> 

I 

I 

<term> 

<term> .NEG. 

<sum>< term>€+l-l 

I 

<term><factor>(*l / I  ./. 1 .MDLO.I 

I 

<factor><catena>** 

I 

<catena><prim>. CNCT. 

I 

<var>. IN. 

<label>. IN. 

<expr> 

I 

I 

I 

I 

I 

<prim>. TAIL. 

<var>. LSCL. <list> 

I 

. VRBL . <name> 

. VRBL. <name> 

war>. IN. 

war> < s um> ) 

<var> 

I 
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Syntactic Rule 

I zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA. LIST. <sum> 

<list>+<listhead>). 

1 <lis thead> <expr>) . 
< listhead>+. ( 

<listhead><expr>, 

<numberprim>+<number> 

I .REAL.<disj> 

I . LNGT. <catena> 

I . ABST . <sum> 

1 . INTG. <sum> 

<logicalprim>+.TRUE. 

1 .FLSE. 

I . LGCL. <sum> 

1 typeinquiry><var> 

< typeinquiry>+{ . ISIJU. I 
.ISLO. I .  ISLA. I .ISLI. I .ISPR. I zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
.ISRE. 1 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA.ISSY. I .Ism*) 

<symbolprim> +.* <6-symbolstring> 

<procdef>+<prochead><expr>$. 

<prochead>+. $ 

I <prochead><formaldec>. 

<formaldec>+.FRML.<name> 

I <f ormaldec> <name> 

<6-symbolstring> + {<letter> I <digit> I <blank> 

I zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAY I .  1 $ 1  *I ? l = l + l - l )  I (I6 
(i.e. 6 characters) 

k 
<name>+{<letter>{<letter> I <digit>) 

k=O,l, ..., 5) 

(i.e.y a name is a letter followed 

by up to five letters or digits.) 

<number>+<integer> 
I <integer> ‘l) .<integer> (2) 

<integer>+<digit> 

Rule of Translation 

<sum>. LIST. 

I 

I 

I 

I 

.NMBR. <number> 

<disj>.REAL. 

<catena>. LNGT. 

<sum>.ABST. 

<sum>.INTG. 

I 

I 

<sum>. LGCL. 

<var>< typeinquiryz 

I 

<prochead><formaldec> 

. FRML . <name> 

<f ormaldec> . FRML. <name> 

I 

I 

TEMP (1) 

TEMP ( 1) zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA+S CALExTEMP ( 2) 

SCALEtO. 1; 

TEMe(i).+value. (<digit>). ; 
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Syntactic Rule 

I <integer><digit> 

Rule of Translation 

TEMP (i)+lOxTEMP (i)+value zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA. ( digit ) . ; 
SCALE 0. lxSCALE ; 

I 

I 
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S y n t a c t i c  Methods f o r  Optimizing Expressions 

A t  two p o i n t s  i n  the  grammar above, t h e  r u l e s  of t r a n s l a t i o n  spec i fy  t rans-  

l a t e d  sequences of symbols t h a t  are n o t  i n  reverse Pol i sh .  

doing t h i s  i n  the  grammar i s  t o  provide a framework f o r  execut ing the  r e s u l t i n g  

expressions so  as t o  s k i p  over  redundant po r t ions  of t he  t r a n s l a t e d  s t r i n g .  One 

of the  in s t ances  of t h i s  t r a n s l a t e d  s t r u c t u r e  i s  t he  r u l e  

The motivat ion f o r  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
<disj>+<disj>.OR.<conj>. 

In ordinary  P o l i s h  n o t a t i o n ,  t h e  r u l e  of t r a n s l a t i o n  would be the  sequence 

<disj><conj>.OR. 

However, t h i s  t r a n s l a t i o n  does n o t  take  i n t o  account t he  f a c t  t h a t ,  i f  t he  < d i s j >  

i s  .TRUE., t h e r e  is no need t o  eva lua te  the  <conj> i n  the  expression.  

It w a s  decided in s t ead  t o  w r i t e  t he  r u l e  of t r a n s l a t i o n  as fol lows:  

< d i s  j zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA> . FSOR. < con j > . SCOR. 

When t h i s  t r a n s l a t e d  express ion  i s  executed, the  .FSOR. ope ra to r  i s  read imme-  

driately a f t e r  the  < d i s j >  p o r t i o n  of the  express ion  i s  evaluated.  The e f f e c t  of 

execut ing .FSOR. i s  t o  cause t h e  i n t e r p r e t e r  t o  s k i p  over  t he  <conj> when t h e  

< d i s j >  i s  eva lua ted  as .TRUE. . I n  o rde r  t o  s k i p  over t he  segment of program 

between .FSOR. and .SCOR., t h e  i n t e r p r e t e r  r o u t i n e  treats t he  program t e x t  as 

though i t  w e r e  a t a b l e  of l a b e l s ,  and scans  ahead u n t i l  i t  encounters  an .SCOR. 

t h a t  matches the  .FSOR. by which the  r o u t i n e  w a s  ac t iva t ed .  Thus, t h e  .SCOR. 

ope ra to r  is  n o t  executed by t h e  i n t e r p r e t e r ,  b u t  i s  used as a p l a c e  marker i n  the  

t r a n s l a t e d  program. 

The s y n t a c t i c  r u l e  <conj>-t<conj>.AND.<neg> 

i s  matched wi th  t h e  t r a n s l a t i o n  r u l e  

<conj>.FAND.<neg>.SAND. 

f o r  t h e  same reason as given above. I n  t h i s  case, i f  <conj> has  l o g i c a l  va lue  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
.F'LSE., t h e  t r a n s l a t e d  program segment between .FAND. and zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA.SAND. is  skipped over 

by .the i n t e r p r e t e r  rou t ine .  

A s i m i l a r  r a t i o n a l e  w a s  used i n  determining t h e  r u l e s  of t r a n s l a t i o n  used 

f o r  cond i t iona l  s ta tements .  I n  t h i s  case, i t  w a s  decided t o  break down EWER 

cond i t iona l  s ta tements  from t h e  form zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
( 3 )  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAI 1  

( 3 )  I t  

'1. IF. <expr > ( I )  . THEN. <expr >(2) .ELSE. <expr > . , 
i n t o  the  form ".IF. <expr>(l).THEN. <expr> (2) 

. IF.  .NOT. <expr> . THEN. <expr> . , . . 
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I n  order  t o  avoid eva lua t ing  < e x p r > ( l )  twice i n  t he  t r a n s l a t e d  program, the 

fol lowing s t r a t e g y  w a s  developed: 

A t  run t i m e ,  t he  EULER P o l i s h  i n t e r p r e t e r  s t o r e s  the  va lues  of eva lua ted  

expressions i n  sequence on top of a stack of operands. I t  is t he re fo re  poss ib l e  

t o  r e t a i n  the  va lue  of <expr>(') f o r  re-use i n  t h e  t r a n s l a t e d  program. 

the  a c t u a l  t r a n s l a t i o n  of t h e  cond i t iona l  s ta tement  above is  t h e  fol lowing 

sequence : 

Thus, zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
11 "<exp r> . IF.  <expr> zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA(2)  .S IKH.  .THEN. .NOT.. IF. <expr> (3) .SWCH. .THEN.. , . , 

Here, the  .IF.  command leaves t h e  va lue  of <expr>( l )  i n  p l a c e  on the  operand 

s tack .  

ven t ions ,  <expr>(2)  w i l l  a l s o  reduce t o  a s i n g l e  value.  

completed, t he  operand s t a c k  w i l l  conta in  the  sequence 

I f  <expr>(') i s  t r u e ,  <expr>(2)  i s  eva lua ted ,  and, by the  EULER con- 

(2) is When <expr> 

value.  (<expr> zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA(1)) . , value .  (<expr> (2)) . 
as t h e  two topmost operands. It i s  then only necessary t o  switch t h e s e  two 

operands (us ing  the  .SWCH. command), nega te  the  topmost operand (us ing  .NOT.), 

and s k i p  over < e ~ p r > ( ~ )  t o  the  .THEN. t h a t  matches t h e  .IF.  opera tor .  

e x t r a  semicolon a f t e r  t h e  .THEN. p l ace  marker serves t o  unstack the  va lue  of 

.NOT.<expr>(l) a t  t h e  end of t he  cond i t iona l  s ta tement .  

a l s o ,  t he  use  of a placemarker known t o  t h e  i n t e r p r e t e r  f a c i l i t a t e s  skipping 

over redundant po r t ions  of t he  t r a n s l a t e d  program. 

The 

Thiis, i n  t h i s  case 

Some S y n t a c t i c  Methods of Extending the  EULER Language 

Af te r  developing the  appropr i a t e  techniques f o r  breaking down cond i t iona l  

s ta tements  and f o r  opt imizing l o g i c a l  express ions ,  t h e  nex t  ques t ion  concerns 

us ing  these  s y n t a c t i c  t r i c k s  t o  provide extended f a c i l i t i e s  i n  the  EULER lan- 

guage. The ex tens ions  t o  be  descr ibed  i n  what fo l lows  have n o t  y e t  been pro- 

grammed i n t o  t h e  system, t h e r e  being a minor o b s t a c l e  of t i m e  and money 

p resen t ly  o b s t r u c t i n g  progress .  

The i n t r o d u c t i o n  of f u l l  s t r ing-process ing  f a c i l i t i e s  i n t o  t h e  EULER system 

is  t h e  f i r s t  example t o  be considered. Without a l t e r i n g  t h e  EULER i n t e r p r e t e r ,  

and wi th  very  l i t t l e  reprogramming of t he  t r a n s l a t o r ,  w e  can e f f e c t  t h e  fol lowing 
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improvement zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA: 

Syn tac t i c  Rule Rule of T rans l a t ion  

<prim> -+ <st r ingpr im> zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
<stringprim>+<stringhead>/. 

<stringhead>-+./  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
I <s tringhead><symbol> 

I 

<s t r inghead>) .  

- (  

<stringhead>.*<symbol>, 

Here, a s t r i n g  of a r b i t r a r y  l eng th  i s  t r a n s l a t e d  i n t o  a l i s t  whose cells s t o r e  

the  symbols of t he  s t r i n g  one symbol t o  the  ce l l  i n  sequence. With t h i s  ar- 

rangement, i t  i s  p o s s i b l e  t o  manipulate s t r i n g s ' u s i n g  t h e  l i s t  concatenat ion 

ope ra to r ,  t he  .TAIL.' opera to r ,  and us ing  EULER subrout ines  f o r  performing 

tests f o r  l i s t  e q u a l i t y  and containment. 

The second example involves  the  a d d i t i o n  of f a c i l i t i e s  f o r  reading i n  

d a t a  a t  run t i m e  wi th in  t h e  framework of t he  EULER system. I n  t h i s  case, 

a d d i t i o n a l  s t r u c t u r e s  must be  provided i n  the  EULER P o l i s h  s t r i n g  i n t e r p r e t e r .  

These f a c i l i t i e s  would t ake  the  form of r o u t i n e s  f o r  conver t ing  numbers i n t o  

t h e i r  i n t e r n a l  r e p r e s e n t a t i o n  and f o r  packing s t r i n g  da ta .  The added syntax  

might resemble the  fol lowing r u l e  system: 

S y n t a c t i c  Rule 

<program>+.ENTRY<block>.EXIT. 

I .ENTRY<data>. ,<block>.EXIT. 

<data>-+<datahead>.END. 

Rule of T rans l a t ion  

<block> 

<data><block> 

I 

<datahead>-+.DATA.<item> I 

I <datahead>. , < i t e m >  I 

I zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA<s t r ingprim> I 

I < d a t a l i s  t> I 

< i tem>-t<number> I 

<datalist-<datalisthead>). I 

<datalisthead>-+.(<item> I 

I<da ta l i s thead>  , < i t e m >  I 

With t h i s  program s t r u c t u r e ,  t h e  <data> p o r t i o n  could be read  i n  by a subrout ine  

t h a t  leaves t h e  <data> i n  a pre-arranged l o c a t i o n  i n  memory. The i n t e r p r e t e r  

r o u t i n e  could then be read  i n  on top of t h e  d a t a  subrout ine ,  and t h e  t r a n s l a t e d  
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program would be executed. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAA s ta tement  of t he  form zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA".READ. prim would then 

s t o r e  an appropr i a t e  l i n k  t o  some segment of t h e  read-in d a t a  on top of t he  

operand s t a c k  of t h e  i n t e r p r e t e r .  

The t h i r d  example involves  t h e  use  of a s y n t a c t i c  n o t a t i o n  t o  expand 

the  EULER Language i n t o  a se l f - ex tend ib le  programming language similar t o  

MAD/1 ( 4 )  and ALGOL zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA6 8  (10). 

c u r r e n t l y  mean the  fol lowing two th ings  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA: 

By an  ex tend ib le  programming language, people 

(a) A language i n  which the  programmer can spec i fy  new d a t a  types and 

d a t a  s t r u c t u r e s  composed of novel  conf igura t ions  of d a t a  elements.  

A language i n  which t h e  programmer i s  ab le  t o  r eo rde r  t he  p r i o r i t i e s  

of expression ope ra to r s  and i s  a b l e  t o  spec i fy  a r b i t r a r y  new opera t ions  

a t  w i l l .  

I n  EULER, t h e r e  a l r eady  exists a very gene ra l  mechanism f o r  a l lowing programmers 

t o  manipulate d a t a  s t r u c t u r e s ,  namely, t he  l i s t  mechanism. EULER l is ts  can be 

(b) 

cons t ruc ted  from a r b i t r a r y  combinations of d a t a  elements. However, EULER only 

has  e i g h t  d a t a  types wi th  no f a c i l i t i e s  f o r  extending t h e i r  ranges.  Such 

range-extension f a c i l i t i e s  depend on the  machine on which the  language i s  

implemented, and algori thms f o r  spec i fy ing  such th ings  as numbers of a r b i t r a r y  

p r e c i s i o n  must be w r i t t e n  f o r  t h e  machine i n  quest ion.  Hence, our example w i l l  

concent ra te  on t h e  machine-independent problem of spec i fy ing  new ope ra to r s  i n  

programs. 

Any reasonable  programming language must presuppose the  ex i s t ence  of a 

s tandard  set  of express ion  ope ra to r s  before  provis ion  i s  made f o r  a l lowing 

programs t o  expand t h i s  set  of opera tors .  With each s tandard  opera tor  w i l l  

be a s soc ia t ed  a s tandard  precedence level, and t h e  ope ra to r s  t o  be introduced 

by t h e  programmer must a l s o  have precedence levels. A s  t h e  term is  c u r r e n t l y  

used, opera tor  precedence (or  p r i o r i t y )  i s  a measure of how express ion  ope ra to r s  

compare i n  binding power. For example, exponent ia t ion  i s  s a i d  t o  have a lower 

precedence than a d d i t i o n ,  because exponent ia t ion  is  performed before  a d d i t i o n  

i n  arithmetic express ions ,  Thus, precedence imposes on t h e  opera t ions  of a 

language. This  o rde r ing  is  r e f l e c t e d  i n  t h e  order ing  of syntax  r u l e s  i n  pro- 

gramming language grammars. I n  t h e  EULER grammar above, r u l e s  are ordered s o  

t h a t  l ist  concatenat ion is  performed f i r s t ,  then exponent ia t ion ,  and so  on, 

u n t i l  t he  ope ra t ion  of va lue  assignment. From concatenat ion t o  assignment 

of va lue  t h e r e  are n ine  levels of precedence. 
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Our approach i n  providing f o r  t h e  programming of new opera t ions  i s  t o  

a s s ign  these  opera t ions  t o  one of n ine  classes of o p e r a t o r s ,  r e f l e c t i n g  the  

n ine  l e v e l s  i n  the  o r i g i n a l  grammar. 

d e c l a r a t i o n  t o  t h e  language, and by pe rmi t t i ng  the  programmer t o  d e f i n e  new 

ope ra to r s  and rear range  t h e i r  precedences a t  w i l l .  

t h i s  i n  our  system are as fol lows:  

We accomplish t h i s  by adding an opera tor  

The r u l e s  f o r  permi t t ing  

Syn tac t i c  Rule 

<exp r>+<var> <opname><exprP zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
I < d i s  j zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA> 

< d i s  j >+<dis j > Copname>< con j > 

[<con j>  

Rule of T rans l a t ion  

. (<var>, . $<expr>$ .) . .CALL. <opname> 

I 

.(.$<disj>$.,.$<conj>$.).CALL.<opname> 

I 

<catena>% catena><opname><prim> .(.$<catena>. ,$<prim>$.)..CALL.<opname> 

<blockheads+ 

<blockhead> < opera t o  rde  c> . , <bloekhead><operatordec> 

<operatordec>+.OPRT.<opname> .OPRT. <opname> 

1 <operatordec> , <opname> <operatordec>.OPRT.<opname> 

(Programs now have ope ra to r ,  d a t a  v a r i a b l e ,  and l a b e l  dec l a ra t ions .  

Procedures may then have ope ra to r s  g loba l  t o  them, b u t  may n o t  have 

ope ra to r s  passed t o  them as parameters of procedure c a l l s . )  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
L 

S y n t a c t i c  Rule 

<numberprim>+.PREC.<opname> 

(.PREC. i n q u i r e s  about t h e  
precedence of t he  fol lowing 
< opname> . ) 

<eqpr>-t<opname>=<opdef> 

(Def in i t i on  of new ope ra to r s  
and r e d e f i n i t i o n  of o l d  ones.) 

Rule of Trans la t ion  

I 

. OP . <opname><opdef >= 



1 2  

Syn tac t i c  Rule Rule of T rans l a t ion  

<opdef> zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA+ <defhead><expr>$. I 

<defhead> -+ zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA<formalpart><precedencepart> I 

<formalpart> + .$.FRML.<name>., .$.FRML.<name: zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
I . $ . FRML. <name> , <name>. , .$.FRML.<name>.FRML.<name 

<precedencepart> + RANK=<digit>., RANK.NMBR.<digit>=. , 

<opname> -+ { = 1 + J - ] * 1 . . :  I .CNCT. 

I . I < l e t t e r > ] < d i g i t > } 4 . }  I 

I n  the  syntax  above, t he  <opname> i n  each r u l e  i s  t r a n s l a t e d  i n t o  

a procedure ca l l ,  with  parameters cons i s t ing  of t he  operands assocra ted  

wi th  each Copname>. These procedure ca l l s  e i t h e r  r e f e r  t o  t h e  "standard" 

opera tor  a s soc ia t ed  wi th  a p a r t i c u l a r  precedence level o r  r e f e r  t o  the  

t r a n s l a t e d  <opdef> 's  introduced i n t o  the  program. 

t r a n s l a t o r  w i l l  automat ica l ly  enc lose  each t r a n s l a t e d  program with an e x t r a  

o u t e r  block conta in ing  the  procedure d e f i n i t i o n s  of t he  s tandard  opera tors .  

I n  t h i s  way, t h e  s tandard  ope ra to r s  can be redefined w i t h i n  a p a r t i c u l a r  

program, bu t  w i l l  r ega in  t h e i r  usua l  meaning upon e x i t  from the  block i n  

which t h e  r ede f in ing  s ta tement  occurred.  

It is  assumed t h a t  the  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
A c e r t a i n  amount of op t imiza t ion  i s  s t i l l  p o s s i b l e  wi th in  the  frame- 

work of t h i s  ex tend ib le  t r a n s l a t o r .  A s  an  example, suppose w e  w r i t e  t he  

fol lowing r o u t i n e  as t h e  procedure corresponding t o  t h e  s tandard  opera tor  

f o r  l o g i c a l  conjunction: 

.AND.= .$.FRML.X,Y.,RANK=7., 

.BGIN..NEW.Z.,Z=X., 

.IF.Z.THEN. 

.IF.ISLO.Y.THEN.Y.ELSE..GOTO.ERROR 

.ELSE. Z .END.$. 

The a c t u a l  parameters i n  t h e  procedure cal l  f o r  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA.AND. are subexpressions 

surrounded by .$ and $. . Thus, t he  e f f e c t  of t he  s ta tement  

"Z=X* )" 

i s  t o  eva lua te  t h e  X parameter only once and n o t  t o  eva lua te  t h e  Y parameter 

un les s  2 is  .TRUE. . 
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Other p o s s i b l e  ex tens ions  t o  the  EULER language inc lude  the  a d d i t i o n  

of ALGOL-like i t e r a t i o n  statements, as w e l l  as more r a p i d  FORTRAN-style 

i t e r a t i o n s .  

incorpora t ing  a l i t t l e  extra syntax  i n t o  the  t r a n s l a t o r ,  and by having 

the  language of t h a t  syntax  translate i n t o  appropr i a t e  procedure calls 

I n  both these  cases, t he  add i t ions  can be made e a s i l y  by 

t o  g loba l  "sys t e m "  procedures.  

How a Sect ion  of t he  Trans l a to r  Was Designed--An Example 

It i s  assumed t h a t  r eade r s  of t h i s  s e c t i o n  w i l l  have some f a m i l i a r i t y  

wi th  the  t r a n s l a t o r  example i n  t h e  previous paper (8) on t h i s  sub jec t .  I n  

o rde r  t o  s impl i fy  t h e  programming of t he  t r a n s l a t o r ,  i t  w a s  decided t o  have 

the  reserved words of t he  language perform as many func t ions  as poss ib l e  i n  

the  t r a n s l a t i o n .  Thus, t h e  reserved  words a c t u a l l y  appear i n  t r a n s l a t i o n s  

as commands f o r  t h e  i n t e r p r e t i v e  system where appropr i a t e ,  and are s t o r e d  

on the  pushdown s t o r e  of t h e  t r a n s l a t o r  i n  p l ace  of the  "nonterminal symbols" 

of t he  normal-form ve r s ion  of t he  grammar. For example, i n  t h e  normal-form 

grammar f o r  EULER, the  r u l e  

<expr> +X <alternative> 
1 

XI+ X <consequence> zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
X2+ <condi t ion> zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA2 

By l e t t i n g  X1 be .THEN. and X2 be .IF.  i n  t h e  t r a n s l a t o r ,  t he  coding i s  

g r e a t l y  s i m p l i f i e d ,  and no ambigui t ies  are in t roduced ,  since t h e  X. can be 

t r e a t e d  as "new and d i s t i n c t "  symbols. The f lowchar t  of Figure 1, showing 

t h e  t r a n s i t i o n s  t o  and from the  box corresponding t o  <expr>,  i l l u s t r a t e s  

how the  EULER t r a n s l a t o r  given i n  Appendix 

1 

w a s  programmed. 



