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I. INTRODUCTION 

MLISP i s  a LISP ( ~ e f .  2) pre-processor wr i t t en  a t  Stanford Universi ty 

by Horace Enea f o r  the  IBM 360167.  re-processor" means the  MLISP programs 

a r e  t r a n s l a t e d  d i r e c t l y  i n t o  LISP s-expressions t o  form a v a l i d  LISP pro- 

gram, which i s  then passed t o  the  LISP i n t e r p r e t e r  o r  compiler. The author 

has implemented MLISP on the P D P - ~ / ~ O  and has added a few a u x i l i a r y  fea tures ,  

among them compiled object  programs, f l o a t i n g  point  numbers, 3 new 

FOR loop, improved e r r o r  messages and recovery, and add i t iona l  s t r i n g  mani- 

pula t ion f a c i l i t i e s ,  

As i t s  name implies, MLISP i s  a " m e t a - ~ ~ ~ ~ "  language; MLISP programs 

may be viewed as  a superstructure over the  underlying LISP processor. A l l  

of the  underlying LISP functions a re  avai lable  t o  MLISP, The purpose of 

having such a superstructure i s  t o  improve the r e a d a b i l i t y  and w r i t e a b i l i t y  

of LISP, long (in)famous f o r  i t s  obscurity. As LISP i s  one of  the  most 

powerful symbol manipulative and l i s t  processing languages, it seems appro- 

p r i a t e  t o  attempt t o  f a c i l i t a t e  the  use of it. 

Anyone who has attempted t o  understand a l a rge  LISP program w r i t t e n  by 

another programer ( o r  even by himself a month e a r l i e r )  quickly becomes 

aware of severa l  fea tures :  

(a)  The flow of con t ro l  i s  very d i f f i c u l t  t o  follow. Since comments 

a r e  not permitted, the  programmer i s  completely unable t o  include w r i t t e n  

ass is tence .  

(b)  An inordinate amount of time must be spent balancing parentheses. 

It i s  frequently a non- t r iv ia l  t a sk  j u s t  t o  determine which expressions 

belong with what other expressions. 

( c )  The notat ion of LISP i s  f a r  from the  most n a t u r a l  o r  mnemonic 

f o r  a language, making the  understanding of most rout ines  overly d i f f i c u l t , ,  



MLISP was designed wi th  these  d i f f i c u l t i e s  i n  mind. The syntax 

reduces t h e  number of parentheses,  permits comments, and c l a r i f i e s  t h e  

flow of cont ro l .  A more mnemonic and n a t u r a l  no ta t ion  i s  introduced. Some 

ffmeta-constructs"  a r e  added t o  s impl i fy  the  formation of complex express ions .  

S t r i n g s  and s t r i n g  manipulation f ea tu res ,  p a r t i c u l a r l y  u s e f u l  f o r  input /  

output ,  a r e  included. I n  addi t ion ,  a  s u b s t a n t i a l  amount of redundancy 

has been b u i l t  i n t o  t h e  language. This  u s u a l l y  f a c i l i t a t e s  t h e  w r i t i n g  

of rout ines ,  pe rmi t t i ng  t h e  u s e r  t o  choose t h e  most n a t u r a l  from a v a r i e t y  

of formulations . 
MLISP i s  now running on the  Stanford PDP-10. It c u r r e n t l y  t r a n s l a t e s  

a t  a speed of around 1000 l i n e s  p e r  minute i n  a  t ime-shared environment. 

The MLISP t r a n s l a t o r  i s  i t s e l f  a compiled LISP program. Some e f f o r t  has 

been taken t o  keep t h e  t r a n s l a t o r  a s  machine independent a s  poss ib l e ;  i n  

theory  MLISP could be implemented on any machine wi th  a  working LISP system 

wi th  only  minor changes. 

The r e s t  of t he  in t roduct ion  w i l l  be devoted t o  supplying t h e  i n f o r -  

mation necessary t o  g e t  an MLISP program running on t h e  Stanford PDP-10. 