T FOR (block) zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
14  

< > 

Figure  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA1 .  A Por t ion  o f  the EULER Trans la to r  
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- zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAError  Messages and Er ro r  Scans i n  the  Trans l a to r  

I n  t h e  f lowchart  segment of F igure  1, no e r r o r  exi ts  are i nd ica t ed .  

This i s  because,  wi th  t h i s  t rans la tor -des ign  a lgor i thm,  e r r o r  e x i t s  a r e  

implied; i . e . ,  when t h e  appropr i a t e  combination of program and pushdown- 

s t o r e  symbols are n o t  read a t  some s t a g e  of t he  computation, a s y n t a c t i c  

e r r o r  i n  the  program i s  i nd ica t ed .  Rather  than h a l t  the  processing o f  

an inpu t  program a t  t h i s  p o i n t ,  i t  w a s  decided t o  provide a f u l l  e r r o r  

scan ,  one t h a t  p o i n t s  ou t  t h e  l o c a t i o n  of each e r r o r  as i t  occurs .  

The error-scanning mechanism i s  based on the  fol lowing observa t ion  

concerning t h e  EULER syntax: The <body> of a program c o n s i s t s  of sequences 

of the  form 

<body>. , zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA<s tat> 

where the  <stat> may be some a d d i t i o n a l  sequence of s ta tements  surrounded 

by . B G I N .  and .END. . Thus, i t  i s  p o s s i b l e  t o  treat t h i s  level of the  

programming language as a synchronizable  encoding ( 7 )  i n  which the  decoding 

process  can be resumed after an e r r o r  occurs  because t h e  decoding algori thm 

does no t  "know" the  d i f f e r e n c e  between an inpu t  sequence of t he  form 

,<stat>('). ,<stat> zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA(3) . , zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAI 1  

and one of the  form 

fl<stat>(l). ,<stat> (3) . , zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAI 1  . 
Because of t h i s  proper ty  of t h e  grammar, a scanning r o u t i n e  can be constructed 

so  t h a t ,  whenever the  t r a n s l a t o r  f i n d s  a program e r r o r ,  t h e  r o u t i n e  scans fo r -  

ward i n  t h e  program u n t i l  i t  encounters  t he  f i r s t  semicolon o r  .END. fol lowing 

t h e  e r r o r .  This r o u t i n e  then resets t h e  t r a n s l a t o r  s o  t h a t  t r a n s l a t i o n  resumes 

a t  t h e  program l o c a t i o n  fol lowing the  semicolon o r  .END. . If a semicolon i s  

encountered, t h e  t r a n s l a t o r  resumes t r a n s l a t i o n  a t  i ts  i n i t i a l  po in t ;  i f  an 

.END. i s  encountered, t h e  t r a n s l a t o r  resumes t r a n s l a t i o n  i n  the  s e c t i o n  

corresponding t o  <body>. 

It is conjec tured  he re ,  bu t  n o t  proved, t h a t  t h i s  error-scanning mech- 

anism w i l l  never  permi t  t h e  p r i n t i n g  o u t  of a t r a n s l a t e d  program conta in ing  

an e r r o r .  The reason f o r  t h i s  conjec ture  i s  t h a t  t h e  syntax-checking mech- 

anism of the  t r a n s l a t o r  i s  c r i t i c a l l y  s e n s i t i v e  t o  the  balancing of .BGIN.'s 

and .END.'s,  l e f t -and  r i g h t  parentheses ,  etc . ,  i n  a program. 

e r r o r  i s  discovered i n  a program, some extra symbol w i l l  remain on the  

pushdown s t o r e ,  and t h i s  symbol w i l l  u l t i m a t e l y  cause an e r r o r  message when 

Thus, when an 
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t he  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA.EXIT. command of t h e  program is  read.  With an e r r o r  message a t  t h i s  

p o i n t  i n  the  program, i t  i s  a very s imple matter t o  suppress  the  punching 

out  of t h e  t r a n s l a t e d  program. So far, experience wi th  t h e  t r a n s l a t o r  has 

borne ou t  t h i s  conjec ture .  

A Missing Fea ture  of t h e  Trans l a to r  

I n  s e c t i o n  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA4 . 7 . 3 . 3  of t h e  r ev i sed  ALGOL r e p o r t  (19, the  fol lowing 

d e s c r i p t i o n  of procedure calls appears:  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
... If t h e  procedure i s  c a l l e d  from a p l a c e  ou t s ide  the  scope 
of any nonloca l  q u a n t i t y  of the procedure body the  c o n f l i c t s  
between t h e  i d e n t i f i e r s  i n s e r t e d  through t h i s  process  of body 
replacement and the  i d e n t i f i e r s  whose d e c l a r a t i o n s  are v a l i d  
a t  t h e  p l a c e  of t h e  procedure s t a t emen t . . .w i l l  be  avoided 
through s u i t a b l e  sys temat ic  changes of t he  l a t te r  i d e n t i f i e r s .  

The meaning of t h i s  condi t ion  can be seen  i n  terms of  the  fol lowing EULER 

programming example : 

.ENTRY.BGIN..NEW.A,B., 

A=2., 

B=.$A$. . , 
.BGIN. .NEW.A.,A=5. 

.OUT.B.END.., 

.OUT.B .END. .EXIT. 

Following t h e  d i c t a t e s  of t he  ALGOL r e p o r t ,  t h e  number 2 would be w r i t t e n  

ou t  t w i c e  by t h e  program above. This is because t h e  v a r i a b l e  A i s  g loba l  

t o  t h e  d e f i n i t i o n  of procedure B, and hence, some t r a n s l a t i o n  r o u t i n e  would 

have t o  rename A zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAso t h a t  t h e  t r a n s l a t e d  program would be  similar t o  what 

would appear i f  t h e  above program had o r i g i n a l l y  been w r i t t e n  i n  t h e  follow- 

ing  way : .ENTRY .BGIN. .NEW.Z,B. $ 

z=2., 
B=. $Z$. . 
.BGIN..NEW.A.,A=3., 
.OUT.B.END.., 
.OUT.B.END..EXIT. 

Although t h i s  ALGOL p r i n c i p l e  i s  n o t  d i r e c t l y  s t a t e d  i n  t h e  EULER r e p o r t ,  

t h e r e  is an i n d i c a t i o n  t h a t  v a r i a b l e s  i n  procedures are bound t o  t h e  block 

i n  which they occur.  Thus, something l ike  s e c t i o n  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA4.7.3.3 must have been 

p a r t  of t he  o r i g i n a l  EULER. 
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I n  our  EULER t r a n s l a t o r ,  t h e  e f f e c t  of execut ing  t h e  program example above 

would be t o  write o u t  t h e  number 5 followed by t h e  number 2. Thus, s e c t i o n  

4.7.3.3 has n o t  y e t  been implemented f o r  our  system, al though the  programming 

involved is  f a i r l y  s t r a igh t fo rward .  

be submitted t o  ob ta in  t h e  c o r r e c t  r e s u l t s ,  and so  t h e  programmer must rename 

A t  p r e s e n t ,  t he  second program above must 

h i s  program v a r i a b l e s  r a t h e r  than have the  t r a n s l a t o r  perform the  renaming. 

T rans l a t ion  T i m e s  and Memory Requirements 

The p resen t  EULER t r a n s l a t o r  programed i n  FORTRAN I V  on the  IBM 7094 

machine takes  approximately 5600 words of memory, inc luding  FORTRAN system 

r o u t i n e s  and space f o r  500 packed words of EULER program t o  be t r a n s l a t e d .  

p re sen t ,  500 words of t r a n s l a t e d  program output  are obta ined  i n  about .06 

minutes of execut ion t i m e ,  and t i m e s  f o r  smaller programs are somewhat b e t t e r ,  

a l though d i f f i c u l t  t o  measure. 

A t  
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P a r t  11. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAThe EULER I n t e r p r e t i v e  System 

In t roduc t ion  

This s e c t i o n  c o n s i s t s  of a d e s c r i p t i o n  of how the  EULER i n t e r p r e t e r  

works. The s t r u c t u r e s  used by t h e  system and the  commands t h a t  manipulate 

these  s t r u c t u r e s  are descr ibed ,  and algori thms w r i t t e n  i n  a subse t  of 

EULER d e p i c t  what happens when the  commands are used. It  i s  intended t h a t  

t hese  d e s c r i p t i o n s  and a lgor i thms,  toge ther  wi th  the  a c t u a l  FORTRAN I V  

ver s ion  of t h e  system given a t  t he  end of t h i s  r e p o r t ,  w i l l  give  the  reader  

two somewhat d i f f e r e n t  viewpoints  of how the  i n t e r p r e t i v e  system funct ions .  

This s e c t i o n  of t he  r e p o r t  could a l s o  be considered an advanced manual 

f o r  p rograming  i n  the  EULER reverse P o l i s h  language, although i t  i s  intended 

t h a t  t he  EULER t r a n s l a t o r  be used f o r  "writ ing" the  programs used by the  

i n t e r p r e t e r .  

accepts  programs w r i t t e n  on punched cards ,  with the  commands and da ta  

punched between columns 7 and 72 of t h e  cards .  Ind iv idua l  commands are 

punched l e f t - j u s t i f i e d  i n t o  s e p a r a t e  f i e l d s  s i x  columns i n  length .  Thus, 

a t o t a l  of e leven commands and d a t a  i t e m s  can appear on one card.  The 

It should be  noted t h a t  t h e  i n t e r p r e t e r  system now i n  use  

EULER t r a n s l a t o r  receives programs punched " f r ee  format" between columns 

7 and 72 of cards  and t r a n s l a t e s  t hese  programs i n t o  t h e  i n t e r p r e t e r  no- 

t a t i o n ,  p roper ly  spaced and j u s t i f i e d  on punched cards .  
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S t r u c t u r e s  wi th in  t h e  EULER P o l i s h  I n t e r p r e t e r  

The fol lowing are t h e  s t a c k s  and computer words used by the  processor  t h a t  

executes  the  t r a n s l a t e d  EULER code: 

CODE zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA- 
I -  

IDNTLS - 

T -  

OPRND - 

IOPRND - 

I K  - 
STORAJ - 

BLKNUM - 

JUMPBK - 

PRAMLS - 

JMPRTN - 

LAVS - 

AVSL - 

LSTRTN - 

LSTCNT - 

The a r r a y  i n  which t h e  t r a n s l a t e d  EULER program i s  s t o r e d .  

The index of CODE, po in t ing  t o  the  t r a n s l a t e d  i n s t r u c t i o n  

c u r r e n t l y  being executed. 

The t a b l e  of names, types and va lues  used t o  implement dynamic 

s t o r a g e  a l l o c a t i o n  of v a r i a b l e s .  

The index of IDNTLS, po in t ing  t o  the  l o c a t i o n  of t he  most 

r e c e n t l y  dec lared  v a r i a b l e  name i n  a program being executed. 

The s t a c k  of in te rmedia te  va lues  and l i n k s  s to red  i n  t h e  process  

of execut ing a program. 

The s t a c k  of d a t a  types a s soc ia t ed  wi th  the  va lues  and l i n k s  

s t o r e d  i n  OPRND. 

The index of OPRND and IOPRND. 

The s t a c k  of l o c a t i o n s  i n  t h e  IDNTLS name t a b l e  where s t o r a g e  

of names begins  f o r  each block. 

The index of STORAJ t h a t  records  the  dynamic block number a t  

each p o i n t  i n  the  program being executed. 

The s t a c k  of procedure r e t u r n  addresses  used i n  execut ion of 

r e c u r s i v e  and nonrecursive procedure calls. 

The s t a c k  of p o i n t e r s  t o  parameter lists of procedures c a l l e d  

during program execut ion.  

The index of JUMPBK and PRAMLS, g iv ing  t h e  level of nes t ing  of 

procedure calls a t  any p o i n t  i n  a program. 

Array name used f o r  s e t t i n g  up the  pool  of l i nked  l i s t  cel ls  used 

by t h e  i n t e r p r e t e r ' s  l i s t -p rocess ing  rou t ines .  

The machine word conta in ing  p o i n t e r s  t o  the  beginning and end 

of LAVS. 

A s t a c k  used f o r  reading o u t  t h e  conten ts  of lists t h a t  conta in  

s u b l i s t s  during execut ion of a program. 

The index of LSTRNTN, i n d i c a t i n g  the  depth  of t h e  s u b l i s t  

c u r r e n t l y  being read us ing  LSTRTN. 
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The fol lowing d e s c r i p t i o n  of t h e  EULER i n t e r p r e t e r  commands c o n s i s t s  

l a r g e l y  of a lgori thms w r i t t e n  i n  a subse t  of EULER. It w a s  f e l t  t h a t  these  

algori thms car1 be concise ly  w r i t t e n  and are i n t e l l i g i b l e  t o  anyone f a m i l i a r  

wi th  ALGOL, and poss ib ly  t o  some f a m i l i a r  with MAD o r  FORTRAN as w e l l .  

Appendix 4 is  t he  a c t u a l  i n t e r p r e t e r  program, and is  w r i t t e n  i n  FORTRAN I V .  

the  EULER a lgor i thms wi th  the  corresponding FORTRAN, i t  w i l l  

be noted h a t  the  func t ion  JWTO.(.*DUMMY)., where .*DUMMY is  some chosen 

opera tor ,  corresponds t o  s e v e r a l  s l i g h t l y  d i f f e r e n t  FORTRAN rou t ines  used 

f o r  scanning forward i n  the  i n t e r p r e t e d  program without  execut ing  the  segment 

of CODE t h a t  i s  thereby bypassed. 

Typing and Storage of Data 

Data appears i n  IDNTLS, the  i n t e r p r e t e r  name t a b l e ,  as t r i p l e s  of 

Computer words. 

t h e  second word conta ins  a d a t a  type code, and the  t h i r d  word conta ins  the  

a c t u a l  datum. Since t h e  index of IDNTLS is T,  t h i s  means t h a t  IDNTLS(3*T-2) 

is  an alphanumeric word, IDNTLS(3*T-l) conta ins  the  type,  and IDNTLS(3*T) 

conta ins  t h e  datum, Data i s  a l s o  s t o r e d  on the  operand s t a c k  OPRND. Here, 

OPRND(1K) denotes  some v a l u e  o r  l inkage ,  and IOPRND(IK) i s  the  i n t e g e r  type 

code of t h e  datum i n  OPRND(IK), 

The f i r s t  word i n  each t r i p l e  is  t h e  program-declared name, 

The o t h e r  important  s t r u c t u r e s  i n  which d a t a  can be s to red  and manip- 

Each l is t  c e l l  c o n s i s t s  of a p a i r  u l a t e d  are l i s t  cells drawn from zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBALaVS. 

of ad jacent  computer memory words, i n  t he  manner of SLIP l i s t  cells ( 11 ). 

The SLIP conventions regard ing  f i e l d s  wi th in  a computer word are used here :  

That is ,  a given word is div ided  i n t o  two address-s ized f i e l d s ,  c a l l e d  the  

LNKL and LNKR f i e l d s ,  and a smaller I D  f i e l d .  The datum i s  s t o r e d  i n  t h e  

second c e l l  of each word p a i r ,  and t h e  typing information f o r  t h a t  datum 

appears  i n  the I D  f i e l d  of t h e  f i r s t  cell  of the  p a i r ,  

of cons is tency  wi th in  t h e  i n t e r p r e t e r  rou t ines ,  each p a i r  of words IDNTLS(3*T-l) 

and IDNTLS(3zT) is  made t o  resemble a l is t  cell  i n  t h a t  t h e  typing information 

f o r  t he  datum i n  IDNTLS(3*T) i s  s t o r e d  i n  the  I D  f i e l d  of IDNTLS(3"T-1). I n  

Appendix 2 

t o  desc r ibe  EULER. 

To maintain a semblance 

is  a b r i e f  d e s c r i p t i o n  of the  SLIP r o u t i n e s  used i n  t h i s  paper 
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A t  presen t ,  t h e r e  are e i g h t  d a t a  types manipulated by the  EULER system: 

numerical  cons tan ts  and v a r i a b l e s ,  l o g i c a l  cons t an t s  and v a r i a b l e s ,  l a b e l s ,  

l ists ,  r e fe rences  o r  p o i n t e r s ,  procedures,  alphanumeric symbols, and a l a s t  

category of undefined da ta .  

I f  t h e  I D  f i e l d  of IDNTLS(3*T-1) is a l l  zero,  o r  i f  IOPRND(1K) is an i n t e g e r  

zero,  t h e  a s soc ia t ed  datum is  a f loa t ing -po in t  number. If t h e  code is  an 

i n t e g e r  one, t h e  a s soc ia t ed  datum i s  l o g i c a l .  I f  t h e  code i s  two, t h e  datum 

i s  a l a b e l  whose l o c a t i o n  i n  t h e  CODE a r r a y  i s  s t o r e d  as a f l o a t i n g  p o i n t  

number. If t he  I D  code i s  t h r e e ,  t he  a s soc ia t ed  datum i s  an i n t e g e r  l i n k  

t o  a l i s t  s t o r e d  i n  t h e  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBALNKR f i e l d  of t h e  datum word. I f  t h e  I D  code i s  

fou r ,  t he  assoc iafed  datum is  c a l l e d  undefined. If t he  I D  code i s  f ive,  

t h e  a s soc ia t ed  datum is an i n t e g e r  p o i n t e r  t o  some o t h e r  datum. This l i n k  

i s  l i kewise  s t o r e d  i n  t h e  LNKR f i e l d ,  and is  a reference t o  e i t h e r  t h e  f i r s t  

word of a l i s t  c e l l  o r  t o  IDNTLS(3*T'-l) f o r  some T ' .  

t h e  datum is  the l o c a t i o n  of t h e  f i r s t  command of a procedure somewhere i n  

t h e  CODE a r r a y ,  and t h i s  l o c a t i o n  is  s to red  i n  f l o a t i n g  po in t .  F i n a l l y ,  i f  

t he  I D  code i s  seven, t h e  corresponding datum conta ins  s ix  alphanumeric 

symbols, inc luding  b lanks  ( f o r  t h e  IBM 7094 machine). 

The type coding mechanism works as fol lows:  

If t he  I D  code i s  s i x ,  

The fol lowing ope ra to r s  exis t  f o r  t e s t i n g  the  type of an  operand 

dur ing  execut ion of a program. These opera tors  check t h e  type code of t he  

topmost operand on t h e  OPWD s tack .  

.ISNTJ.(isnumber) zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA- - Changes OPRND(1K) t o  t r u e  i f  IOPRND(1K) i s  0. Otherwise 

OPRND(1K) becomes f a l s e .  IOPRND(1K) becomes 1 ( l o g i c a l  

type) 

.ISLO.(islogical)  - 

. ISLA. ( i s l a b e l )  - 

. ISLI. (islis zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAI_ t) 

.ISUN.(isundefined) - 

. ISRE.(isreference) - 

. ISPR. ( isprocedure)  

. ISSY. (issymbol) 

All def ined  analogously t o  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA.ISNU. 

The fol lowing two ope ra to r s  exist  t o  perform type conversions between 

numbers and l o g i c a l  va lues .  

arithmetic express ions  o r  l o g i c a l  expressions i n  "unorthodox" computations: 

They permit a c e r t a i n  f l e x i b i l i t y  i n  t h e  use  of 
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.LGCL.(logical type conversion) 

.REAL.(number type conversion) zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBALOGCAL:.IF.IOPRND(IK).NEQ.O.THEN. 

.GOTO.ERROR .ELSE.IOPRND(IK)=l;.cOTO. 

CYCLE ; 

TOREAL:.IF.IOP~D(IK).NEQ.l.~EN..GOTO. 

ERROR.ELSE.IOPRND(IK)=~;.GOTO.CYCLE; 

I n s e r t i o n  of Data 

A t  t he  p re sen t  t i m e ,  t he  i n t e r p r e t e r  does n o t  use  t a b l e s  of numerical  and 

l o g i c a l  constants .  In s t ead ,  such d a t a  is  passed t o  the  i n t e r p r e t e r  a t  each 

p o i n t  of occurrence i n  the  t r a n s l a t e d  program. Numbers are passed i n  the  form 

of o c t a l  r ep resen ta t ions  of f l o a t i n g  p o i n t  numbers, and are s t o r e d  i n  two 

consecut ive s ix-charac te r  words. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAThe opera tor  .NMBR. s i g n a l s  t o  the  i n t e r -  

p r e t e r  t h a t  t he  fol lowing two words i n  CODE are a number, and a machine-lan- 

guage subrout ine  packs t h i s  number i n t o  OPRND(IK), a f t e r  I K  has  f i r s t  been 

incremented and IOPRND(1K) set  t o  zero.  Another ope ra to r  .* s i g n a l s  t o  the  

i n t e r p r e t e r  t h a t  t h e  fol lowing word i n  CODE c o n s i s t s  of s ix  alphanumeric 

charac te rs .  Index I K  is incremented, IOPRND(1K) i s  set  t o  7 ,  and the  s ix -  

cha rac t e r  word is  s to red  i n  OPRND(1K). 

Logica l  t r u t h  and f a l s i t y  are presented  t o  t h e  i n t e r p r e t e r  as .TRUE. 

and .FLSE. r e spec t ive ly .  For each of t hese  operands,  I K  is  first  incremented 

and IOPRND(1K) set t o  1. If the  operand is  .TRUE,, OPRND(1K) is  set  t o  1, 

otherwise 0. F i n a l l y ,  i t  is poss ib l e  t o  i n s e r t  .UNDF. (an undefined cons tan t )  

on the  operand s t ack .  I n  t h i s  case a l s o ,  I K  is  incremented. IOPRND(1K) is  

then s e t  t o  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA4 ,  and OPRND(1K) i s  set t o  zero.  

The Basic I n t e r p r e t i v e  Cycle 

Severa l  of the b a s i c  i n t e r p r e t e r  commands have a l r eady  been discussed.  

These commands and the  remaining ones t o  be presented  i n  t h i s  r e p o r t  are a l l  

executed by a b a s i c  i n t e r p r e t i v e  cyc le  t h a t  reads  commands from t h e  t r a n s l a t e d  

EULER program and passes  c o n t r o l  t o  r o u t i n e s  t h a t  execute  these  commands., This 

i n t e r p r e t i v e  cyc le  can be descr ibed  i n  t he  fol lowing s t e p s :  

I. I n i t i a l i z a t i o n  of i n t e r p r e t e r  i nd ices :  

1-0; IK=O; BWIJUWO; T-0; 

11. Creat ion of t h e  LAVS pool  of l i nked  l i s t  cells:  

INITAS.(.AT.AVSL,.ATeLAVS,2000),; 

111. Reading of t he  next  command of the  t r a n s l a t e d  EULER program: 

CYCLE: I=1+1; . ( C O D E ( I ) ) , ;  .GOTO,CYCLE; 
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A r i t h m e t i c  and Logical  O p e r a t i o n s  i n  the Interpreter  

The f o l l o w i n g  s e g m e n t e d  table indicates i n  the l e f t  c o l u m n  the operator 

i n  CODE(1)  t o  be executed and i n  the r i g h t  c o l u m n  the corresponding in te rpre-  

t a t i o n  a l g o r i t h m :  

I. U n a r y  O p e r a t o r s  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
. NEG . NEGATE: . IF.  IOPRND(IK).NEQ.O.THEN. 

(unary m i n u s  sign) .GOTO. ERROR .ELSE. OPRND(IK))=-OPRND(1K);  

. GOTO. CYCLE ; 

D e f i n e d  analogously t o  unary negation. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA.ABST. (Take absolute value) 

. INTG.  (Truncate t o  an integer) 

.NOT. N O T : . I F .  IOPRND(1K)  .NEQ.l.THEN..GOTO. 

( l o g i c a l  negation) zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAERROR.ELSE.OPRND(IK)=l-OPRND(1K); 

11. 

. GOTO. CYCLE ; 

B i n a r y  O p e r a t o r s  

+ (add i t ion )  ADD:.IF.  IOPRND(IK) .NEQ.O .OR. IOPRND(1K-1)  

.NEQ. 0 .THEN. .GOTO. ERROR .ELSE. 

.BGIN. OPRND(1K-1) = OPRND(1K-l)+OPRND(IK);  

I K = I K - l ;  .GOTO. CYCLE .END. 

D e f i n e d  analogously t o  add i t ion .  
./. (integer div is ion)  

- ( subt rac t ion)  

* ( m u l t i p l i c a t i o n )  

/ (d iv i s ion )  

.MDLO . ( m o d u l o )  

** (exponentiation) zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAI 
.EQ. (test  f o r  equa l i ty )  ISSAME: . IF .  IOPRND(1K) .NEQ. 0 .OR. IOPRND(1K-1)  

.NEQ. 0 .THEN. .GOTO. ERROR .ELSE. 

.BGIN. OPRND(IK-l)= .IF. OPRND(1K-1) 

.EQ. OPRND(1K) .THEN. 1.O.ELSE.O.O.END. 

; I K = I K - 1 ;  IOPRND(1K) =l; .GOTO. CYCLE; 

.NEQ. ( 

l 

e s t  f o r  inequali  

.GT. (test  f o r  >) 

.LT. (test f o r  <) 

.GEQ. (test  f o r  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA3) 

.LEQ. (test  f o r  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAc )  

D e f i n e d  analogously t o  the test fo r  e q u a l i t y .  I 
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111. Lo zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA- i c  - 1 Operators Modified f o r  Increased Execution Speed 

.FAND. ( l o g i c a l  conjunct ion)  

(Note: This i s  an optimized 
conjunct ion t h a t  i s  executed 
l i k e  an ALGOL cond i t iona l  
s t a t  emen t . ) 

.FSOR. ( l o g i c a l  d i s junc t ion )  

(Note: This is  an optimized 
d i s j u n c t i o n  t h a t  i s  executed 
l i k e  an ALGOL cond i t iona l  

s ta tement . )  

.SAND. (end l a b e l  of a 
conjunct ion)  

d i s junc t ion )  
.SCOR. (end l a b e l  of a l o g i c a l  

.IF.  ( t h e  test opera to r  
i n  a cond i t iona l  
s ta tement . )  

. THEN. 

.SWCH. (Exchange t h e  two 
topmost operands 
dur ing  a cond i t iona l  
s ta tement  having an 
alternative. ) 

. IF.  IOPRND(1K) .NEQ.l .THEN. 

.GOTO. ERROR .ELSE..IF.OPRND(IK) 

.EQ. 0 .THEN. 

I=JUMPTO. (.*.SAND.) . .ELSE. 
IKZIK-l ; .GOTO.CYCLE; 

. IF .  IOPRND(1K) .NEQ.1 .THEN. 

.GOTO. ERROR .ELSE. .IF.  

OPRND(1K) . E Q . l  .THEN. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
I=JUMPTO.(.*.SCOR.)..ELSE. 

I K Z I K - 1 ;  .GOTO.CYCLE; 

. IF.  IOPRND(1K) . N E Q . l  

. THEN e GOT0 e ERROR 

.ELSE..GOTO.CYCLE; 

.IF,IOPRND(IK) .NEQ.l.THEN, 

.GOTO.ERROR.ELSE..IF.OPRND(IK) 

. EQ . 0 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAe THEN. I= 

JUMPTO.(.*.THEN.)..ELSE..UNDF.; 

.GOTO.CYCLE; 

.GOTO. CYCLE; 

DATUMeOPRND (IK) ; TYPE= 

IOPR.ND(IK) ; OPFND(IK)=OPRND(IK-l) ; 

IOPRND (IK)=IOPRND ( IK-1)  ; 

OPRND ( IK-1) =DATUM; 

IOPRND(IK-l)=TYPE; 

Block S t r u c t u r e  and Declara t ions  

Since EULER is a language having nes t ed  block s t r u c t u r e  and r equ i r ing  

t h a t  a l l  program v a r i a b l e s  and l a b e l s  be dec lared ,  appropr i a t e  commands exis t  

f o r  execut ing these  func t ions .  For the  most p a r t ,  t hese  commands manipulate  the  

IDNTLS t a b l e  of dec la red  names and t h e  S T O W  s t a c k  of p o i n t e r s  t o  where the  

names of each c u r r e n t l y  active block are s to red .  
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I n  t h i s  EULER system, t h e  JUMPBK s t a c k  i s  t h e  mechanism t h a t  implements 

r e t u r n s  of c o n t r o l  from subrout ines  being executed. 

r e t u r n  addresses  permi ts  r e c u r s i v e  procedure calls t o  be  executed i n  t h i s  

system a t  the  same speed and e f f i c i e n c y  as non-recursive procedure calls. 

a procedure leaves a va lue  on t h e  operand s t a c k ,  t h a t  va lue  is  n o t  destroyed by 

t h e  procedure r e t u r n  mechanism. 

implement procedures t h a t  r e t u r n  func t ion  va lues ,  and both types of procedures 

are t r e a t e d  a l i k e .  

The s t ack ing  of subrout ine  

If 

Thus, no extra mechanisms are necessary t o  

There are two sequences of commands t h a t  i n i t i a t e  procedure calls i n  t h e  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
EULER system. The sequence 

.VRBL. <name> . I N .  " , 
where name corresponds t o  a procedure v a r i a b l e ,  i s  used f o r  c a l l i n g  those 

procedures t h a t  have no formal  parameters.  The sequence 

".VRBL.<name>.LSCL.. (<paraml is t>)  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA.I1 

i s  used f o r  c a l l i n g  procedures  t h a t  have formal  parameters.  The a c t u a l  

parameters i n  t h e  procedure cal l  are p u t  onto a l ist ,  and, when t h e  command ). 

i s  i n t e r p r e t e d ,  t he  l i n k  t o  t h i s  l i s t  is  p u t  on top  of t h e  PRAMLS s t a c k  before  

c o n t r o l  is  t r a n s f e r r e d  t o  that subrout ine .  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAA d e s c r i p t i o n  of t h e  . I N .  command 

i s  given i n  t h e  fol lowing s e c t i o n ,  .LSCL. is  discussed  i n  t h e  s e c t i o n  on t r a n s f e r s  

of c o n t r o l ,  and .( and ). are descr ibed  i n  the  s e c t i o n  on l ist  opera t ions .  The 

fol lowing l ist  of commands and a lgor i thms inc ludes  those commands t h a t  are 

i n t e r p r e t e d  when a procedure is  executed by t h e  system. 



26 

. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBABGIN . 
(beginning of a 
program block) 

.$ 

(beginning of a 
procedure definition) 

.NEW. 

(variable 
declaration) 

. LABL. 

(label 
declaration) 

. , (semicolon) 

BEGIN : BLKNUM=BLKNUM+l; 

S T O W  (BLKNUM) =T+1; 

.GOTO.CYCLE: 

IOPRND(IK)=6; 

I=JUMPTO. (.*$. ) ; 

.GOTO.CYCLE; zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAPROCHD:IK=IK+~;OPRND(IK)=I; 

NEW:I=I+1; T=T+l; IDNTLS(3*T-2)= 

CODE(I);SETDIR.(4,0,BLKNUM9 

IDNTLS(3*T-l)),;IDNTLS(3*T)PO; 

. GOTO. CYCLE ,, 

LABEL:I=I+l;T=T+l;IDNTLS(3*T-2)= 

CODE(1) ;SETDIR. (2,0,BLKNUM, 

IDNTLS (3*T-1) ) ;= 

SETDIR. (O,BLKNUM,LOCATE. (CODE(1)) * ,  

IDNTLS (3*T) ) . ; . GOTO CYCLE ; 

.LBDF.(label of definition) LABDEF:I=I+l;.GOTO.CYCLE; 

.FRML. FORMAL:I=I+l;T=T+l;IDNTLS(3*T-2)= 

(formal parameter CODE(1) ;LINK=LNKR, zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA(PRBMLS 

(JUMPRTN)). ;.IF.LINK.EQ.O.THEN. 

. BGIN . IDNTLS (3*T) =O ; 

declaration in 
procedure) 

SETDIR. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA( 4  0 0 IDNTLS (3*T-1) ) 

.END, .ELSE..BGIN.TEMP= 

ID.(INHALT.(LINK>.).;.IF.TEMP.EQ. 

2.0R.TEMP.EQe5,THEN, 

SETDIR.(-l,-l,LNKL.(INHALT.(LINK+l).). 

,IDNTLS(3*T-1))..ELSE.,UNDFe; 

PRAMLS (JUMPRTN) =INHALT (LINK) ; 

IDNTLS(3*T)=INHALT.(LINK+l).; 

.GOTO.CYCLE; 

SEMCLN:,IF.IOPRND(IK),EQ.3 

~THEN~~BGIN*LL~=LNKR.( 

OPRND(1K)) .;,IF.LNKL,(INHALT.( 

LLNK).)..EQ.O.THEM.ERASE.( 

LLNK)..ELSE..UNDF..EMD. 

.ELSE..UNDF. ;IK=IK-l;.GOTO. 

CYCLE 
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(end zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAof a 
program block) 

$. 

(end of a procedure) zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

END:INDEX=STORAJ(BLKNUM); 

. IF. T . GEQ . INDEX. THEN a 

LOOP:.BGIN..IF.ID.(IDNTLS(3*T-l)). 

.EQ.3.THEN.ERASE.(LNKR.( 

IDNTLS(3*T))..ELSE..UNDF.; 

T=T-l;.IF.T.GEQ.INDEX 

.THEN..GOTO.LOOP.ELSE.,UNDF. 

.END..ELSE..UNDF.;BLKNUM= 

BLKNLJM-l;.IF.BLKNUM.GT.O 

.THEN..GOTO.CYCLE.ELSE. 

.GOTO.HALT; 

PRCEND:I=JUMPBK(JMPRTN) ; 

JMPRTN=JMPRTN-l; . GOTO. END; 

Pointer Variables and Transfer of Data 

In the EULER language, a limited use of indirect addressing exists in 

the form of variables of type reference. 

variable is either the machine address of IDNTLS(3*T1-1), for some T', or the 

machine address of the first word of some list cell. As an example, we could 

write the following fragment of a valid EULER program: 

The value associated with a reference 

... A=2; V=.AT.A; 

V.IN.=V.IN.+l.... 

Here, A is a variable of type number, and V becomes a reference to A. The last 

command in the fragment causes A to acquire a numerical value of 3. 

On a statement-by-statement basis, the program fragment would have been 

translated into the following fragment: (Note that .AT. is not translated di- 

rectly. ) 

.VRBL.A .NMBR.202400000000= 
- .vRBL.V .VRBL.A - zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

' 9  .VRBL.V .IN. .VRBL.V 

* ¶  

. IN. . IH. .NMBR. 20140000000ot ' 
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The e f f e c t  of t he  command .VRBL. i s  t o  f e t c h  a p o i n t e r  t o  the  v a r i a b l e  name 

t h a t  fol lows i t  i n  t h e  t r a n s l a t e d  program. Thus, t he  e f f e c t  of execut ing the 

sequence zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
- - .VRBL.V . VRBL . zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAA 

i s  t o  take  the  p o i n t e r  f o r  A and s t o r e  i t  i n  IDNTLS as t he  datum f o r  V. The 

e f f e c t  of the  command .IN.. i s  t o  r ep lace  a p o i n t e r  t o  some datum by the  datum 

i t s e l f .  Hence, t he  use  of 

.VRBL.V . I N .  . I N .  

i n  t he  t r a n s l a t e d  program. Here, t h e  datum acquired by t h e  f i r s t  use of zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA.IN. 

i s  i t s e l f  a p o i n t e r  t o  another  datum. The second use of . I N .  f i n a l l y  captures  

t h a t  i n d i r e c t l y  referenced datum. Thus, the  e f f e c t  of an .AT. i n  a program 

i s  the  suppression of an . I N .  i n  the  t r a n s l a t i o n .  

The fol lowing l i s t  of commands p resen t s  the  algori thms t h a t  are used t o  

i n t e r p r e t  r e fe rences  and assignments of value  i n  t h i s  ve r s ion  of ELJLER. Note 

t h a t  e r r o r  e x i t s  occur  whenever some v a r i a b l e  g loba l  t o  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAa program block is 

assigned as a r e fe rence  t o  a v a r i a b l e  l o c a l  t o  t h a t  block. 

. VRBL. 

( f e t ches  a 
p o i n t e r  t o  a 
v a r i a b l e  name) 

. I N .  

( f e t c h e s  the  
datum referenced  
by a p o i n t e r ;  i n i t i a t e s  
procedure calls.) 

VARIBL:I=I+l;IVRBL=CODE(I) ; 

ITEMP=T;LOOPl: .IFeIDNTLS(3*T-2) 

.NEQ.IVRBL.THEN..BGIN.ITEMF'=ITEMJ?-1; 

.IF.ITEMP.EQ.O.THEN..GOTO.ERROR 

.ELSE..GOTO.LOOPl,END..ELSE..BGIN. 

IK=IK+l;IOPRND(IK)=5; 

SETDIR. (0,LNKR. (IDNTLS(3"ITEMP-1)). 

MADOV. (IDNTLS(3*ITEMP-1)) ,OPRND(IK)) e ; 

.GOTO.CYCLE.END. 

INSIDE:ITYPE=ID.(CONT.(LNKR.( 

OPRND(1K)) .) .) e ;IOPRND(IK)=ITYPE; 

.IF.ITYPE.NEQ.6.THEN..BGIN.OPRND(IK)= 

CONT,(LNKR,(OPRND(IK)).+1).;.GOTO.CYCLE 

.END..ELSE. .BGIN.IK=IK-l;JMPRTN= 

l+JMPRTN;JUNPBK(JMPRTN)=I; 

BLKNUM=l+BLKNUM ; 

S T O W  (BLKNTJM) = 1+T ; 

I=CONT. (LNKR. (OPRND(1K)) .+1). ; 

.IF.CODE(I+l).EQ..*.FRML.eTHENe .GOTO. 
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ERROR.ELSE..GOTO.CYCLE.END. 

ASSIGN:.IF.IOPR?SD(IK-1).NEQ.5.TKEN. 

.GOTO.ERROR.ELSE..BGIN.TYPE=IOPRND(IK); zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
LRNK=LNKR. (OPRND (IK) zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA) . ;LINK= 

LNJ(R.(OPRND(IK-l)).;.IF.TYPE.EQ.5.0R. 

TYPE.EQ.3.THEN..IF.LNKL.(OPRND(IK)). 

.GT.LNKL.(OPRND(IK-l))..THEN..GOTO.ERROR 

.ELSE..UNDF..ELSE..IF.TYPE.EQ.3.AND. 

LRNK.GT.O.’THEN..BGIN.SETIND.(-lY 

LNKL. (CONT. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA(L1wK) .) .+1,-1,LRNK) ,; 

SETDIR.(O,OY-1,OPRND(IK))..END..ELSE..UNDF. 

;.IF.ID.(CONT.(LINK).)..EQ.3.AND.LNKR.( 

CONT. (LINKS-1) . ) . .GT. 0. THEN. 

ERASE.(CONT.(LINK+l).)..ELSE..UNDF.; 

SETIND.(TYPE,-1,-1,LINK).;OPRND(IK)= 

CONT(LINK+l) ;OPRND(IK-l)=OPRND(IK) ; 

IOPRND(IK-~)=IOPRND(IK);IK=IK-~;.GOTO.CYCLE; 

Transfers of Control Within a Program 

Transfers of control in a programming language are both implicit and 

explicit. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAAn explicit transfer is caused by a .GOTO. command. The .LSCL. 

command is implicit, since it does not appear in EULER programs, but is used 

by the translator system for transferring control to subroutines that have 

parameters. Note that .LSCL. only serves to find the location in the program 

of the procedure. The actual transfer of control takes place when ). is read. 

. GOTO. JW:.IF.IOPRND(IK).NEQ.2.THEN. 

.GOTO.ERROR.ELSE..BGIN.I=LNKR.( 

OPRND (IK) ) . -1 ;JMPRTN=JMPRTN 

+ W L .  (OPRND(1K)) .-BLKNUM; .IF. 

JMPRTN.LT.O.THEN.JMPRTN=O.ELSE. 

.UNDF.;.GOTO.CYCLE.END. 
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.LSCL. LSCALL:LINK=LNKR. (OPRND(IK)). zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA; 

.IF.ID.(CONT.(LINK).)..EQ.6.THEN. 

.BGIN.IOPRND(IK)=6;OPRND(IK)= 

CONT.(LINK+l).;.GOTO.CYCLE.END. 

.ELSE..GOTO.ERROR; 

L i s t  Operations and S t r i n g  Process ing  

The EULER system has fac i l i t i es  f o r  cons t ruc t ing  and concatenat ing l i s t s ,  

f o r  tak ing  t h e  s u f f i x  of a l i s t ,  and f o r  f ind ing  subsc r ip t ed  l is t  elements.  

Moreover, each l i s t  ca l l  can s t o r e  d a t a  of any l e g a l  type ,  inc luding  procedure,  

r e f e rence ,  l a b e l ,  etc. Thus, i t  i s  poss ib l e  t o  execute  a program by simply 

naming the  elements of a l is t  of procedures i n  order .  O r ,  w e  can ob ta in  the 

e f f e c t  of an ALGOL switch by cons t ruc t ing  a l i s t  of l a b e l s  and w r i t i n g  .GOTO. 

followed by a subscr ip ted  l ist  r e fe rence .  

l i s t s ,  i t  i s  p o s s i b l e  t o  compare long c h a r a c t e r  s t r i n g s  by w r i t i n g  procedures 

f o r  t e s t i n g  two l is ts  f o r  e q u a l i t y ,  containment, etc.  

Since c h a r a c t e r s  can be s to red  on 

The command .LIST. cons t ruc t s  an empty l i s t  whose l eng th  is  given by the 

numerical  va lue  of the topmost operand on t h e  OPRND s t a c k .  The commands 

.( and ). cons t ruc t  a l i s t  o u t  of d a t a  elements t h a t  occur between them 

separa ted  by commas. 

level a t  a t i m e  and takes i t s  information from the  two topmost elements of t he  

OPRND s t ack .  The concatenat ion ope ra to r  .CNCT. creates a copy of t he  two l ists  

whose p o i n t e r s  are t he  topmost operands of t he  OPRND s t ack .  F i n a l l y ,  t he  s u f f i x  

ope ra to r  .TAIL. f i n d s  t h e  l i n k  t o  a l i s t  on top of t h e  OPRND s t a c k  and r ep laces  

t h a t  l i n k  by a l i n k  t o  t h e  fo l lowing  c e l l  of t h a t  list.  

The subsc r ip t ing  command ) i s  evaluated one s u b s c r i p t  

The fol lowing example i l l u s t r a t e s  a d i s t i n c t i o n  t h a t  should be understood 

when programming EULER: I f  A and zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAB are lists i n  a program, then  the  two state- 

ments 

C=. (A,B). ; and C=A.CNCT.B; 

do n o t  have t h e  same effect. I n  the  f i r s t  case ,  C i s  a l i s t  of two elements 

which p o i n t  t o  A and B as s u b l i s t s .  

of a copy of A jo ined  t o  a copy of B. 

I n  t h e  second case, C is a list cons i s t ing  

The fol lowing t a b l e  of commands and algori thms f u r t h e r  desc r ibes  the  r e s u l t s  

produced by t h e  l ist  manipulat ion opera tors :  
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.LIST. 

(stores topmost 
OPRND in a list 
cell and replaces 
this operand with zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
a link to the cell.) 

LIST:.IF.IOPRND(IK).NE.O.THEN. 

.GOTO.E~OR.ELSE..BGIN.IOPRND(IK) zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
-3 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA; INDEX=OPRND (IR) ; . IF. INDEX 

.EQ.O.THEN..BGIN.OPRND(IK)=O; 

.GOTO.CYCLE.END..ELSE..UNDF.; 

IVRBL=NUCELL;.IF.INDEX 

.EQ.l.THEN..GOTO.OTJTPUT.ELSE.LLCELL= 

IVRBL;LOOP2:INDEX=INDEX-l;.IF. 