P a r t  I1 of t h i s  manual w i l l  p resent  t h e  syntax of MLISP; P a r t  111, t h e  

semantics of t h e  language; P a r t  IV,  some s p e c i a l  cons t ruc t s  and da ta  

s t r u c t u r e s ;  and P a r t  V, a  complete MLISP program. 



A.  Loading Sequence 

There a r e  two vers ions  of MLISP, both r e s i d i n g  on t h e  system area  of 

t h e  d i sk :  

MLISP - a core image conta in ing  LISP and t h e  compiled MZISP t r a n s l a t o r .  

MLISPC - a core image containing t h e  LISP compiler i n  add i t ion  t o  t h e  
above. 

These programs may be loaded by ty-ping: 

R MLISP <core s ize> 

o r  R MLISPC <core s ize> . Minimum requi red  core f o r  MLISP i s  , 7  

and f o r  MLISPC . 

B. T rans l a to r  Commands 

Af te r  h i s  MLISP program has been t r ans l a t ed ,  a u s e r  may spec i fy  t h a t  

t h e  LISP s-expressions a r e  t o  be (1) executed, (2) compiled, o r  (3) output  

t o  a s e l ec t ed  device i n  a format s u i t a b l e  f o r  l a t e r  compilation o r  execution.  

The supervisory func t ion  named (you guessed i t )  MLISP provides t h e  means 

f o r  accomplishing these  a l t e r n a t i v e s .  Once t h e  u s e r  has loaded t h e  system 

by ty-ping one of t h e  two commands above, he may begin t r a n s l a t i o n  of  h i s  

MLISP program by typing  one of t h e  fol lowing a l t e r n a t i v e s  : 

(1)  ( ~ I S P )  

( 2) (MLISP <input  filename>) 

(3 )  (MLISP <input  filename <output filename> T) 

(4) (MLISP <input  filename> <output filename> NIL) 

These w i l l  now be explained i n  d e t a i l .  

(1) (MLIsP) - No arguments. The t r a n s l a t o r  assumes an input  f i l e  has 

a l r eady  been s e t  up wi th  the  LISP "INPUT" funct ion .  The t r a n s l a t o r  does an 

1 T )  t r a n s l a t e s ,  and then executes t h e  t r a n s l a t e d  program ( a  "compile- 



and-go" procedure) . ( s e e  Quam's STANFORD LISP manual, r e f .  3, f o r  explanat ion  

of t h e  input/output  funct ions,  DEFPROP, e t c  .) 

(2) (MLISP <input  filename>) - Same a s  above except t h a t  an  IN^ DSIC: 

<filename>) i s  automat ica l ly  executed before  t h e  (INC T ) .  The s p e c i a l  case 

(MLISP TTY) suppresses t h e  (INC T) and w i l l  accept  a  program from t h e  t e l e t y p e .  

(3)  (MLISP <input  filename> <output filename> T) - Both an ( INPUT DSK: 

<input  filename>) and an ( OUTPUT DSK: <output filename>) a  r e  au tomat ica l ly  

executed, and a l l  output  except e r r o r  messages and funct ion  names goes t o  

t h e  d isk .  The t h i r d  argument, T, s p e c i f i e s  t h a t  t h e  t r a n s l a t e d  funct ions  

a r e  t o  be compiled; t he  LAP code goes t o  t h e  s e l e c t e d  output  f i l e .  Note: 

w i th  t h i s  a l t e r n a t i v e  a l l  SPECIAL va r i ab le s  must be declared be fo re  they  

a r e  used i n  a funct ion .  See Ref. 3 f o r  more information on SFECIAL va r i ab le s .  

The MLISPC vers ion  must be used f o r  t h i s  a l t e r n a t i v e .  