INDEX.LT.l.THEN..GOTO.OUWTJT.ELSE. 

.BGINeLRCELL=NUCELL;SETIND.(4, 

-l,LRCELL,LLCELL).;LLCELL=LRCELL; 

.GOT0.LOOP2.END.;OUTPUT:SETDIR.(07 

O,IVRBL,OPRND(IK)).; 

LISTHD:IK=IK+l;IOPRND(IK)=3; 

OPRND(IK)=.*. ( ; .GOTO.CYCLE; 

COMMA:IKK=IOPRND(IK);IJJ=LNKR.( 

OPRND(1K)). ; 

.IF.IKK.EQ.3.AND.IJJ.GT.O.THEN. 

SETIND. (-1,LNKL. (CONT. (IJJ) .) .+1,-l71JJ). ; 

.ELSE..UNDF.;TEMP=NUCELL; 

SETIND. (IKK,O,O,ITEMP) ;STRIND. ( zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
OPRND (IK) ITEMP+l) . ; OPRND (IK) =TEMP ; 

I0PRND(IK)=3;.GOTOeCYCLE; 

LSTEND:.IF.OPRND(IK).EQ..*.( .THEN. 

.BGIN.OPRND(IK)=O;.GOTO.CYCLE.END. 

.ELSE.EXECUTE.(COMMA).;LOOP3:.IF. 

OPRND(IK-l).NEQ..*.( .THEN..BGIN. 

SETIND. (-l,O,LNKR. (OPRND(1K)). ,LNKR 

. (OPRND (IK-1) ) . ) . ; IKZIK-1; . GOTO. LOOP3 

.END..ELSE..IF.OPRND(IK-l).NEQ.G.THEN. 

.GOTO.qCLE.ELSE..BGIN.JMPRTN=l+ 

JMPRTN; JUMPBK(JMPRTN)=I ; ~ ~ 3 . 1 ;  

PRAMLS (JMPRTN)=IDNTLS (3*T)=OPRND(IK) ; 

SETDIR.(3,1,0,IDNTLS(3*T-1)).;I~OPRND(IK-l; 

IK=IK-2;.GOTO.BEGIN; 
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1 

(subscript operator) zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
. TAIL. 

(list suffix) 

. CNCT. 

(concatenation) 

. LNGT . 
(List length) 

RSBSCP:INDEX=OPRND(IK);IK=IK-l; 

.IF.INDEX.LEQ.O.THEN..GOTO.CYCLE 

.ELSE.LINK=LNKR, (CONT. (l+LNKR. ( 

~PRND(IK>).>.).;.IF.LINK.GT.O.TJ.IEN. 

~BGIN.LOOP4:INDEX=INDEX-1;.IF.INDEX 

.GT.O.THEN..BGIN.LINK=LNKR.(CONT.( 

LINK).).;.GOTO.LOOP4.END..ELSE..BGIN. 

SETDIR.(-1,-~,LINK,OPRND(IK)).;.GOTO.CYCLE 

.END..END..ELSE; .GOTO.ERROR; 

TAIL: TEMP=LNKR. (OPRND(1K)) ;.IF. 

IOPRND(IK).NE.3.0R.TEMP.EQ.O.THEN, 

.GOTO.ERROR.ELSE.TE=LNKR.(CONT 

.(TEMJ?).);.IF.TEMP.EQ.O.THEN.,GOTO. 

ERROR.ELSE..BGIN.OPRD(IK)=T'EMP; 

SETIND. (-1,l+LNKL, (GONT. (TEMP) . I .  ,-1,TEMP). ; 

.GOTO.CYCLE.END.; 

CONCAT:.IF.IOPRND(IK).NE.3.0R. 

IOPRND(IK-l).NE.3.THEN..GOTO. 

ERROR. ELSE. . BGIN. COPY. (LNKR. (OPRND(1K) ) . , 
JTOP , JBOT) . ; COPY. (LNKR. (OPRNDCIK-1) ) . , 
ITOP,IBOT).;SETIND.(-ly-lyJTOP,IBOT).; 

IK=IK-l;OPRND(IK)=ITOP; .GOTO.CYCLE 

. END. 

LENGTH: .IF.IOPRND(IK) .NE.3 

.THEN..GOTO.ERROR.ELSE.BGIN.COUNT=O; 

TEMP=LNKR. (OPRND (IK) ) . ; IOPRND (IK)=O ; 

LOOPS:.IF.TEMP.EQ.O.THENe.BGIN.OPRND(IK) 

=COUNT;.GOTO.CYCLE.END..ELSE..BGIN. 

COUNT=l+COUNT; TEMP==. (CONT 

.(TEMP).).;.GOTO.LOOPS,END. 
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Reusage of Discarded L i s t  C e l l s  by t h e  System 

The EULER programmer w i l l  n o t  u sua l ly  concern himself wi th  the  problem 

of "garbage co l l ec t ion"  of d i scarded  l i s t  cells i n  h i s  programs, s i n c e  garbage 

c o l l e c t i o n  is  automatic  i n  EULER. This  c o l l e c t i o n  occurs  a t  t h r e e  p o i n t s  i n  

EULER programs: a t  t he  .END. command of a block,  at an assignment s ta tement  

when the  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA= command i s  executed, and between s ta tements  when the  ; command i s  

executed. A t  t h e  end of a block,  a l l  l ists  l o c a l  t o  t h e  block are l i nked  one 

a f t e r  another  t o  the  l as t  c e l l  i n  t he  LAVS l is t .  

a s s igns  a new va lue  t o  a v a r i a b l e  t h a t  w a s  formerly a l i s t ,  t h a t  l i s t  i s  

checked t o  see i f  i ts  f i r s t  cell  only has  one name. 

name, i t  is l i nked  tb t h e  las t  ce l l  of LAVS. When a semicolon i s  encountered i n  

the  t r a n s l a t e d  program, t h e  top of t h e  OPRND s t a c k  i s  checked t o  see i f  i t  

con ta ins  a l i n k  t o  some l i s t  having 

something l i k e  .OUT..( ) .  were t he  preceding s ta tement ) .  I f  t h e r e  i s  a l i n k  

t o  an  anonymous l i s t  on the  OPRND s t a c k ,  then t h i s  l i n k  i s  removed from OPRND, 

and the  l i s t  i s  j o ined  t o  the  end of LAVS. 

When an assignment s ta tement  

I f  t h a t  l i s t  only has  one 

no name (such as would be l e f t  t h e r e  i f  

A s  i n  t h e  SLIP system (a p a r t  of which i s  used i n  our  implementation of 

EULER), s u b l i s t s  of l ists  are j o ined  t o  t h e  end of LAVS en ly  when the  NUCELL 

r o u t i n e  encounters  them i n  t h e  process  of f e t c h i n g  l ist  cel ls  from t h e  top of 

LAVS. 

are s u b l i s t s  of no more than  one l ist  (in t h i s  case, they are s u b l i s t s  of LAVS). 

More information on t h i s  garbage c o l l e c t i o n  technique can be found i n  t h e  or ig-  

i n a l  SLIP paper.  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA( X z )  

I n  t h i s  case, t h e  s u b l i s t s  are only considered t o  be r eusab le  i f  they 

Communication of Data 

The EULER language al lows simple v a r i a b l e s  and l ists  t o  be p r i n t e d  o u t  a t  

execut ion t i m e .  A program s ta tement  such as 

.ouT.v; 

is t r a n s l a t e d  i n t o  t h e  sequence zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
.VRBL.V . I N .  .OUT. ; 

I f  V is a l i s t ,  then t h e  e n t i r e  l is t ,  inc luding  s u b l i s t s  w i l l  be p r i n t e d  out .  

If V i s  a v a r i a b l e ,  then j u s t  t h a t  v a r i a b l e ' s  va lue  w i l l  be  p r i n t e d  out.  I f  V 

i s  a procedure,  re fe rence ,  o r  l a b e l ,  then PROCDR, REFRNC, o r  LABEL w i l l  be the  

appropr i a t e  "values" t o  be p r i n t e d  by the  .OUT. opera to r .  
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A s  a f u r t h e r  example, w e  might have the  fol lowing s ta tement  i n  an  EULER 

program: 

.OUT. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA.(.* N= ,3.2,.*THIS I,.*S A LI,.*ST WIT, 

.*H SUBL,.*ISTS. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA,.(.$3$.,.AT.NY.(2,3).).).; 

When the  corresponding s ta tement  i n  t h e  t r a n s l a t e d  program is  executed,  t h e  

fol lowing p r i n t e d  ou tpu t  w i l l  r e s u l t :  

( N= 3.2000,THIS IS  A L I  

W I T H  SUBLISTS. , ( PROCDR,REFRNC, 

( 2.0000, 3.0000 ) 1 ) 

Note t h a t  commas are suppressed between l i s t  elements conta in ing  cha rac t e r s .  

A discuss ion  of how one.might extend the  p r i n t i n g  f a c i l i t i e s  of EULER can b e  

found i n  t h e  s e c t i o n  e n t i t l e d  "Improvements and Extensions of EULER". 

There are no f a c i l i t i e s  f o r  reading d a t a  i n  the  EULER language. The 

o r i g i n a l  EULER paper  sugges ts  t h a t  d a t a  be  t r a n s l a t e d  wi th  t h e  program, s i n c e  

t r a n s l a t i o n  can be a very  r a p i d  process .  Perhaps a b e t t e r  sugges t ion ,  and one 

t h a t  we hope t o  implement, i s  t o  a l low a l i s t - s t r u c t u r e d  inpu t  of d a t a  similar 

t o  t he  one used wi th  the  .OUT. command. The "Improvements and Extensions" 

Sec t ion  of t h i s  paper has  more t o  say on t h i s  matter. 

The fol lowing algori thm implements l i s t  and v a r i a b l e  p r i n t i n g  as descr ibed 

above. 

used by t h e  subrout ine  t o  p o s i t i o n  t h e  datum on a p r i n t e d  l i n e .  Note t h a t  t h e  

LSTRTN s t a c k  facil i tates w r i t i n g  ou t  of s u b l i s t s .  

The OUTPUT subrout ine  p r i n t s  one datum f o r  each call, and an index i s  

. OUT. OUT: TYPE=IOPRND(IK);.IF.TYPE.NEQ.3 

.THEN..BGIN.INDEX=l; OUTPUT.(TYPE,OPRND(IK), 

.AT.INDEX).;.GOTO.CYCLE.END..ELSE..IF.LN.( 

OPRND(IK))..EQ.O.THEN..BGIN.INDEX=l; 

OUTPUT. (7, .  * ( ) , .AT.INDEX) ; GOTO. CYCLE.END. 

.ELSE..BGIN. 

LSTCNT=INDEX=O;OUTPUT.(7,.* ( ,.AT.INDEX). 

;LINK=LNKR.(OPRND(IK)).;LOOP6:CTLNIK=CONT.( 

LINK).;.IF.ID.(CTLNIK)..EQ.3.THEN..BGIN. 

LSTCNT=~+LSTCNT;LSTRTN(LSTCNT)=LINK; 

LINK=LNKR. (COTJT. (LINK+l) . ) . ;OUTPUT. (-7,. * 
.AT.INDEX).:.GOTO.LOOP6.END. 

C , 
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.ELSE..BGIN.OUTPIJT.(ID.(CTLINK).,CONT.(LINK+1).y 

.AT.INDEX).;.IF.ID.(CTLINK)..NEQ.7.ANDa 

LNKR.(CTLINK)..GT.O.THEN.OUTPUT.(7, zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA, zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA9 

.AT.INDEX)..ELSE..UF..END.; 

.IF.LNKR.(CTLINK)..GT.O.THEN..BGIN.LINK= 

LNKR.(CTLINK).;.GOTO.LOOP6.END..ELSE. 

.BGIN.LOOP7:OUTPUT.(7,.* ) ,.AT.INDEX).;.IF. 

LSTCNT.EQ.O.THEN..GOTO.CYCLE 

.ELSE..BGIN.LINK=LNKR.(CONT.(LSTRTN(LSTCNT)).). 

;LSTCNT=LSTCNT-l;.IF.LINK.EQ.O.THEN. 

.GOTO.LOOP7.ELSE..BGIN.OUTPUT.(7,.* , ,.AT. 

INDEX).;.GOTO.LOOP6.END..END. 

. END. 
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Appendix 1. Features  of t h e  EULER Language 

EULER i s  a nes ted  b lock-s t ruc ture  language, s i m i l a r  t o  ALGOL. Thus, 

every block, c o n s i s t i n g  of a sequence of s ta tements  surrounded by .BGIN.  and 

.END. parentheses ,  can be t r e a t e d  as a s i n g l e  s ta tement  i n  ALGOL fash ion .  An 

EULER program c o n s i s t s  of an  EULER block preceded by .ENTRY and followed by zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
. EXIT. . 

I n  EULER, t h e r e  are t h r e e  d e c l a r a t i o n s  , one category f o r  d a t a  v a r i a b l e s ,  

one f o r  program l a b e l s ,  and one f o r  formal parameters of procedures.  I n  the  

program 

".ENTRY .BGIN. .NEW.X,Y.,.LABL.Z., 

Z. .X=Y .END. .EXIT." 

X and Y w i l l  s t o r e  d a t a ,  and Z w i l l  be a l a b e l  preceding some s tatement .  

Assigning a d a t a  type t o  a declared  v a r i a b l e  i s  accomplished by w r i t i n g  

an assignment s ta tement  wi th  d a t a  of t he  appropr i a t e  type on t h e  right-hand 

s i d e  of t h e  assignment. Thus, typing of v a r i a b l e s  i n  EULER i s  dynamic, s i n c e  

any assignment s ta tement  can change t h e  d a t a  type s t o r e d  i n  a v a r i a b l e .  And, 

d a t a  typing i s  i m p l i c i t ,  s i n c e  t h e r e  are no d e c l a r a t i o n s  l i k e  real ,  i n t e g e r ,  e t c . ,  

as appear i n  ALGOL. The fol lowing is a list of the  e i g h t  EULER d a t a  types:  

I. Number - I n  t h e  EULER system, a l l  numbers are assumed t o  be  

f l o a t i n g  p o i n t  numbers. The assignment s ta tement  

"V=E. , zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA'I 

wi th  E a numerical express ion  o r  number, causes  

v a r i a b l e  V t o  become a numerical v a r i a b l e .  

11. Symbol - I n  t h i s  EULER implementation, an assignment s ta tement  

such as 

trV=. *ALPHAN . , 
causes  t h e  s ix  cha rac t e r s  "ALPHAN" t o  be  s t o r e d  i n  

t h e  l o c a t i o n  named by v a r i a b l e  V. 

111. Logica l  - The l o g i c a l  cons t an t s  are .TRUE. and .FLSE., s tanding  

r e spec t ive ly  f o r  l o g i c a l  t r u t h  and falsehood.  

assignment s t a t  emen t., 

The 

"V=.L. , 1' 

wi th  L a l o g i c a l  cons t an t  dr  l o g i c a l  expression,  

causes  v a r i a b l e  V t o  become a l o g i c a l  v a r i a b l e .  
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I V .  Label - 

V. 

V I .  

V I 1  . 

It w i l l  be r e c a l l e d  t h a t  EULER programs dec la re  

.NEW. v a r i a b l e s  as w e l l  as .LABL. s ta tement  l a b e l s .  

I n t e r e s t i n g l y  enough, i f  V is a v a r i a b l e  i n  some 

EULER program, and V is  n o t  i n  a block g loba l  t o  

t h e  block of l a b e l  L ,  then the  assignment s ta tement  

“V=L. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA, I t  

causes  V henceforth t o  be of type l a b e l ,  and t o  be 

in te rchangeable  wi th  L i n  .GOTO. statements .  

I n  EULER, i f  V 1  i s  a v a r i a b l e  n o t  i n  a block g loba l  

t o  the  block of v a r i a b l e  V2, then the  assignment 

Reference - 

s ta temen t 

“ V l = .  AT. V2. 

makes V 1  a p o i n t e r  t o  the  d a t a  s t o r e d  i n  V2.  After 

V 1  i s  turned i n t o  such a p o i n t e r ,  t h e  two s ta tements  

“V2=V2+1. , 
and 

w i l l  have exac t ly  the  same e f f e c t  of manipulat ing 

whatever d a t a  i s  s t o r e d  i n  V2. 

“ V 1  . I N .  =V1. I N  .+1. , zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA‘I 

Procedure - zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAAn assignment s ta tement  of t h e  form 

“Vl=.$<expr>$. . 
causes  V 1  t o  become the  name of a parameter less  

procedure cal l  with body given by <expr>. As  a 

programming example, we might cons ider  t he  fol lowing 

EULER block: 

“.BGIN. .NEW.X,Y . , X=2; 

Y=.$.FRML.Z., X=X+Z$.., 

.OUT.Y. (5).  .END.” 

When Y.(5). i s  operated on by the  .OUT. opera to r ,  

t h e  va lue  7.0000 w i l l  be w r i t t e n  out .  

L i s t  - I n  EULER, l ists  can be cons t ruc ted  i n  t h r e e  d i s t i n c t  

ways : 

(a) On command : “ V l = .  LIST. 300. , 
This  s ta tement  c r e a t e s  a l i s t  of 300 cel ls  and makes 

V 1  t h e i r  name. 
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(b) By e x p l i c i t  no ta t ion :  

This  s ta tement  creates a l i s t  c o n s i s t i n g  of two 

numbers and a s u b l i s t  and makes V2 t h e  n&e of 

t h a t  l i s t  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA. 

"V2=. (1, ( 2 , 3 ) .  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA, 4 ) .  . zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA,It 

(c )  By concatenat ion:  "Vl=Vl.CNCT.V2. ,'I 

Using t h e  concatenat ion ope ra to r ,  s m a l l  l is ts  can 

be jo ined  toge the r  i n t o  l a r g e r  ones. 

lists can be subsc r ip t ed  i n  t h e  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAsame way as ALGOL 

a r r a y s ,  and each element: of a l is t  can be any 

EULER d a t a  type,  inc luding  l a b e l ,  r e f e rence ,  and 

procedure,  

of t h e  g e n e r a l i t y  of t he  l i s t  no ta t ion :  

.BGIN..NEW.X,Y.,.LAL.Z., 

I n  a d d i t i o n ,  

The fol lowing EULER block i s  an example 

Y= . (2,  . $ . BGIN .x=x+i. ,Y zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA(x) .END. $ . , 
.$ .OUT.X$. ,Z) . . ,  

X = Y ( l ) .  ,Y. (X). . , .GOTO.Y(4).  , 
Z...OUT..*FINISH.END. 

With t h i s  program segment, first 3.0000, then 

FINISH, w i l l  be  w r i t t e n  o u t  by t h e  executed program. 

V I I I .  Undefined - Every v a r i a b l e  dec lared  by .NEW. i n  an EULER program 

i s  i n i t i a l l y  of type .UNDF.(undefined). I n  a d d i t i o n  

.UNDF. i s  used as a d a t a  cons t an t  occas iona l ly  and as 

an empty opt ion  i n  cond i t iona l  s ta tements ,  such as: 

"V=.IF.Ll.THEN..(l,S)..ELSE..UNDF.., 1) 

For more d e t a i l s  on EWER programming t h e  reader  is  r e f e r r e d  t o  t h e  Wirth and 

Weber EULER paper  (11). 
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Appendix zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA2. The SLIP Routines Used i n  Implementing EULER 

The cu r ren t  EULER implementation uses  lists whose ce l l s  c o n s i s t  

of p a i r s  of memory words having t h e  fol lowing format: 

Machine Address zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA= M 

Machine Address = M + zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA1 

The LNKR f i e l d  of word M s t o r e s  t h e  machine address  of t h e  f i r s t  word 

of the  next c e l l  i n  a l i s t .  If LNKR = 0 ,  then t h a t  c e l l  i s  the  l a s t  

cel l  of some l ist .  The LNKL f i e l d  s t o r e s  a count of how many program 

names r e f e r  t o  a cell; i .e. ,  t h e  LNKL measures how many t i m e s  a pro- 

grammer has  made t h a t  ce l l  t h e  head of a l ist .  The type f i e l d ,  of course,  

s t o r e s  the  type code of t he  datum o r  l i n k  contained i n  word M + 1. 

I n  the  EULER algori thms desc r ib ing  the  commands of t he  reverse 

P o l i s h  i n t e r p r e t e r  system, the  fol lowing subrout ines  are used f o r  l i s t  

manipulation: 

I. INITAS.(.AT.AVSL,.AT.LAVS,2000). 

This r o u t i n e  passes  p o i n t e r s  from the  word AVSL 

and t h e  200 word a r r ay  LAVS t o  a subrout ine  t h a t  

organizes  LAVS i n t o  a pool  of l i s t  cel ls .  A 

p o i n t e r  t o  the  f i rs t  ce l l  of t h i s  pool  is  s t o r e d  i n  

t h e  LNKR f i e l d  of AVSL, and the  LNKL f i e l d  of AVSL 

s t o r e s  a p o i n t e r  t o  the  last  ce l l  of the  LAVS pool.  

11. ID. (WORD). , LNKL. (WORD) zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAe ,  LNKR. (WORD) e 

These func t ions  perform appropr i a t e  masking and 

s h i f t i n g  of the  conten ts  of t he  <name> WORD, and 

r e t u r n  as values  t h e  I D ,  LNKL, and LNKR f i e l d s  of 

WORD, r e spec t ive ly .  

111. CONT. (ADDRESS). 

This  func t ion  r e t u r n s  t h e  datum s t o r e d  i n  the  memory 

word wi th  l o c a t i o n  given by ADDRESS. 
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IV. SETDIR.(ID,LNKL,LNJCR,NAME). zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

Packs t h e  va lue  of ID i n t o  the  ID f i e l d ,  LNKL 

i n t o  the  LNKL f i e l d ,  and LNKR i n t o  the LNKR 

f i e l d  of the  word NAME. If any of t h e  f i r s t  

t h r e e  parameters of SETDIR is  -1, the  corre- 

sponding f i e l d  of NAME is l e f t  unchanged. 

v. SETIND. (ID,LNKL,LNKR,ADDRESS) zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA. 
S i m i l a r  t o  SETDIR above, except  t h a t  ADDRESS i s  

t h e  machine address  of some word i n  memory. 

VI. MADOV,(NAME). 

This f u n c t i o n  r e t u r n s  t h e  machine address  of 

t h e  word conta in ing  the d a t a  s t o r e d  i n  NAME. 

VII. NUCELL 

This parameter less  func t ion  r e t u r n s  a l i n k  t o  

t h e  f i r s t  f r e e  l i s t  c e l l  i n  the  LAVS pool. 

NUCELL a l s o  resets t h e  LNKR f i e l d  of t h e  AVSL 

word t o  p o i n t  t o  t h e  new head of LAVS, and 

NUCELL i n i t i a t e s  garbage c o l l e c t i o n  of any 

unused s u b l i s t s  t h a t  i t  encounters.  



Appendix 3. The zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAEULER Translator Listing zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA4 3  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
B t X E C U T t  I U JOB zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
B I U  SCHNEIDER,VICTOR B m * 0 0 1 / 6 8 / 7 9 9 * 5 M + 5 0 P * l ~ ~ C * B I N A R Y ~  
B I D J O B  GO 
B I B F T C  TRANSL 
C NAMING AND T Y P I N G  OF STRUCTURES I N  TdE EULER TRANbLAlORm 

L O G I C A L  UNSAME,NOTIUT 
D I M E N S I O N  I D N T L S ( ~ ~ ~ O ) ~ I N P U ~ ( ~ O ~ U ) ~ O ~ T P U T ( ~ ~ ~ ~ ) ~ N ( ~ ~ ~ ) ~  

E O U I V A L t N C E  ~ I N P U T ~ 5 0 1 ~ ~ O ~ T P ~ T ~ 1 ) ) , ( I N P U l ~ l ~ ~ ~ l ~ ~ l U ~ ~ T L ~ ~ l ~ ) ~  
I S T O R A J ( 2 0 0 )  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
1. ( I N P t J T ( 2 5 0 1 ) , N ( l ) ) ,  ( I N P U T ( 2 8 0 1 ) , S J O R A J ( l ) )  
I N TEGER OUTPUT 9 PHOCHU zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA9 PRCEND ,BEG I N 9 T I  .MNA T 9 SEMCLN 9 COLC;N 9 145 5 I h: 9 

1 OUT ,TEST ,SW I ICH,  THEN, ELSEgOR 9 FRSTOR9SCNCOK , A n i ; ,  F S l  AKI; 9:lcCfdAf:iJ 
2 G R E A T R , G R A T E O , P L U S I A D D , S U ~ T R C ~ F L T D I V , E X P N N ~ , ~ ~ N C A T , ~ ~ ~ F ~ ~ ,  
3 R T P R E N , T A I L ~ F ~ , H M k L ~ C ~ M M A ~ V A R I ~ L ~ A T ~ l ~ R t A L ~ T ~ ~ ~ ~ L ~ T ~ I ~ ~ T ~ ~ l ~ ~ ~ l H ,  
4 F A L S T Y I S Y M ~ O L , & ~ L K N U M ~ ~ T O R A J  

DATA K o G I N I K E N D / ~ ~ ~ ~ E N T R Y  ,6HmEXI T e /  

DATA I ~ L A N K , N U M B ~ R , L t N G T H , L O G ~ A L /  

DATA I S N ~ B R , I S L G C L , I 5 L A ~ L ~ I ~ L ~ S ~ ~ I S U N D F , I S R F R ~ ~ I ~ P ~ C ~ ~ I S Y ~ ~ L /  
1 1HO , 6 4 1 m  NPlBRo 9 6Hm LNGT m 9 61imLGCLm / 

1 ~ H ~ I S N U ~ ~ ~ H . . I S L ~ O ~ ~ H . I S L A . , ~ H . I S L I I , ~ H ~ I S L I ~ ~ ~ H C I S U N ~ ~ ~ ~ ~ ~ I ~ ~ ~ E ~ ~  
2 6HmISPRm,6HmISSYm/ 

DATA N E W , L A H E L I J U M P , N E G A T E ~ L A B D ~ . ~ ~ I S S A M ~ , N O T S A M /  

DATA LESSTN,LEbSEQ,NEG,MODULO~Ml T P L Y , I N l D I V /  

DATA INSIDE,LFPREN,LSCALL,LIST,LISTHD,LSTH@9LSTEND~LSBbCP/ 

DATA P R O C H D , P H C E N D , U E G I N ~ T R M N A T ~ S E M C L N 9 C G L O ~ /  

DATA ASSINE,OUT,TEST,SWITCH17HEN1 

DATA G R E A T R , G R A T E O ~ P L U b r A D D ~ S U B T R C ~ F L J D I V ~ E X P f l N l /  

DATA ELSE,OR,FRSTOR,SCNDOR~AND~FSJAND,SCNAND/ 

DATA CONCAT,UNDFND,RTPREN~TAIL9FURMAL,COMMAIVARIBL/  

DATA A T ~ T O R E A L ~ T O A B S L , T O I N T G ~ T R U T H ~ F ' l L S T Y ~ b Y M B G L /  

1 ~ H ~ N E W ~ , ~ H ~ L A ~ L ~ , ~ H . G O T ~ ~ ~ ~ ~ ~ ~ N O T ~ ~ ~ H ~ L ~ D F ~ ~ ~ H ~ ~ ~ O ~ ~ H ~ N E ( ~ ~ ~  

1 ~ H ~ L T ~ , ~ H ~ L E O ~ , ~ H O N ~ G . , ~ H . M L ' L O . , ~ H ~ ~  3H./e/ 

1 ~ H ~ I N ~ , ~ H ( , ~ H ~ L S C L ~ , ~ H ~ L I S T ~ ~ Z ~ ~ ~ ( ~ ~ H ) ~ ~ ~ H ( ( ~ O /  

1 2 H m $ , 2 H $ 0 , 6 H o ~ G I N m 9 5 H m ~ N ~ m 9 2 ~ ~ m ~ ~  ? H e m /  

1 ~ H = , ~ H ~ C U T ~ , ~ H ~ I F ~ , ~ H ~ S W C H O ~ ~ H ~ T ~ ~ ~ N ~ /  

1 ~ H ~ G T I , ~ H ~ G E Q ~ , ~ H ~ P L U ~ . , ~ H ~ , ~ H - , ~ H / ~ ~ H * * /  

1 ~ H ~ E L S E ~ , ~ H ~ O R O , ~ H ~ F S O R . , ~ H . S C O R I , ~ H . A N D ~ ~ ~ H ~ ~ A N D ~ ~ ~ H ~ S A N ~ ~ /  

1 ~ H ~ C N C T ~ , ~ H O U N D F ~ , ~ H ) , ~ H . T A I L . , ~ H I F H M L ~ , ~ H , ~ ~ H ~ V R ~ L ~ /  

1 ~ H ~ A T ~ ~ ~ H ~ R E A L O ~ ~ H O A U S T . , ~ H , I N T G . , ~ H . T R U E ~ ~ ~ H ~ ~ L ~ ~ ~ ~ ~ ~ ~ * /  
C 
C I N I T I A L I Z A T I O N - - I T  INDEXES I D N T L S ,  J K  INDEXES INPUT,  LL INDEXES OUTPUl 
C AND I K  INDEXES N, BLKNUM INDEXES STORAJo MARK I 5  J 5 t D  I N  W R I T I N G  OUT 
C TRACES FOR BAD PROGRAMS. 
C 

I T = O  
J K =  1 
LL=O 
I K = O  
bLKNUM=O 
MARK= 1 

WRITE(  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA6 9 4  1 
C A L L  E D I T O R ( I N P U T 1  

4 F O R M A T ( l H 1 )  
C 
C I N I T I A L  P O I N T  FOR TRANSLATION 
C 

I F ( U N . i A M E ( I N P U T ( J K ) , K b G I N ) )  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAGO TO 8000 
C A L L  S T O R E ( K B G I N ~ N , I K I J K )  

C 
C I N I T I A L  P O I N T  F O R  BLOCK. 
C 



C 
c I N I T I A L  P O I N T  FOR PRIMARY. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

z 1 c  

C 
200 I C O D E = I N P U T ( J K )  

I F ( U N S A M E ( I C O D E , S Y M t i O L ) )  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA60 T O  2:O 
C A L L  OUTCOD(SYMBOL,OUTPUT,LL)  
J K = J K + l  
C A L L  O U T C O D ( I N P U T ( J K ) , O U T P U T , L L )  
J K = J K + l  
GO TO 300 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
I F ( U N S A M E ( 1 C O D E ~ N U M B E R ) )  GO T O  220  
C A L L  OUTCOD(NUMUER,OUTPUT,iL) 
C A L L  O ~ T C O O ( I N P U T ( J K + 1 ) 9 0 U T P U T ~ L L )  
C A L L  O U T C O O ( I N P U T ( J K + 2 ) , 0 U T P L J T ~ L L )  
J K = J K + 3  
GO TO 300 

2 2 0  I F ( U N S A M E ( I C O O E ~ T H U T ~ ~ * A N ~ e U N S A ~ l ~ I C O ~ t ~ F A L ~ l Y ~ e A N l ~ e U N b A f ~ ~ t ~  
1 ICODEIUNDFND))  GO T O  2 3 0  

C A L L  OUTCOD(ICODt ,OUTPUT,LL)  
J K = J K + l  
GO TO 3 0 0  

I F ( U N S A M E ( I N P U T ( J K + l ) ~ C O L O N l )  GO T O  2 3 5  
C A L L  O U T C O D [ L A B O t F , O U T P U T , L L )  
CALL O U T C O D ( I C O U ~ ~ O L J T P U T , L L )  

23C I F ( N O T I U T ( I C 0 O E ) )  GO T O  8 2 3 0  
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JK=JK+2  
GO TO 100 

2 3 5  J K = J K + l  
N O F I K = N ( I K )  
I F ( U N S A M E ( N O F I K , F O K M A L )  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA1 GO TO 2 5 0  
ITEMP=FORMAL 
C A L L  OUTCOD(FORMAL,OUTPUT,LL)  
C A L L  OUTCOD(ICODE,OUTPUT,LL) 
I T = I T + l  
I D N T L S ( I T ) = I C O D E  

I C O D E = I N P U T ( J K )  
I K Z I K - 1  

IF(UNSAME( ICODE,COMMA) 1 GO TO 2 4 6  
C A L L  S T O R E ( I T E M P , N q I K , J K )  
GO TO 2 0 0  

2 4 0  IF (UNSAME( ICOOE,SEMCLN)  1 GO TO 8 2 4 0  
J K = J K + l  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
IF (UNSAME(N( IK) ,PROCHD))  GO TO 8 2 4 1  
GO TO 100 

I T E M P = N O F I K  
C A L L  OUTCOD(ITEMP,OUTPUT,LL) 
C A L L  O U T C O D ( I C O D ~ , O U T P U T I L L )  
I T = I T + l  
I D N T L S ( I T ) = I C O D E  
I K Z I K - 1  
I C O D E = I N P U T ( J K )  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
I F  (UNSAMk( ICODE,COMKA) )  GO TO 255 
C A L L  STORE(1TEMP vN, IK,JK)  
GO TO 2 0 0  

J K = J K + l  
I F ( U N S A M E ( N ( I K ) I S E G I N ) )  GO TO 8 2 2 6  
GO TO 100 

2 5 0  IF(UNSAMEINOFIK,NEW)eANU.UNSAME(i lOFIK,LAUtL)  1 GO T O  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA260 

2 5 5  IF(UNSAME(ICODE,SEMCLN))  GO TO 8 2 5 5  

C ICODE I S  S T I L L  THk I D E N T I F I E R  I N  QUEdTIONe 
2 6 0  I TEMP= I T 
2 6 1  IF (eNOTeUNSAME( IONTLS( IT f iMP)9 ICODE))  GO TO 2 6 5  

I T E M P z I T E M P - 3  
I F ( I T E M P 1  8 2 6 1 9 8 2 6 1 9 2 6 1  

C A L L  OUTCOD(ICODE,OUTPUT9LLI  
2 6 5  C A L L  O U T C O D ( V A R I B L 9 O U T P U T , L L )  

c 
C 2 6 6  IS THE L A B E L  V A R I A B L E  I N  THE FLOWCHARTC 
C J K  WAS INCREMENTED A T  L A B t L  235aICODE WAS THEN I N P U T ( J K - 1 ) .  
C 

2 6 6  I C O D E = I N P U T I J K )  
IF(UNSAME(ICODE,INSIDE)) GO TO 2 6 9  
C A L L  OUTCOD(INSIDE,OUTPUT,LL 1 
J K = J K + )  
GO TO 266 

269 IF(UNSAME(ICODE,ASSINE)) GO J.0 2 7 5  
270 C A L L  STORE( ICODE,N, IK ,JK)  

2 7 5  IF(UNSAME(ICODE9LISTHDI)  GO TO 2”7 
GO TO 100 

C A L L  WTCOD(LSCALL ,OUTPUT,LL )  
C A L L  OUTCOD(LISTHD,OUTPUT9LLl 
GO TO 2 7 0  

2 7 7  IF(UNSAME(ICODE,LFPREN))  GO T O  2 8 0  
C A L L  STORE(LSBSCP9N, IK ,JK)  
GO TO 100 

280 N O F I K = N ( I K )  
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I F ( U N S A M E ( N O F I K , A T ) )  GO TO 285 
I K = I K - l  
GO TO 300 

2 8 5  I F ( ~ N S A M E ( N O F I K , I S N M ~ ~ ~  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAe A N ~ o U N S A M ~ ( N O F I K , I ~ L G C L ) . A N D .  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
I. U N S A M E ( N O F I K I I S L A ~ L ) . A N D I U N S A K ’ ( N O F I K , I S L I ~ T ) e A N ~ *  
! U N S A M E ( N O F I K , I S U N U F ) ~ A N ~ ~ U N S A ~ ~ ( ~ l O ~ f ~ ~ I S ~ ~ ~ ~ ~ ) ~ A ~ ~ .  
% U N ~ A M E ( N O F I K I I S P K C D ) * ~ ~ N U * U N S ~ ~ ~ - ( N O F I ~ , I ~ Y ~ ~ : ~ L )  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA1 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAGO T b  2 9 5  

C A L L  OUTCOD(NOFIK,OUTPUT,LL)  
I K = I K - l  
GO T O  300 

2 9 5  C A L L  OUTCOD( INSIDE,OUTPUT,LL )  
C 
C 3 0 0  IS 1 H E  LAOEL OF P R I M A R Y .  
C 

300  N O F I K = N ( I K )  
I F ( U N S A M E ( N O F I K , T A I L ) )  GO TO 3 0 5  
C A L L  O U T C O D ( r ~ O F I ~ r U U T P U T , l L )  
I K = I K - 1  
GO TO 300 

C A L L  OUTCOD(NGFIK,OUTPUT,LLj  
I K Z I K - 1  
GO TO 1 0 U b  

305 I F ( U N S A M E ( N O F I K , J U M P ~ . A N ~ . U ~ S A M € ( N ~ ~ i K , O U T ) )  (10 T O  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA3 1 0  

C 1000 IS THE L A B k L  OF i i X P K i 5 5 1 O N 1  

C 400 IS THE L A B t L  OF CATENA. 
310 I F ( U N S A M E ( N O F I K , C O N C A T ) )  GO T O  4 U O  

C A L L  OUTCOD(NQFIK,OUTPUT,LL)  
I K =  I K - 1  

C 
C 400 IS THE L A B E L  OF CATfrNAo 
C 

400 IF (UNSAME( INPUT(JK) ,CONCAT))  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAGO T O  410 
C A L L  S T O R ~ ( C O N C A T ~ N P I K I J K )  
GO TO 100 

IF(UNSAME(NOFIK9LENGTH)) GO TO 420 
C A L L  OUTCOD~LENGTH9OUTPUT,LL I  
I K X I K - 1  
GO TO 300 

C A L L  OUTCOD(EXPNNT,OUTPUTILL)  
I K Z I K - 1  

410 N O F I K = N ( I K )  

420 I F ( ~ N S A M E ( N 0 F I K i t X P N N T ) )  GO 10 5 b O  

C 
C 500 I S  THE L A B E L  OF FACTOR. 
C 

5oc zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
5 2 0  

1 

C 
C 600 
C 

600 

1 

I F ( U N S A M E ( I N P U T ( J K ) , E X P N N T ) )  GO TO 520 
C A L L  S T O R E ( E X P N N T g N 9 I K v J K )  
GO TO 100 
N O F I K = N ( I K )  
I F ( U N S A M E ( N O F I K I M L T P L Y ) , A N D . U N S A M E ( N ~ F I K , I ~ T ~ ~ V ) * A ~ D ~  

U N S A M E ~ N O F I K ~ F L T O I V I o A N D ~ U N S A M ~ ~ N O ~ I K , M O ~ U ~ O ~ ~  GO T O  600 
C A L L  O U T C O D ( N O F I K ~ O U T P U T I L L )  
I K - I K - 1  

IS THE L A B E L  OF TERM. 

I C O D E = I N P U T ( J K )  
I f ~ U N S A M E ~ I C O D E ~ M L T P L Y ~ o A N ~ ~ U N S A M E ~ I C O D E ~ I N T ~ I V ~ o A N ~ ~  

U N S A M E ~ I C O D E ~ F L T D I V ) o A N D o U h S A M E ~ I C O D E ~ M O D U L C . ) ~ ~  GO TO 610 
C A L L  STORE(ICODE,N91K,JK)  
GO T O  103 
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610  N O F I K = N ( I K )  

I F ( U N S A M E ( N O F I K ~ P L U ~ ) . A N U . U N S A M E ~ N O F I K ~ N E G ~ ~ A N ~ O U ~ ~ ~ M ~ ~ N ~ F I ~ ~  
1 A D D ) ~ A N O O U N ~ A M ~ ~ ( N O F I K ~ ~ U ~ ~ R C ) )  GO zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAIO '790 

C A L L  OUTCOD(NOFIK,OUTPUT9LL)  
I K Z I K - 1  

C 
C zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA7iJO I S  THE L A B E L  OF SiJMo 
C zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

'7 0 0 I C O D E = I N P U T ( J K )  
I F ( U N S A M E ( I C O U E , I S ~ A M E ) O A N ~ O U N ~ A M E ( I C O D E ~ N ~ I ~ A I ~ ) . A N ~ ~  

1 ~ N ~ A M E ( I C O ~ t , L ~ ~ s i N ) e A N ~ e ~ N ~ A M ~ ~ I C O U t , L E ~ ~ t ~ ) o A N ~ o  
2 ~ N ~ A M E ~ I C O D t ~ G R E A T R ~ o A N D o U N ~ A M E ~ I C O D E ~ ~ R A T ~ ~ ~ o A N ~ o  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
3 U N S A M E ( I C O D ~ , A D D ) ~ A N ~ O U N ~ A M E ~ ~ C ~ D E , ~ " B I R C ) )  GO t 0  71" 

C A L L  STORE( ICODE,N, IK ,JK)  
GO TO 100 

71C N O F I K = N (  I K )  
I F L U N S A M E ( N O F I K ~ T O I N I G ) O A N D O I I N ~ A ~ ~ E I N O F I K ~ I O A ~ ~ L ) O A N I ~ ~  

1 ~ J N S A M E ( N O F I K ~ L O G C A L ) ~ A N ~ O U N S A M ~ ( N ~ ~ I K ~ L I ~ T ) ) G O  T O  7 2 0  
C A L L  OUTCOD(NOFIKIOUIPUI,LL)  
I K = I K - 1  
GO TO zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA30c) 

7 2 0  I F ( U N S A M E ( N O F I K ~ I S S A M E ) O A N D O U N S A M E ( N O F I K  ,NOTSAM)oANDo 
1 U N S A M E ~ N O F I K ~ L E S S l N ~ o A N D e ~ N 5 A M ~ ~ N O F I K , L E ~ ~ t ~ ~ o A N D o  
2 l J N S A M E ( N O F I K , G R t A T R ) o A N L ) o ~ N S A M k ( N O - I K , G R A l L Q ) )  GO 10 7 3 0  

C A L L  OUTCOD(NOFIK,OUTPUT,LL) 
I K Z I K - 1  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
GO TO 800 

I K = I K - l  
I F ( U N S A M E ( I N P U T ( J K ) r R T P R E N ) )  GO TO 8730 

J K = J K + l  
GO TO 266 

7 3 u  I F ( U N S A M E ( N O F I K 9 L S B S C P ) )  GO TO 800  

CALL O U T C O D ( R T P R E N , O U I P U l ~ L L )  

C 
C 
C 

8 0 0  I S  THE L A B E L  OF RELATION.  

8 0 0  IF (UNSAME(N( IK1 ,NEGATE) )GO TO 8 5 0  
C A L L  O U T C O D ( N E G A T E I O U T P U T ~ L L )  
I K Z I K - 1  

C 
C 850  IS NEGATION. 
C 

8 5 0  I F ( U N S A M E ( N ( I K ) , A N D ) )  GO TO 8 7 0  
C A L L  OlJTCOD(SCNANDvOUTPUT,LL)  
I K Z I K - 1  

C 
C 8 7 0  I S  THE L A B E L  OF D I S J U N C T I O N  
C 

8 7 0  I F ( U N S A M E ( I N P U T ( J K ) , A N D ) )  GO TO 8 8 0  
C A L L  S T O R E ( A N D r N , I K , J K )  
C A L L  OUTCOD(FSTAND9OUTPUT9LL) .  
GO TO l G 0  

C A L L  OUTCOD(SCNDOR9OUTPUT9LL)  
I K Z I K - 1  

8 8 0  I F ( U N S A M E ( N ( I K ) , O R ) )  GO TO 900  

C 
C 100 IS THE L A B E L  OF CONJUNCTION. 
C 

9 0 c  I F ( U N S A M E ( I N P U T ( J K ) r O R ) )  GO TO 91ci  
C A L L  S T O R E ( O R 9 N 9 I K 9 J K )  
C A L L  O U T C O D ( F R S T O R ~ O U T P U T , L L )  
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GO zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAT 3  100 

C A L L  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAO U T C O D ( T O k E A L , O U T P U T ~ L L )  
I K = I K - 1  
GO TO 3 0 0  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA9 1 I) I F ( U N S A M E ( N ( 1 K ) r T O R E A L ) )  GO TOlOOO 

C 1000 I S  T t i t  LAt3EL OF EXPRESSION*  
1i)Ci) 

1 3 1 G  

1 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA(J 2 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA0 

1 0 3 0  

104C 

135Q 

1055 

1060 

C 
C 
C 

1190 

1116 

N O F I K = K ( I K )  
IF (UNSAME(NOFIK,ASSINE))  GO TO 1?10 
C A L L  OUTCOD( ASSINE,OUTPUl  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAr LL 1 
I K = I K - 1  
GO T O  1 0 0 0  
I F ( U N S A M E ( N O F I K , L F P H E N ) )  GO T O  1 ' ) 2 0  
I K = I K - 1  
I F ( U N S A M ~ ( I N P U T ( J K 1 , K T P R E N ) )  GO '10 9010 
J K = J K + l  
GO TO 300 
I F ( U N S A M E ( N O F I K , T t b T ) )  GO TO 1031? 
C A L L  OUTCOII(TEST,OUTPUT,LL) 
I K = I K - 1  
I F ( U N S A M E ( I N P U T ( J K ) , T H E N )  1 GO TO 9020 
C A L L  
GO TO 100 
I F ( U N S A M E ( N O F I K , T H E N ) )  GO T O  1 0 4 ~  
C A L L  OUTCOD(SWITCH,OUTPiJT,LL)  
C A L L  OUTCOD( THEN,OUTPGTILLI 
C A L L  OUTCOD(NEGATE,OUTPUT,iL) 
C A L L  OUTCOD(TE~TIOUTPUT,LL )  
I F ( U N S A M E ( I N P U T ( J K ) , E L S E ) )  GO IO 9030  
N ( I K ) = E L S E  
J K = J K + l  
GO TO 100 
I F ( U N S A M E ( N O F I K r E L 5 E ) )  GO TO 105Cl 
C A L L  OUTCGD(SWITCH,OUTPUTILL)  
C A L L  O U T C O D ( T t 4 E N ~ O U T P U T r L L )  
C A L L  OUTCOD(SEMCLNrOUTPUT,LL)  
I K = I K - 1  
GO TO 1000 
I F ( U N S A M E ( N O F I K , L I S T H D ) )  GO TO lu60 
I K =  1,:-1 
IF(UNSAME(INPUT(JKl*LSTEND)) GO TO 1055 
C A L L  OUTCOD(LSTENDTOUTPUT~LL)  
J K = J K + l  
GO TO 300 
I F ( U N S A M E ( I N P U T ( J K ) , C O M M A ) )  GO TO 9 0 5 5  
C A L L  OUTCOD(COMMA~0UTPUT 9 L L )  

C A L L  STORELLISTHD,NI IKPJK)  
GO TO 100 

I K =  I K-,l 
I F ( U N S A M E I I N P U T ( J K ) , P R C E N D ) )  GO TO 9060 
J K = J K + l  
C A L L  OUTCOD(PRCENDIOUTPUTTLL)  
GO TO 300 

STORE ( THEN,N, I K I  J K  1 

IF (UNSAME(NOFIKTPROCHD))  GO ro 1100 

1100 IS THE L A B E L  OF STATEMENT. 

IF (UNSAME(N( IK ) ,SEMCLN) l  GO 10 1110 
I K Z I K - 1  

IF(UNSAMEIICOOE,SEMCLN))  GO TO 1120 
C A L L  OUTCOD(SEMCLN,OUTPUT,LL) 

I C O D E = I N P U T ( J K )  
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CALL STORE(SEMCLN,N,IK,JK) zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
GO T O  100  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

1 1 2 b  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAI F ( U N S A M E ( I C O D E , T R M N A T ) )  GO T O  9120 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
1 1 2 1  CALL zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAO U T C O D ( T R M N A T 9 O U T P U T ~ L L )  

JK=JK+l 
IF(UNSAME(N(IK),BEGIN)) GO T O  9 1 2 1  
IT=5TORAJ(BLKNUM)-l 
H L K NU M = B L K NU zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAF - 1 
IK=IK-1 
IF(IT.LT.0) GO T O  9 1 2 1  

C 
c 1200 IS T,it LABEL O F  BLOCK. 
C 

1200 I F ( ~ N S A M E ( N ( I K ) , K B G I ~ ) )  GO TU 1060 
I F ( G N S A M E ( I N P U T ( J K ) 9 K E N D ) )  C - 0  TO 920U 
I IK=LL+l 
DO 1210 IKK=IIKv1000 

1219 OUTPUT( IKK)=IBLANK 

1220  IIK=IIK+l 
I zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAI K=O, 

IKK=ll+IIK 

IF(iKK.GT.l000)IKK=100(J 
ITT=IKK-lO 

I F ~ I K K * E U . 1 0 0 0 ~ O R * O U T P U T ~ I K K + l ~ ~ ' ~ Q C - I ~ L A N K ~  GO TO 1240 
1230 W R I T E ( 7 9 1 2 3 5 ) ( O U T P U T ( N O F I K ) 9 N O F K K = I T T 9 I K K )  

1240  W R I T E ~ 7 ~ 1 2 4 5 ~ M L T P L Y ~ ~ O U T P U T ~ N O F I K ) , N O F I K ~ ~ N O F I K ~ I T T ~ I K K ~  
1235 FORMAT(6X,llA698X) 
1245 FORMAT(A195X911A6r8X) 

STOP 
6i)OL) WRITE(696080) 
6080 FORMATIlH0982HTHE FOLLOWING IS A T R A C E  OF THE PORTION O F  YOUR 

GO TC 1220 

IPROGRAM THAT CONTAINED THE ERROR. 6 H T H E  LAST WORD CAUSED 
2THIS ERROR MESSAGE 0 BE WRITTEN. 1 

6 0 2 0  WRITE(696050)(1 PUT (MM 1 9MM=MAHK, JK  1 
6050  FORMAJ(1H 912A6) 

6060 FORMAT(lH0925HTHk ERROR SCAN CONTINUES.////////) 
WRITE(6,6060) 

6 0 9 0  JK=JK+l 
IF(JKoGTe5UO) GO TO 9 5 0 0  

ICODE=INPUT(JK) 

JK=JK+l 
MARK=JK 
GO T O  1 0 0  

MARK= J K  
JK=JK+l 
GO T O  1110 

IF(UNSAME(ICODE,SEMCLN))  GO T O  6395 

6095 IF(UNSAME(ICODEITRMNAT) 1 GO T O  6090 

8000 WRITE(694000) 
4 0 0 0  FORMAT(lH0,SOHIMPROPER CONTROL SYMBOL AT BfrGINNKNG OF PROGRAM. 

1 1 
JK=JK+l 
GO T O  100 

8230 W R I T E ( 6 ~ 4 2 3 0 1  
4230 FORMAT(1HO95OHILlEGAL OR MALFORMED IDENTIFIEKC- PROGRAM INVALID 

1. 1 
GO T O  6000 

8 2 4 0  WRITE(694240) 
4240 FORMAT(lH0960HILLEGAL PUNCTC'ATION IN FORMAL UECLARATION. I N V A L  

1ID PROGRAM. 1 
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GO zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAT O  6000 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

~ 2 4 1  kR zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAI T C ( 6 9 [ + 2 4 1 )  
4 2 & 1  TORGAT ( 1 H O ~ G C H F O H M A L  UECLAKAT I U N  I N  NONpH6CtbURL IjLCCi;. I IuVI"\LI  

1:) PNCIGHAM. 1 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
(I(; TO 6dL)tJ 

A255 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAh H I T E ( b r 4 2 5 5 )  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
4 ? 5 5  FO;IMAT( ?t i0 ,7u t t ILL tGAL PdNCTbA1 I O N  I N  OECLARAT IOiq P A I i T  of- u L b f k  

1 I NVAL IO PROGRAM. 1 
L O  TO bC\i)O 

8 2 5 6  i i R  I I Lr ( zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAb ,4256 1 
4 2 5 6  FORMAT ( ~ H d r 6 7 t i 0 E C C k H A T I O N  ATTLMPT AT WRONG PLINT I f $  PK(JbI<A:.;. 

1 I NVAL I I, PROGIiAi.'ie 1 
GO TO 6 d t I  b 

8 2 6 1  W H I T E ( S r 4 2 6 1 )  
4 2 6 1  c FORMAT( 1HU96ddATTEMPTEU USE OF iJt4DtCLARk.b 1DtEuTIk ItH. I I u V , " \ L I I J  

[PROGRAM 1 
GO TO 6030 

873s W R I T E ( 6 9 4 7 3 0 )  
4 7 3 0  FGRMCtT( l H 0 ~ 6 0 H U N B A L A N C t D  SUUSCRIPTI 'NG PARENTHESES. I N V A L I D  

1PROGRAM. 1 .  
GO TO 600u 
WR I T L( 6 9  5L, 10 1 9d lL '  

5 0 l u  F O R M A T ( i t i U , 6 7 l - r ~ N ~ A L A ~ C E ~  P A H E N T H t S E s  AHOlJlVD AN t X P R € . S 5 I O h .  I laV 
l A L I D  PROC,IAPlo 1 

60 T;> 6000 
9 3 2 0  W R I T E ( 6 ~ 5 0 2 0 1  
5 v 2 d  F G R ~ A T ( l H L , 6 0 H M I S S I N G  Tt+ER*+ I N  C O N D I T I O N A L  STATEMtNT,  I N V A L I D  

1 PROGRAM. 1 
GO T O  6000 

9 9 3 0 .  W R I T E ( 6 9 5 0 3 0 1  
503d F O H ~ I A T [ ~ H U S ~ ~ H M I S S I N G  +ELSE* I N  -CONDITIONAL 3 T k T L M t N T o  I N V A L I O  

1PROGHAM. 1 
GO TO 6000 

9055 WRS T E (  695055) 
5 0 5 5  F O R M A T ( l H 0 9 4 1 H M I S S I N G  *COMMA* I N  LIST.  I N V A L I D  PROGRAM. 1 

9 . ~ 6 0  W R I T E ( 6 9 5 0 6 0 )  
GO TO 6300 

5(J60 F O R M A T ( I H 0 , 6 0 H M I S S I N G  $ e  TO k N D  A PHOCEOURE U L F I N I T I O N .  I N V A L I  
10 PROGRAM. 1 

GO TO 6000 
9 1 2 0  W R I T E ( 6 t 5 1 2 0 1  
5 1 2 0  FORMAT( IHOI~OHNO SEPlICOLON*+ OR +END* A T  END O F  A STATEMENT. 

l I N V A L I D  PRGGRAM. 
GO TO 600U 

9 1 2 1  W R I T E ( 6 9 5 1 2 1 )  
5 1 2 1  F O R M A T ~ ~ J ~ O ~ ~ ~ H * I ~ ~ G I N S *  AND +ENDS+ DO NOT BALANCE. I N V A L I O  

1PROGRAM. 1 
GO TO 6000 

9 2 0 0  W R I T E 6 6 r 5 2 0 0 )  
523b F O R M A T ( l H 0 ~ 6 7 H I M P R O P E R  CONTROL CARD SYMBOLS0 * B o +  IS M I S S I N G  

ZAT END OF PROGRAMo ) 

GO TO 6000 

STOP 
END 

B I U F T  : STOREX 

953i; ~ R I T E ( 6 , 6 0 5 0 ) ( O U T P U T ( I K K ) l l K K = 1 , 5 3 0 )  

SUHROLJTINE STORE( ITEM~INPLACsXNDEXl r INDf iXJ1  
D I M E N S I O N  I N P L A C ( 3 0 0 )  
INDEXS=INDEXI+ l  
I N P L A C ( I N C E X I ) = I T E M  
I N D E X J = I N D E X J + l  
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END 

B I b F T C  O C l T C u X  
SUBROUTINE zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAO U T C O D ( I T E ? 4 , I N P L A C , I P X X L )  

D I M E N S I O N  I N P L A C ( 1 0 0 0 )  
I N D E X L = I N D E X L + l  
I NPLAC ( zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA1 NDEXL 1 = zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAI TEM 
I F ( I N D E X L + l . G T . 1 0 0 0 1  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAGO TO 5 
;IETURN 

5 W H I T E ( ~ ~ ~ ~ ) ( I N P L A C ( I N D E X L ~ I I N D E X L = ~ ~ ~ ~ ~ ~ ~  
1 Cf F O R M A T ( l H 0 , 5 X , 1 2 A 6 )  

W R I T E ( 6 , l l )  

STOP 
END 

B I U F T C  N O T I D X  

11 FORMAT( lHO,5X,S lHPROGRAM TOO LARGE TO TRANSLATE.) 

L O G I C A L  FUNCTION N O T I O T ( N A M E 1  
L O G I C A L  LETTER 

I F ’ ( . N O T . L t T T E R ( I ~ H I F T ( F S T S Y M ( N A ~ t ) ) ) )  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAGO T O  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA5 
l ’ iOTIDT=oFALSEe . 

RETURN 
5 NOTIDT=eTRUEe 

RETURN 
END 

B I B F T :  L D I T X  

C I N I T I A L I L A T I O N  
SUBROUTINE E D I T O R ( I N P U T 1  

L O G I C A L  D I G I T I L E T T E R  
INTEGER STRGHD 
DATA STRGHD/2He* /  

INTEGER SEMCLN,PROCHD9PRIODS,SPACE,ULANK,PERIOU,A5TRSK 
DATA I C O M M A , N U M B E R / ~ H O , S ~ H . N M U R . /  
O A T A  S E M C L N I P H ~ C H D ~ L I S T H D I P ~ I ~ ~ ~ / ~ ~ ~ ~ ~ ~ H C ~ , ~ H ~ ~ ~ ~ H U ~ /  
INTEGER L E R O , O N E I T W O , T H K E E , F O U H , F I ? ’ E ~ S I X ~ S E V ~ N , ~ I ~ H T  

D I M E N S I O N  I N P U T ( 3 0 0 0 )  
DATA Z ~ R O ~ O N E ~ T W O ~ T H R E E ~ F O U R ~ F I ~ E I S I X ~ S E V € N I E I G H T I N I N E /  

l l H 0 ~ 1 H l 1 l H 2 ~ 1 H 3 ~ l H 4 , 1 H 5 , 1 H 6 J 1 H 7 , 1 H 8 1 l H 9 /  
OATA IBLANK,ASTRSK/2HO ,1H+/ 
O A T A  I ~ L A N K , P E R I O D I I P L U S ~ I M I N U S , I A S I G N , I F L D I V ~ I O O L A R ~  

l I R P R E N I I A S T R K / l H  , ~ H . , ~ H ~ + , ~ H O - T Z H O = ~ ~ H O / ~ ~ H ~ ~ , ~ H O ) , ~ H O + /  
DATA ILPREN, I~XPNT/ZHO( ,2H++ /  

DO 10 K K = 1 , 4 6  
LM=66*KK 
L L = L M - 6 5  
I F ( L M e G T . 3 0 0 0 )  L M = 3 0 0 0  
READ(S, l l )MARKER, ( INPUT(KL)9KL=LL9LMI  
I F ( I S H I F T ( M A K K E H ) e E Q . I A S T R K )  GO zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBATO 13 

1 0  CONT I NU E 
11 FORMATa(A1,5X,66A1,8X) 
1 2  FORMAT(1H ~ 8 0 A 1 )  
1 3  KK=O 

K L = O  
W R I T E ( 6 r l 2 ) ( I N P U T I K L ) ~ K L = l ~ L M l  

1 5  K K = K K + l  
I F ( K K e G T e 3 U ( J O ) G O  TO 80 

I C O D E = I S H I F T ( I N P U T ( K K ) )  
I F ( I C O D E o E O o 1 ~ L A N K ) G O  TO 1 5  
IF ( ICODE.EQ.PRIOO5)GO TO 20 
I F ~ I C O D E ~ ~ O ~ I P L D S ~ O H . I C O O E . E Q . I M I N U S . O R o I C O D E e E ~ ~ I A S I G N ~ O ~ ~  

1 I C O U E ~ E Q ~ I C O M M A ~ O R ~ I C O D E . E Q . I F L D I V 8 0 R . I C O ~ ~ o ~ Q m I L ~ R E N ) G O  TO 2 5  
I F (  ! C O D E ~ E Q e I D O L A R ~ O R ~ I C O D E e E Q ~ I R P i ~ E N ) G O  TO 30 
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IF ( ICODE.EQ. IASTRK)GO TO zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA35 
I F ( 3 I G I T ( I N P U T ( K K I ) ) G O  TO zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA45 
I F ( L t T T E R ( I C 0 D E ) ) G O  TO 40 
GO TG 1 5  

c f i t S k K V t D  WORK U E G I N N f N G  LU'ITH P E R I O D  
2 0  KL=KC+I. 

K K = K K + l  
I C 0 0 t = I S H I F T ( I N P U T ( K K ) )  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
I F (  I C U O L o N E o  1COMMA)GO zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBATO 2 1  
INPUT ( : < L ) = S E M C L N  
GO T O  1 5  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
I NPlJT ( K L  1 =PROCHU 
GO T O  1 5  

I N P U T ( K L ) = L I S T H D  
60 TO 1 5  

2 1  I F (  I C O D t e N E e  JDOLAKIGO TO 2 2  

72 I F (  ICODE.NEe I L P R E N I G O  TO 23 

2 3  I F ( I C 0 D E e E Q e I A S T R K )  GO TO 2 ( 3  
I NPUT ( K L  1 = SPACE ( i) ,PER I 0I> 1 

LL= 1 

K K t K K + l  
I C O D E = I S H I F T ( I N P U T 4 K K ) )  
I F ( I C O D E . E O e I ~ L A N K ) G O  TO 4 
LL=LL+l  
IF( ICODE.EQ.PRIOD5)GO T O  3 
IF(LLeLT.6) GO TO 24 

2 4  I N P U T ( K L ) = I P A C K ( I N P ~ T O ,  ~ " A C E ( ~ M L L , I N P U T I K K ) ) )  

KKSKK-1 
GO TO 1 5  

3 .  I N P U T ( K L I = I P A C K ( I N P U T ( K L I P  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
4 LL=LL+1 

5 I N P U T ( K L ) = I  C K ( I N P U T ( K L ) r  
DO 5 LLL=LL 

GO TO 1 5  

2 5  K L = K L + l  
C S I N G L E  CHARACTER OPERATOR 

I N P U T ( K L ) = I N P U T ( K K )  
GO T O  1 5  

3 c  K L = K L + l  
C F i R S T  CHARACTER OF OPERATOR WITH PgERIOd AS SECO D CHARACTER 

IF(ISHIFT(INPUT(KK+l)).NE.PRI0~5)G~~ TO 3 1  
I N P U T ( K L ) = I P A C K ( S P A C E ( O , I N P U T [ K K ) ) ~ P R I O D 5 1  
K K = K K + l  

GO T O  1 5  

GO TO 1 5  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
3 5  K L = K L + l  

3 1  I N P U T ( K L ) = I N P U l ( K K )  

C F I R S T  ASTERISK OF P O S S I B L E  A S T E R I S K  P A I R  

I F ( I S H I F T ( I N P U T ( K K + l ) ) r N E I I A S T R K ) G O  T O  3 6  
K K = K K + l  
I N P U T ( K L ) = I E X P N T  

GO TO 15 
3 6  I N P U T ( K L 1 - A S T R S K  

GO TO 1 5  
C GSRST LETTER OF AN I D E N T S F I E R  

40 K L = K L + €  
I N P U T ( K L ) = O  
LL=O 

KK=KK+1  
LL=LL+l  

41  INPUT(KL)= IPACK( INPUT(KL) ,  
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4 2  
4 3  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

c zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
45 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
46 

47 

48 

49 

50 

5 1  

5 2  

5 3  

54 

5 5  

56 

69 

57 
58 

59 

6 0  

6 1  

62 

IF(LLoGT.5) GO T O  43 
I F ( ~ I G I T ( ~ N P U T ( K K ) ) O O H . L E T T E R ( I S H I F T ( I S H I F T ~ I N P U T ~ K K ~ ~ ~ ~ G O  T O  41 
DO 42 LLL=LL,S 
INPUT(KL)=IPACK(INPUT(KL) ,  SPACE(6*LLL,BLANK) zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA1 
KK=KK-1 
GO zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAT O  1 5  
FIRST 9 IG IT  OF NUMBER 
KL=KL+l 
INPUT(KL)=NUMBER 
KL=KL+l 
TEMP=U.O 

IF(INPUT(KKIoNEeZkR0) GO TO 47 
AUDEND=O* 0 
GO Ti) 56 

IF(INPUT(KK).NE.ONE) GO TO 48 
ADUEND = l e 0  
GO T O  56 
IF(INPUT(KK) oNEeTWO) GO TO 49 
ADDEND=2.0 
GO T O  56 . 

IF(INPJT(KK)oNEoTHREE) GO TO 50 
ADGEN3 = 3.0 

GO TO 56 
IF(INPUT(KK).ME. FOUR) GO TO 5 1  

ADDEND=4.0 
GO TO 56 
IF(INPUT(KK)eNE.FIVE) GO TO 5 2  

ALDEND=5o0 
GO T O  56 

ADDEND= 6.0 
GO T O  56 

IF(INPUT(KK)oNE.SIX) GO TO 55 

IFLINPUT(KKI.NE.SEVEN) GO T O  54 
ADDEND= 7.0 

GO T O  56 
IF(INPUT(KK)eNE.EIGHT) GO T O  55 
ADDEND= 8.0 

IF(INPUT(KK).NEoNINEl GO T O  69 
ADDENDz9.0 
TEMP=ADDEND+lOoO+TEMP 
KK=KK+l 
GO T O  46 

GO T O  56 

IF(INPUT(KK)oEQ.PERIODI GO TO 57 
GO T O  68 
SCALE = 1.0 

SCALE=O.l*SCALE 

IF(INPUT(KKIeNEoLER0) GO TO 59 
KK=KK+l 

GO T O  58 

TEMP = SC A L E  + T EMP 
IF(INPUT(KK)oNEoONE) GO TO 60 

GO T O  58 
IF(INPUT(KK1 .NE. TWO) GO TO 6 1  
TEMP= 2eG*SCALE+TEMP 

GO T O  58 
IF( INPUT[KK)oN~eTHREE) GO T O  62 
TEMP=3*0*SCALE +TEMP 

GO T O  58 
IF( INPJT(KK)eNE. FOUR) GO TO 63 

TEMP=4.3 *SCALE zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAC TEMP 
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GO TO 58 

6 3  I F ( I N P U T ( K K ) a N E . F I V E )  GO 1 3  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA64 
TEMP=5 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAeU *SCALE + TEMP zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

GO T O  5 8  
6 4  I F ( I N P U T ( K K ) e N E o S I X )  GO TO 6 5  

TtMP=6.0 *SCALE + TkMP 
GO TO 58 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

6 5  I F ( I N P U T ( K K ) e N E . S E V t N )  GO TO 66 
TEKP=7eG * S C A L t  -+ T t M P  

GO TO 58 
6 6  I F ( I N P U T ( K K ) e N E a  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAk I G t i T )  GO zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBATO 67 

TEMP ~ 8 . 0  +SCALE + T E M P  
GO TO 5 8  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

6 7  I F 1 I N P U T ( K K ) . N k e  N I N E )  GO T O  6 8  
T E M P = 9 e 0  +SCALE 4 TEMP 

GO TO 5 8  
6 8  KK=KK-1  

C A L L  JUSTOT~ lEMP9I I \ IPUT(KL) r INPUI (K l .+ l ) )  
K L = K L + l  
GO T O  1 5  

200  I N P U  r ( K L ) = S T R G H D  

2 0 1  K L = K L + l  

2 0 2  K K = K K + l  

LL=a 

I N P U T ( K L ) = O  

I F ( I S H I F T ( I N P U I ( K K ) ) o t O . I A S T H K )  b0 TO 204 
I N P U T ( K L ) = I P A C K ( I N P U l ~ K ~ ) 9 ~ P A ~ ~ ( 6 , L L , I N P U T ( K K ~ ~ ~  

T.5) GO TO 203 

GO TO 202 

GO TO 1 5  
2 0 3  KK=KK--1 

2 0 4  K K = K K + l  

8 0  K L = K L + 1  

8 1  

GO TO 4 

END 
S I B F T C  OIGITX 

INTEGER ZERO 
DATA ZERO,ONE,T 

8 
RETURN 
END 

SIBFTC LETTRX 
L O G I C A L  F U N C T I O  L E T T E R ( L E T )  

~ 9 ~ ~ ~ 9 T 9 ~ 9 ~ $ ~ ~ X $ ~ $ ~  

DATA A ~ B ~ C P D ~ E ~ F ~ G ~  
~ ~ H O A ~ ~ H ~ ~ , ~ H O C ~ ~ H O U ~ ~ ~ O E ~ ~ H O F , ~ H O G I ~ I ~ O H  ZHUI ~ 2 ~ ~ ~ ~ 2 ~ ~ K /  

12HOL92HOM92HON 2 H 0 0 9 2 H O P 9 2 H O Q 9 2 H O R 9 2 ~ ~ 0 ~ ~ 2 H ~ I ~ 2 H ~ u ~ ~  
22HOX92HOY 9 2 H O L /  

DATA L 9 M ~ N 9 0 9 ~ 9 Q 9 ~ , ~  

I F ( L E T e t W e A e O K e + L t T  bR.LEI .tQ.t.(JI<. 



55 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
1 L t T o E U o F ~ O H o L ~ T o ~ O . G . O H . L E T . E O . H . O R I L E T o E ~ o ~ ~ ~ R o L E T ~ ~ ~ ~ I ~ ~ ~ ~ L ~ ~ o ~ ~ ~ J ~ ~ t ~ o L ~ I  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
~ . E W ~ K ~ O K . L E T . E O . L . O H . L E T , E W . M . O H . L E T O ~ ~ ~ ~ ~ O ~ ~ L ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ ~ I ~ ~ W .  
~ P ~ O R . L E T ~ E U . W . O H . L E T O ~ ~ ~ ~ . ~ R ~ L E T . E Q ~ ~ ~ O R ~ L E ~ O E ~ O ~  *OROLEI.~W.L.O~, 
~ L E T . E O . V . O K ~ L E T O ~ Q ~ ~ ~ ~ ~ ~ ~ L ~ T ~ E ~ ~ X O ~ F ~ ~ L E I ~ ~ ~ C Y ~ ~ K ~ L ~ I ~ ~ ~ ~ ~ )  
5 GO T O  8 

LETTCR = .FALSE. 
RLTUHN 

KETURN 
END zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA8 L L T T E R = T li U t e 

B I d M A P  SPACkX 7 

* S P A C E ( B I T S T O R I G H T ~ W O R D T O ~ E ~ H I F T E ~ }  
SPACE C L A *  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA3 9 4  , FETCt '  S H I F T I N G  N i l M B t H  

ENTRY SPACE 

STA zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA*+3 
C A L *  494 LJOHE 5 9 1 - 3 5  I N  A C p b I I b  P 9 1 - 3 5  
ANA MASK AND NOKU zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAb 9 1 - 3 . ~  w I 1 I - i  A C  P 9 1 - 3 5  
ARS ** S H I F T  RIGHT THL AC 
SL w ;1 M 
C L A  MM 
T R A  1 9 4  

MM zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBABSS 1 
MASK OCT 7 7 u 3 b u o u o o u o  2 - 7  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA.>9 1 0 - 0  IS 

END 
B I B M A P  I P K  

ENTRY I PACK 
i k  TAKES THE L O G I C A L  OR OF TWO ALPHANUMERIC WOt30,S 
EPACK C A L *  394 

ORA* 494 
. SLW M M 

C L A  MM 
T R A  194 

END 

ENTRY JUSTOT 

MM BSS 1 

B I BMAP JUST 

* J U S T O T ( F L I A ~ B ) = T H E  ABSOLUTE VALUE OF FL 
* I S  TRANSFORMED TO 2 BCD \.ORDb AND 
* STORED I N  A AND B 
JUSTOT S X A  B A C K 9 1  

C L A *  3 9 4  
SSP 
X C A  
PXA 090 
A X T  6 9 1  

A L S  3 
LGL 3 
T I X  * - 2 9 1 9 1  

STO* 494 
PXA O t O  
A X T  6 9 1  

A L S  3 
A L S  3 
T I X  * - 2 r l 9 1  
S TO+ 5 9 4  

T R A  1 9 4  

END 

t3ACK A X T  * * 9 l  

B I B M A P  I S H F T  
* S H I F T S  THE ARGUMENT R I G H T  ONE CHARACTER AND RETURNS VALUE 

ENTRY ISHI FT 
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I S H I F T  C A L *  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA3 9 4  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

AHS 6 
TRA 1 9 4  
END zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

16 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAI UMAP U N S A n t X  
ENTKY i lNSAME 

JNSAV:  C A L *  3 9 4  
ERA* 4 9 4  
TLE zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA1 9 4  
C L A  = 1  
THA 194 
END 

LNTRY FSTSYM 

ANA MASK1 
ORA M A S K 2  
SLW zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBArtw 
C L A  T t M P  
THA 1 9 4  . 

MASK1 OCT 77b0~ lJ0u00u0  
M A S K 2  OCT Ud606b6U6060 
TEMP USS 1 

SENTRY THANSL 
BDATA 

B I B M A P  FSTSYX 

FSTSYM C A L *  3 9 4  

END 

.ENTRY o B G I N e e N E W e F I U O ~  
FIBO= e 8 e F H M L e k e 9  

F I U O e ( K - 1 ) e + b I t 3 O  
oOUTee(  0 *  F I U O (  

* 0 E N D e e E X I J e  
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Appendix zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA4 .  The zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAEULER Polish Interpreter Listing 





S C H ~ E I D E R I V I  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA. -  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAG01/68/799 
EULER - zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAEFhi SOURCE zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAs ATEMENT - I F N W  - 

________-- I_-. - --- 
IFiICCDE zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA.EQo THEN) GO TO 10 
IFlICODE - - o E Q o  LIST) GO TO zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA500 

IF(1CCDE * E O *  TAIL) GO TO 510 
IFlICCDE .€Ql COTCAT) 30 T O  505.- 

IF(-ICmE -.ET0- LE-&GT%) GO TO 515 

59 

D A T E  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA31 / !~?  

IF(1CCDE o f Q -  LSTEND) GO TO 615 
I F ( I C m E  .EQr SS3sCPI GO TO 650 

IF4ICCDE e E G *  TRMNAT) GO TO 7CJ5 

IF(1CODE oE6;,-fARIEL) GO TO 715 

IF(ICG0E . E Q o  U N O F N b )  GO TO 727--- 
IF(1CUDE e E Q o  NEW) GO TO 730 
I F - I - m E  --.EQ.- LABCEFS-70 TO-731 

IF(1CCDE o E O e  BEGIN1 GO TO 700 

IF(IC0OE *EO. SEMCLN) GO TO 710 _.-- ~ _ _  --. I -- 

IF(1CCDE o E Q o  NUMeEK) GO TO 725 
. ._. __ - -  - 

- . _- --- 

- . __ - - _I_ ._ I____ - IF(1CCL)E e E Q .  LABEL) GO TO 735 
IFtICCDE o E C m  A S S I N E )  G O T O  740 

- -- - - __ . -  

- - - _ _  - IF( ICCDE .EQ. FSTANO) GO TO 785 
IFlICCDE o E Q e  PLUS) GO TO 10 

. I -___________.  - - I _. I IF(1CCDE .EQ, LESSTN) GC TO 797 
IFlICCDE m E Q o  G R A T E Q )  GO TO 798 

- - _ _ _ _ _ _ _ _ _ _ _ _ - ~ ~  IFtICCDE *EQo L E L S E Q )  GO TO 7-99 ___ __ __ . . . 

1FfICCUE ,EQ. ADO) GO TO 805 

IF(1CODE o E Q m  FLTOIV) GO T -- __- 
IFlICCDE .EC. INTOIVI GO T O  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA8 

_- IF( ICODE .EQ. M&D_kLOl _GO 
IFlICCiDE r E Q e  EXPNNTI GO 

IF(1CQDE s E Q e  LOGCAL) GO TO 820 
IFtICCDE o E Q .  PROCHD) GO TO 84@ 

5 IF( ICCDE eEQ.-ISV 0 867 - .- 

IF(1CCDE o E Q .  ISRFRN) GO TO 868 
4 IFtICODE ,EQe FORMAL) GO TO 870 --- 

IF( ICCDE . E Q e  3 U t 4 P )  GO TO 930 



SCHNEI  DER zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA9 V I  G O  1/68 /799 
EULER - EFN SOURCE S ENT - zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAI F ( U ( S I  - zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

.____-I.--_ - ._ - .- -. 
IF(ICCUE .EQ. TOI~TU GO TO 9 3 s  
I f 1  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAICGDE .EQ. TOABSL)  GC TO 939 
W R I T E ( 6 , 9 9 3 1 )  

S T C P  



SCHNEIDER,VI  . . _ _  
EU L zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAER- STATEMENT - IFNW - 

61 

DATE zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAQ1/0?  

501  IVREL=NUCELL(CUMMY) ___ - ... __ 

_ - - - L L C E L L = I  VRBL ____ .-. - 

I F ( I N C E X . E Q . 1 )  GO TO 5 0 3  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
DC 592 I TEMP=2, INDEX 

- _. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAI -__--__ LRCELL=NUCELL(DUMPY)  
C P L L  SETIhlD(4,-1rLRCELL,LLCELL) 

__. - _  --- C 

C RETURNED T O  THE TCP OF THE OPRND STACK, THE TWO CONCATEIYATED L I S T S  
C 
C 
C EPPTY LISTS. 

C CONCATE~ATION OF TGO LISTSCX-LINE( TO THE-RESULTIMG L I S T  is 

-A37 C O F T E T S Y  THE 2 0 P ~ R U U - T - I N E ~ - -  THE-COPY - R O U T I h E - b A S  P R O V I S I O N S  
FOR L I S T S  THAT HAVE ZERO REFERE E __ COUNT - .-_ (I.E.TNO . - NAME) - AND FOR 

_ _  __ _- - - -- 

- - __ - - ___ - 

C F I R S T  C E L L 9  AND PUTS L I N K  TO THAT C E L L  ON TOP OF OPERAND LI 'ST 
C 

- 510 I T E M P s L N K R ( O P R N D ( 1 K ) )  -. _ . ________. __ 
I F ( I O P R N D ( I K ) e N E e 3 )  GO T O  8510 

._ _ _ _ - _ _ _ _ ~ -  __ _ _ _  .- _. -_ 
C FI.NCS THE LENGTH zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA0% THE --WHOSE POINTER I S  AN OPERAND, 
C 

515 I F (  IOPRND( I K L N E * 3 )  GO TO 8510 
- . ___-_ ___ TEMP=O,O _ _ _  - _ _  _______ 

1 CIPRNC(II<1FL - __--_ - _  -_ - .  - - .______I . . -. 

I T E R P = L N K R ( O P R N D ( I K ) )  

516 I F ( I T E C P - L E . 0 )  GO TO 517 
TEMPZTEMP + 1, zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA0 

ITEYP=LNKRI INkALT( ITEMPI )  , 

____.___ - -- __ __ -- 6 GC T O  516 
517 QPRNCt I K  )=TEMP 

__ 5 GO u - -- - 

4 C A PLACE IS RESERVED ON THE OPERAND twi FOR A LINK. 
C zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
8- 



SCHNEI zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAC E R  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA8 V I  D A T E  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAq l / t  
EULER zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA- f F N  SflURCE STATE E N ?  - I F N ( S 1  - 

--- . - - - - - - __-_ __ _- 
I U P Q N D t  1tC.t = zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA3 
CALL S T i ~ C ! R I L 1 [ S T ~ , C r O P _ 9 N D !  l i 0  1 
GC TQ 10 

C 

C i E R  L I N K  T C - A  L I S T -  -- THAT CONTAINS - 
C T F I S  I P i F O Y M A T I O N e  THE I K  COUNT TS NOT zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAO E C 9 E M E N T E C  A 4 q 0  THE 
C SUBLI  S T  f < E F E R E N C E  CCUNTERS ARE INCREMENTED. 
C 

C TYPED i hFOHMATION ON TOP E E O P E R A N D  L I S T  I S  PEPLACEI: B Y  

6 0 5  I K K = I O P R N D (  I K  1 
I JJ=LRKY(OPRKC 

c CELL OF AN ID-DATU Qf -I. -- 
c LISTEhD AND PARAME IS LOCAL 



.. . .- . . . . . __. - . . . . . . -. . .~ . zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA63 

S C H N E I C E R t V I  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA0 0 1 / 6 8 / 7 9 9  DATE zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA01/09 
EULER - EFN SOURCE STAfEMENT - I F Y ( S )  - 

_ _  ------ .------ ------.---. -.-- - -- - -  
CALL S E T D I Y ( 3 , 1 , O , I l ) ~ T L S (  I T T - 1 )  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAI zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
r = o P R r w  IK -1 )  
I K = I K - 2 -  
t! L I< IVU M= B L  K NUM+ 1 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

S TOR A J  1 6 LK NU? 1 = T + 1 
GO TO 10 

I I-- -.---I-- -.I- - - - . _l_l_._ 
C 
C THE RIGPT BRACKET ACTS A S  AN OPERATOR SC THAT THE TGPMOST OPEHANO 
C S P E C I F I E S  THE C E L L  CIF A L I S T  WHOSE L I N K  I S  THE I E X T  UPERAMD 
C DCWR*  P REFERENCE ( L I N K )  I S  RETURNED TO THE NEXT OPERAND UOWbJt 
C P R E S E R V E S T H E  BLOCKNUMBER FOUND BY VARIBL,  
C 

I _-__----- 
INDEX=OPRND( I K T -  - 

6 5 0  
- I K =  1K-1 _ - -  

I F (  I N ~ E X . L E . - O l  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAGO- T O  10 
L I N K = L N K K ( I N H A L T ( l + L N K R ( O P R N D ( I K ) ) ) )  

d 5 T -  - I F ( L I N K * L T . 2 )  G O - T O  86-50 
- .. 

- - I  
GO TO 10 t 

-4 
700 BLKNUP = BLKNUM + 1 : 

1 
i 

C ! '  

652 C A L L  S € T D I R ( - l , - l t L I N K , O P R N O (  - - __ .- .. I K 1 )  .- - _-__ 

i 
--. -_--- --- _. - ---_ C 

- 1  __ STORAJ (BLKNUF! -. 1 = T + l  .- - - . - -  - - -  - - -. . .. . . 

C FOR L I S T S  TO RETURN TO LAVS. THE'-BLOCKNUMBER I -S 'DECREM€Nl€D,  

~ 

GO TO 10 
_____ C T H I S  __ _. IS __  TPE BLOCK -__ END ROUTINE. - _ _  I T S  MAIN_-F-EATURE IS A SEARCH 

! 
I 
i '  --.-- .--.- C AND, I F  ESUAL TO ZERO, THE PROGRAM TERMINAT-€So 

705 I NDEX = STORA J ( BLKNUM 1 . .-. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA.__I.._-__- .-. ~ .. 

I F ( T X T X D E X )  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA'GOTOl'eT' 
. - . . - 7 0  6_ ____ LLNK=LhKR! j_DN.T.LS! 3*T-)) .. . ... . __ _ _  

I F ( I C ( I D N T L S ( 3 * T - l  ))oNE.3.0H.LLNK~;CE10)G0 TO 708 

.- . __ .. . . . . . . . 

t IF (T .GEoINDEX)  GO TO 706 
709 BLKFIUP = BLKNUM - 1 I 

--_I IF(BLKNUM - -. oGTo 0) ... GO TO ~ ... 10 
STOP 

_ -  - _- I C 
L - - I 

C SEMICCLCN REMOVES THE- T O P M E T '  OPERAND -OF- THE o P E R ~ N D  CI STT 1 
C I F  T H I S  OPERAND I S  A L I N K  TO SOME L I S T  WHOSE F I R S T  CELL HAS i 

C ZERO REFEHEVCE COUNT ERASE I S  CALLEC. 



SCHNEI  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAC E R  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAp \t I zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
E U L F k  

D A T E  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA91 /03  

- __I _-_ ____II --_I I_-...----.---_-- - .  
713 I K  = I K  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAe- I. 

G C  10 1 C  
C 
C I T  I S  A S S U M E D  T H A T  L4RELS AND REFERENCES A R E  STORED I N  THE L Q K R  
C F I E L O S  i F  W0PC)S 4h‘D T k A T  T H E I R  C Y N A M I C  BLOCKNUMBER I S  STOHEO I N  

.JK= I K + 1  I__ . --- 
C A l  L JUST I N ( F R N D  ( IK 1 9 CODE ( J - 1 1 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA9 CODE t I 1 1 



S C H N E I O E R t V I .  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA0 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA0 1 / zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA68-/ 799 
EU LE zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAR - -  - EFN SOURCE STATEMENT - I F N ( S )  - 

I R D E X  = I N D E X  + 1 
737 I F (  ISHIFT( -CO-D-c i  I N D E X )  ) .NE.LABGEF)GO TO 738  

C A L L  S f T D I R ( O i @ L K N U M t  INDEXI, I U M T L S (  I T T )  1 
I. __ -_ . ~ . _ _  738 

GC TO 10 
C 
C THE ASSIGNEE IS A REFERENCE ( T Y P E  S I - -  BECAUSE OF THE UNIFORM 
C C G N V E N T I C k S  OF T R E A T I N G  THE SEQUENCE **.VRBL, NAPE**'* APJO THE 
C 
C REFERENCE P O I N T E R S *  THE L I N K L E F T  F I E L D  OF THE A S S I G N E E  OPERAND 

- ____ _ -  -.- 

- 
RESULT CF U S I N G  R S B S Z P - O N  A L I S T  FOR s U B S C R I P T f N G  BOTH A S  

- 

-- 
C I S zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAI T S D Y NAM I C 8 L CC K NUM f3 E R t &NDTHE---L I NK R I G t i r F T R C P - U T Q X  TO THE 

I C N T L S  G9 L I S T  C E L L  THAT PRECEDES I T S  DATUM I N  COPPUTER ~ E M O 9 Y ~  
~. 

C 
- zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAc IF THE ASSIGNE~PERAND-IS-A--REFERENCE -OCA zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAiABEL 

C F I E L D  ALSG C O N T A I N S  THE DYNAMIC DLOCKNUMB€Se -?N--T-P-lS C A S E ?  TH 
C A s s I G N M E NTSTATEME~~~TWI-LCNO T B E E X  ECU T E o I F T H E A s s I GNFE i s  

____ 

C B l O C K  GLOBAL T O  Tk!E BLOCK OF THE A S S I G N E D ,  - 
C 

. _._ - - . - - - 740 - I F ( I O P R N D ( 1 K - 1 )  __ - - ___ oNEo _..- ___ 5 )  GO TO 8730 
I N D E X  = I O P R N C i I K )  

- - _ _ - -  LRNK 5 L N K R ( 0 P R N D f  __ - I K  - 1 )  - - 

L I N K  = L N K R ( O P R N D ( 1 K -  I f )  
I F ( 1 N G E X  o E Q e  5 e C R o  I N D E X  o E Q m  2)  G O  TO 745 

I F ( I N D E X m N E e 3 ~ 0 R e L R N K , L E , O )  GO TO 741 

c T H I S  IS THE_WSiIEGUT-._ROUTINE,_ THE TOP_ OATuM ON-THE. OPRUD_.S 
C W R I T T E N  OUT, AND T H I S  DATU IS  L E F T  UNTOUCHED ON THE 0 
C 

755 W R I T E  (61 774) 
- 1 TT=Q - __ _ _ . _ . _  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA6 

I T E W P = I O P R N D (  IK j - - -  
- -  5 ___ I F ( I T E M P e N E o 3 ) - 6 0  TO 761-- __ _ __ _. .. - __. ._ 

C 7 6 1 7 3 - T H E  L A B E L  CORRESPONDING TO A N O N - L I S  
. -- IF(LNKR(OPRND(IK)),GT,D) GO TO 7 5 6  

C ~ l \ i  E M P T Y  LIST HAVING ZERO LINK IN O[IKI IS T R E A T E G  S E P A R A T E  



_._ __ zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAC D E S C E h T  I N T O  4 S U E L I S T  - - - - _ _  
L S T R T i J  ( L S T C N T  ) = L L N K  

.. ... 

_ -  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAGO zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAT.C 757- __ . 

- c  P R I N T O U T  O F - A  DATU C H A R A C T E R S  NOT S E P A R A T E D  BY COMMAS zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAH E R E ,  



- . . . 

T H I S  ROUTIidE CHECKS TOPMOST OPERAND zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAFOR TRUTH OK FALSETY. __ __ ___- C 
C I F  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAFALSE,  S K I P S  TCSCNAND+l ,  I F  TRUE, DELETES OPEEANB- zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

AND PROCECES TO EVALUATE SECOND OPERANO, 
-__--  - -- _ _  _ _  - . 

C 
C 

__-_________I__---- - - - - 

IK=TK-l zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

84 1 I = 1+1 
ICOOE=ISHIFT(COOE( I) 1 

IF4  ICODEaEQa PRC TO 8 4 2  
IF( ICODEaEQ- .__- INDEX=IN  .- - -_ 

GO TO 841 
042 I F (  INDEX~LE,O)- GO TO 10 

INDEX = INDEX-1 
GO TO 841 

- - zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA-I 

C 

C THE O R D I ~ A R ~  END ROU IN€.  
C A L S O  OESTROYS PARAIioETER LIST zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAOF THE P R O C E D U R E I F -  

C PROVIDES ARETURN JU 

865 I = ~ ~ M P B K ~ J M P R T ~ )  
J M P R T N  = J_HPRTN - 1 ___-- ____ zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA6 

GO TO 705 
-_____ - 5 C 705  IS WHERE THE END R O U J  

C 
4 c I N I T I A T E S  PROCEDURE CALLS HAVING NO P A R A  ETERS AND FETCHES D 

C OF NON-PRGCEDURE NAMES INTO O P ~ ~ D ~  I K  1 e 



- zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA68 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

IST  HAS BEE:J 



. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

69 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

GO zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBATO 873 
C 



D A T E  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA71: zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
-_ zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

C 

STOP __ . 

8511 



. . . . . . . . .  __ __. .............. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
S C H N E I C E R I W I  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

EULl?:R 

__-_I- -- - _  _-__ I___--- - - zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
1Efi. 1 

9 9 3 0  FGRPAT(37HNO LABEL SUPPLIED TO J U  P I N S T R U C T  
9 9 3  1 F O R P A T ( 3 7 % I x E G A L  C O  hb OR  OPERA^^^ T E  
9510 FORMAT(33HLIST O P E R A T I O  S T  OPERAIJD) 
9 t r i i  FUQMbT(2OHSUFF I X  OF E 

- .  

..... ~ - .... _- . - . - . -. - . . . . .  .. .-__ ..... __ 

___ .. - . . . .  .- _. - _  .. ...... . . . . . . .  

... - __ - - ... . . .  ._ ... 

I 

. ...... ....................... .. . . .  - . .  - ......... zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA6 -  ___ 

.- . . . . .  ....... . . .  __ . . . . .  . 



C 
C zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAT H I S  S U B R C U T I N E  I h I T I A L I Z E S  THE STRUCTURE OF THE zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAC I P E N S I O U E r i  

A R R A Y  M - I E T U  A ~ L I S T  OF AQAILABCE SPACE WITH ~ X E A D E R  C E L L  A V S L .  

2 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
-. - - . - . - . . ..... .- . __ ... - -. ................. 

......... . ._ . . .... ._ .... 

-- .. - -  ....... - - .... . - . . . . .  ..... 

- -  .. . . -. .- -. ...... - -- . . .  _ .. .... 



73 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
SCHNEIDERIVI zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA.- 00 1 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA/_68 / zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA799  

EsasEx - EFR SOURCE STATEMENT 
_ _  __------ - 

SUBROUT I N E  - __ ERASE - - ( . L I N K  _. 1 
C 

DATE - IFN(SI  - 

C RETURNS f I R S T  CELL OF L I S T  TO LAVS IF R E F E R E N C E  CCUNT I S  Z E R O  
C-- o K - O ~ . - - G ~ ~ ~ ~ ~ ~ ~ D ~ C ~ E M E N T S  REFERENCE COUNT OF THE FIRST CELL. 

01/03 

.. ........... -. . . .. . .__ . . . . . . .  - . . .  - zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

2 __ . . . - .......... . -. 

___ ___ .... __ ....... - .... - .. ..... . . . . . . .  -. -. ..... 

... ... ............ - - . . . .  ... ’ ._ _-- - 



S C H N E W R L V I  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA_ _  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA001/68/792_ .__ zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
I B T M X  - E F N  SOURCE STATEMENT - IFN(S) - 

D A T E  91, 

--- 
C 
C I F  I F L b G = - l r  F I N D S  THE LAST CELL OF A NONEMPTY L I S T  MHOS€ FI ;ZST zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
c -- C $ ~ L  HKs--A;I=DRESS. GIVEN-BY-. LCNK-. I F  I F L - A G = + ~  I RETURNS THE L A S T  L I  S T  
C CELL NOT KEFERENCEC BY ANOTHER L I S T  NAME. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
c- -- -.-II_. .. 

_ _ _  LLNK=LhKY(INHALT(LLNN))  
I F  i t F L A a 2 . O O i 9  3066;-2001 

. __ .... -_ .... - . __ .- .- 

--- 

. . . .  L . . .  - ...... ......... . . . . . .  

__ ~ ~ ._______ ... ..... - ........ - . . . . .  __ .- . . . .  

- -- - - ~ . - - - - - - . - _ I  

___-___ . ................ ...~ ................................. 

. - ................. - ...... __. ........... ................... 



75 

DATE zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA9 B / O ?  S C H N E I D E R V U I  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA_ _ _  _- zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAooi/6a/799 
NUCELX - EFN SOURCE STATEMENT - 

- FUI \ ICT IOh  h U C E L L ( X 1  
- - - - zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAc - -  - -  

- C  GETS A NEW C E L L  FROM L A V S t  IF THAT C E L L  HAS 
C R E T U R N 3  ?%i€ - -SmIST- - fO-LAVS B Y -  C A L L I N G  ERASE, zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
e 

-. --....--- -- ._- NUCELL = M 
RETURh 

- 901 F O R V A T ( l H 1 , 6 X v 3 3 H L A V S  EXHAUSTED-NUCELL T E K M I N A T I O N )  - .- . .  
. . _ _ _ _ _ _ _ _ r _ _ _ _  _____- - -  - - - 

EhD 



SCHNEI zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAD E R v V  I zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA00 1 / zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA6 81  7 9 9  
COPYX - zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAEFN- SOURCE-STATEMENT - IFNISI  - 

_- _--- _- -- - . -_ - _ _  __-_ - --- 

OATE Q L ,  

C 
C 
C 

SUBSOUTINE CUPY(LLNK,PTOP9MBOT) - _  -. - _ .. _ _  

PUTS zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAZ E R O  IWTO L N K L  OF ALL CELLS. OF C O P I E D  L I S T .  I F  LLNK = zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA0 9  

-AN EMPT-Y CELL - ~ ~ R E T U R N E D . - I F  L N K L  I I N H A L T ( L L N K  1 ) = 0 * 9 E T U R Y S  

MTOP = L N K K ( A V S L )  
KTOP = L L h K  
I F ( K T C P o E Q . 3 )  GO T U  2 0 5 1  

I F ( L Y K L I I N H . A L T ( K T O P ) ) , G T . Q )  GO TO 205C 

- - -I._ - - - - - - -  MTOP = KTCP 

RETURh 
VBCT=XBTM(MTOPq-1) 

__ . - - - . . - - - - 
2050 I K T O P  = I N H A L T ( K T 0 P )  

I K T C P l  = I N H A L T ( K T O P + l )  ___ ... 
A T U P  = NUCE-LC WUM-PY) 
CALL SET I ND ( IC I K T O P  9 0 ,  LNKR ( A V S L  ) J TOP ) 
C A L L  STY I ND I K T O P l  p JTOP+ 1 )  

-_ __ - - _ _  . . . __ - - 
- __ - . -- - I F ( I D ( I K T O P ~ , N E , 3 , 0 R , L N K R ( f K T O P 1 ) . L E , C )  G O  TO 2052 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

c A LCS;EimO Iz-1,~ N KLI IXTCP 1 + i , - 1, I K TO P I 
2052 MDOT = LNKRf I K T C P )  - _____-___ 

I F f P B CT L E  e 6 )--gC T O - 2 0 5  4 



SCHNEI  D E Q  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA9 V I  - -  0 0 1 / 6 8 / 7 9 9  
OUTOlJX - E F h  SOURCE S T A T E M E N T  - zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAI F f d ( 2 )  - 

---___--. GC TO zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA2393 
2074 I F (  I T Y P E 0 W E . 6 ) - ~ T C  2075 

I C N T N T = I P R O C D  
GG TO 

299<---- -- 

2075 I F ( I T Y P E . r 4 E o 7 1  GO TG 2076 
~ A C C S ~ ~ D I R I C O ~ T T N T I I C ~ J T ~ V T )  

- zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA2030 GO TO ~401t402t403~4~4t405~4~6t4O7t4Cer4Q9,410t4ll~4l2~tL~CAT 
3000 GO T G  ( 5 3 1  + S O 2 9 5 3 3 9  5O495059 506t 5 0 7 t ~ ~ K t 5 0 9 t S l C t 5 1 1  t 5 1 2 )  (LOCAT--- 
40 1 ____ W R I T E l b t 3 4 0 1 )  .._ - ICNT-RT 

_ - 402 - - - - - W R I T E ( 6 r  __  - - . 3402)  I C N T k T  

40 3 W R I T E ( b t 3 4 0 3 )  I C N T N T  

R E T U R N  

RETURN 

R E T U R N  
- __ ._ - ._ 



SCHNEI zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBADER,\( I zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA00 1/_68/-799 
OUTCILX - EFIY SOURCE STATEMENT - I F N W  - 

- -  - - .. - . I__ - . . __-- ---- 
GC TU 2076  

GC T Q  2076  

G C  TU 2 Q 7 6  

502 W R I T E ( 6 y 3 5 0 2 ) C O N T N T  

503 k R I T E ( 6 p 3 5 0 3 ) C O N T N T  

D A T t  7 1 / :  

505  W R I  T E ( 6 9  3 5 0 5 ) C O N T N T  

506 W K I  T E ( 6 9 3 5 0 6 ) C O N T N T  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAGO TCI 2376 

GC TO 2 3 7 6  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
509 - W R I T E - ( 6 9  3 5 0 9 1 - C O N T N T  

G C  T O  2076 



8 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAADDRESS zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAI S  I N  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAWGRC NAMED C E L L .  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAIF  -1 APPEARS A S  
8 - i i i j f T i i R i M E ~ ~ ~  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA063- CELL, THAT FIELD I S  LEFT UNCHANGED. 

79 

PAGF zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA49 

- - _  _ _  ._ S E T I N D  S T Z  Mlvl 
CLA* 6 9 4  

EULER 
EULER 

STA *+9 EULER 
STA ++15 EULER 

CLA* 31_4 _ _  
T M I  ++5 

E U L f R  
EULER 
E U L E 9  
EULER 
EULER 

S T O  MIU EULER 
---___ - A L S  30 

EULER 
EULER 

. . __ CLA* ___.___ 494 - .._ EULER 
T M I  *+6 EULER 
ANA MASK2 EULER 
ALS 1 5  EULER 

MM 
MASK3 

EULER 
EULER 

._ - - 
CLA* zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA5 9 4  EULER 

- __ ?MI - -. - *+2 . - . _ _  - EULER 
STA ** EULER 
CLP _ _ MM _. _- __ - . . EULER 
ORS t* EULEk  

- -- TRA 1.4  ElJLER 
MM BSS 1 EULER 
MASJ1 OCT 007777777777 ______ EULER 
MASK2 GCT 000000077777 EULER 
M A S K 3 _ K L . - - ~ ~ _ - -  770000077777 -~ - - - - - - - EULER 

END EULER 



. . - . . - - zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA80 

- _ _  - 1 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
ENTRY S T R I N O  

* T H I S  FUNCTION S T R I ~ O ( D A T A . !  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAO R f S l  STQRES- THE VALUE 
* NAMEO B Y  DATUM I N  THE CELL zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAWHOSE AODRESS IS NAMEO 

- - .  

STRIND CLA*  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA494 GET AODRESS OF C E L L ,  
S i A  *+2 - -. _ -  __ .. _ _  _ _  
C L A *  3 7 4  %GET DATUM'S VALUE, 

END . - ... ~ . . . . .  .- ........ .......... . 

... . .  . .  - .. ............... 

............ ___ ........ _____-- ... ... - .... -~ .__.__ . 

. . .  .... .... __ ____ ..... . -. ._ ____.______. ........... 



__ . __ zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
E zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAid zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAT H  Y s zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBATR D I zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAR-C- 

* T H I S  FUNCTION STROIRlDAlUMtC-~LL)  STORES THE VALUE 
* NkMED B Y  DATUH IN THE WURO NAMED BY CALL, DATUM 
* CAN - - B E  - _---I_- EITHER FIXED - OR FLOATING P O L N T  AND THE FUXCJ-I_CLC! 
* NESTED. 

CAN 

STRDIR CLA*  3 9 4  
S TO*  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA494 

G E T  DATUM'S VALUE E L L E 9  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
E b L E R  
E b L E R  
E U L E R  



82 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA. - _. 

. _ _  - ---+--- _ _  . -__  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
EULER 

* T H I S  FUNCTION-SETDI  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAE U & l N - . I  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA0. F I EL 0 EULER 
* LNKL IN LNKL F I E L D  D NAMED CELL.  EULER 

* L E F T  UNCHANGED. E U L E R  

ENTRY S E T D I R  

.---- * I F  _. -1  APPEARS ---_I I_- A S  - - ANY PARAMETER BUT CELL. THAT f I E L D  IS -____ -EU 

SETDIK. S T Z  .MM - - - __ -______ .~ - f U L E R  
CLA+ zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA3 0 4  
T M I  *+5  TEST FOR NEGATIVE 
ALS 30 

CAL MASK 1 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA.--s_To--. MM - STORE S H I F T E D  I D _  F I E L D  EULER 

T M I  * + b  TEST FOR N F ~ G A T I V E  
ANA  MASK^ BLOCK OUT OTHER F I E L D S  

____ ALS 1 5  _- - __ -- S H I F T  I N T O  P O S I T I O N  _ .  

ORS MM AND SORE I N  T E ~ ~ O R A ~ Y  
MASK OUT L N ~ L  - 

CLA MM 
- 



63 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
PAGE 60 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

... - ~ ~ 

ENTRY zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBACON-T 
ENTRY IN I -ACV 

* D E L I V E R S  THE C O N T E N T S  O f  T H E ~ ~ W ~ ~ R ~ n H O S E - M A ~ H i N E  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBATDbRESS 
* I S  THE PARAMETER, AND I S  S T O R E D  A S  AN I N T E G E R .  CONT I S  USED zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
8 I N -  F - ~ O A ~ I - Q Z P O I N T -  TO P R E V E N T  TYPE C O N V E R S I O N  AND INHACTFTS- -- 
* U S E D  FOR I N T E G E R  APITHMETIC TO-_FOCjC T H E - S Y S T E M .  

EULER 
EULER 
EULER 
EUCER 
EULER zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
E U L E R  

._._. - _ _ _  
CONT T R A  *+ 1 EULEK 
INHALT CLA* 3 t  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA4 G E T S  ADDRESS S T O R E 0  - - ~ - -  I N  PARAMETER, - -_-EULxR-- 

STA *+ 1 EULER 
CLA ** _ - G E T  T H E  DATA. ._ - EULER 
T R A  1.4 E U L E R  

._ _- EULER 

- __- ___ .-__-- - -1-1 -- 

_ _  - .  E N D  __ -- 



_ _ _ _ ~ _ _  - - zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
ENTRY 10 

* T H I S  PR zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAI M I  T I VE. .FUN(;TLON RFTU!-AS-_AH I NTEGERTHE-I D F I E L O  
* O f  THE CELL NAMED A S  PARAMETER. 

_.---_-- ------ - -.-I- 

EULER 
EULER 
EULEK zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
EULEH 
EULER 
EULER 
EULER 



P A G E  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA7 0  

* zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAT H I S  P R I M I T I V E  FUNCTION R E T U R N S  A S  AN I N T E G E R  THE LNKL 
F I E L D  OFTHE zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAC E L L  NAME~ASAPARAMETEST zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAE U L E S  

EULEP 
EULER 

LlllKL CLA* zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA3 1 4  .___ . . GE T - CE C L  *.-_ 
ANA MASK MASK OUT MANO L N K R  

E ~ J L E K  
EULER 
EULER 
EULER 

MASK GCT 307777700000 5 - 7 ' 5  FOLLOWED B Y  5-9'5 __ - EULEK -- __ - - 
E ND- EULER 

.- _ _ _ ____ -. -- - - - -~ 



. -.__ __ - zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
ENTRY LNKR 

* T H I S  P R I M I T I V E _ _ F U ~ C ~ _ I _ Q N _ _ P ~ - E ~ E N T S  A S  AN zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAI N T E - G E R  THE MACHINE 
* ACDRESS CONTAINED zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAI N  THE RIGHT L I N K  F I E L D  OF THE C E L L  NAMED. 

LNKR CLA* zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA3 , 4  _. - _ _  GELCELL. - 
ANA MASK MASK OUT IO AND L N K L  
TRA 1 2  $._ __. _ _  - - __ - - - 

M A S K  GCT 000000077777 70's AND 5-7's. 

P A G E  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA7 4  

EUCE2 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
E U L E 9  

E U L E R  
E U C E  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAR 



PAGE zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA8 3  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
- _______ - . - _ _  

ENTRY zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAM ~ D W  
rP: FETCHES THE M A C H I l Y E _ _ ~ D D R E S S  - zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA_OF _THE__CELL NAMED A S  
* A PARAMETES 

EULER 
EULEK 
E U L E K  

MADOV CLA 
TRA 
END 

3 9 4  - -_ - - - - GET-THE LOCATI -ON OF THE C E L L ,  
1 1 4  

E U L E R  
E U L E R  
E U L E R  



88 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA-__ . 

P A G E  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA8 5  

J U S T I N  S X A  
- 

B A C K 1 1  



- zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
ISHFODOl 

SHIFTS zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBATHE ARGU-MENT RIGHT ONE-CKARACVER A N D  RETURNS VALUE 
ENTRY I S H I F T _ _ _  _ _ _  .- .- - - . zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

3 
3 

._ ARS zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA6 
TRA zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA194  

- __ . ~ - - -  -. - - ................. 

....... ......... . . . . . . . . . . . . . . . . . . . . .  . ~~~ .~ 

. __ . . . . . . . . . .  ...... ~ ............ 

............... .......... - ..... - .  . ~_______ . . .  



90 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
. .  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

9: zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
I Y T R S C  

. - - - . - - __ __ . 
ENTRY INTRSC 
COMPARES TkO ALPHANUMERIC W O R Q S ~ R E T U R N I N G  0 IF THEY MATCH 

- . . . - . -_ - -- - _- __ - - . 

CAL*  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA3,4 E L L = &  
E R A *  414 . .  COMPLEMENT OF LOGICAL WORD zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAELL:+ 

PUT I N  AC E f J C E d  T R A  1 9 4  
END . _ -..- ._ _ E L L O E  



91 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA_________ -- - -- - . .  - 

SCHNEI  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBADER, V I  0 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA0 1 /6_8L7F% - - ISLDR DATE 3 1 / 0 3 / 6 8  

_--_- -. _. - __ _- _- - . 
----------I 

oF608F 33621  EVEN 33633 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA,DE)DFL 33654 e 

.PEX 3366C ,FEXP 33661 . =Mae- 33657 e 

30, F10.S 33715 ,FIOS. 33715 eFSELe 3407C .F ILR,  34074 * e 

.sEE6- 34276 * ,BIN 34277 * eFCT 34309  e 

_ _  . F I L L *  -34113 eFCLS 34115 * aFOPrY 34121 * zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA9 

-I .TAP70 34361- -- . - 
31, f I O H  34366 eFIOHe 34366 eFFILe 35227 e FRTfi .  35255 

-___-__-___.-._I -- 

32, FWAO 35445 . F k R O .  35445 
330 F R O 0  35655 , F R D D e  35655 
340 bN05 35703 .UN05, -35703 
35.. UNO-6- 35704 .UN06. 35704 eHUFSZ 35705 
36. FLOG 35710 ..-- ALOGlO 35729.2 ALOG 35711  _. _ _  ___ - 
37. FXPF 36114 EXP 36114 
38, F X P ~  36235 eXP3e 36235 
39, , I fJCS 36362 . L [ O )  36362 eMONSW zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA36402 eTEOR 36451 e 

eCLOSe __ - 36614 .ATTC. 36627 e SHl  37041  * e 

' eOP4 37152 * ,UP7 37203 * eOP9-2 37217 * 0 

- -. 

_. _ _ _ _ _ _  _- .- - .  

e W R I T e  37317 e 

eFEEIT 37640 .GTIIIX 37661  eRW7 37777 * 0 

.READ, 37272 __ e R E R 1 e  _I_ - 37315 -- - -__. . I_ 



... .. -. ..... ........ ... - ........ -. 

___ .... ......... .___ _ _  .- . 

... -- - _. ... . -. -. - . - . . -. . . . . .  . . . .  ... . .  



93 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
( T H I S  IS  A DEMONSTRATICN PROGRAM THAT HAS B E E 4  TRANSLATED B Y  THE zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAE 

ULER SYNTACTIC TRANSLATOR AND I S  BEING-- -  I N J E R P K ~ E O  - E F T H E -  zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAE U L E K  MODIF  
IED P G L I S H  STRING INTERPRETOR. 1 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA- ~ -  .---- - _-- 

*OUT.  





4 zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA
. . ... . -. . . . . . . - .- _. 





.* 
. zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBA

+L€=GAL COYMAND C R  OPERAND. TERMINATE- -- -- zyxwvutsrqponmlkjihgfedcbaZYXWVUTSRQPONMLKJIHGFEDCBAI__. - 