(4)  (MLISP <input  filename> <output filename> NIL) - (INPUT DSK: 

<input  filename>) and (OUTPUT DSK : <output filename>) a r e  executed t o  s e t  

up input  and output  f i l e s  on t h e  d i sk .  With t h i s  a l t e r n a t i v e ,  however, 

ins tead  of t h e  funct ions  being compiled a s  they  a re  defined, t hey  a r e  

GRINDEF1ed onto t h e  output f i l e .  GRINDEF i s  a  LISP funct ion  which p r i n t s  

funct ion  names and d e f i n i t i o n s  onto t h e  output  f i l e  i n  a  s p e c i a l  form: 

(DEFPROP <funct ion name> <fun& ion d e f i n i t i o n >  <indicator>) 

which i s  s u i t a b l e  e i t h e r  f o r  l a t e r  compilation by t h e  LISP compiler o r  f o r  

input  i n t o  t h e  LISP i n t e r p r e t e r .  This i s  f r equen t ly  u s e f u l  if t h e  use r  

d e s i r e s  a  "clean" system; he can read h i s  D E F P R O P ' ~ ~  funct ion  d e f i n i t i o n s  

i n t o  a  f r e s h  LISP system ( i .e . ,  without t h e  MLISP t r a n s l a t o r  e t .  a l . )  t hus  

making maximum uye of core  s torage .  The MLISP ( a s  opposed t o  MLISPC) core  

image may be used wi th  t h i s  a l t e r n a t i v e .  



C .  Miscellaneous 

It i s  sometimes des i r ab le  f o r  t h e  user  t o  c a l l  the  MLISP t r a n s l a t o r  

under program con t ro l .  This  i s  made poss ib l e  by t h e  s p e c i a l  funct ion  

MTRANS; c a l l i n g  M!I'RANS has t h e  fol lowing e f f e c t :  

( a )  An MLISP program i s  read from whatever input  device has been 

spec i f i ed  a t  t h e  moment. The f i r s t  cha rac te r  i n  t h e  b u f f e r  should be t h e  

f i r s t  cha rac te r  i n  t h e  program. See P a r t  I1 f o r  the  d e f i n i t i o n  of a  

s y n t a c t i c  MLISP program. 

(b)  The r e s u l t i n g  LISP program w i l l  be re turned  a s  t h e  value of 

t h e  funct ion.  

Note t h a t  t h e  funct ion  MZISP should - no t  be c a l l e d  under program cont ro l ,  

s ince  it has seve ra l  s i d e  e f f e c t s  which a r e  gene ra l ly  undes i rab le  i n  a  

program. MTRANS has no s i d e  e f f e c t s .  It requi res  no arguments. 

COMMENTS: Any sequence of cha rac te r s  enclosed by percent  s igns  ($) 

i s  taken  t o  be a  comment and i s  ignored by t h e  t r a n s l a t o r .  The value of  

comments should be obvious: i n  genera l  t h e  c l a r i t y  of a  program i s  d i r e c t l y  

p ropor t iona l  t o  the  number of comments. 

There a r e  seve ra l  MLISP-defined atoms t o  which t h e  use r  may r e f e r :  

ATOM - 
F 

BLANK 

RPAR 

LPAR 

DOLLAR 

COMMA 

SLASH 

EQSIGN 

STAR 

VALUE 
1 

NIL 



ATOM - 
COLON 

PLUSS 

DASH 

DBQUOTE 

PERIOD 

PERCErn 

CR 

LF 

FF 

LARROW 

ALTMODE 

These f a c i l i t a t e  t h e  handl ing  o f  s p e c i a l  c h a r a c t e r s .  



11. smAx 

The complete MLISP syntax follows. The LISP equivalents (into which 

the syntatic parts are translated) are listed in Part 111. The meta- 

symbols [ ] bracket optional elements which may be repeated zero or more 

times. The curly brackets { ] enclose alternative elements. 

<prograrO : := <expression> . 
<express ion> : : = <simple expression> [ <infix operator> <simple express ion>] 

<simple expression> : : = <block> 

( <conditional expression> 

I <FOR expression> 
1 <UNTIL expression> 

1 M I L E  expression> 

I <list expression> 
I <strin@ 
1 <pref i 0  <simple expression> 

I (<express ion>) 
I <function call, 
I <function def inition> 
I <assignment expression> 
1 '<s-expression> 

1 <number> 
I <empty> 

<block> : := BEGIN [ <declaratio+; ] [ <expression>; ] END 

<declaration> ::= NEW <identifier list> 

SPECIAL <identifier list> 



< i d e n t i f i e r  l i s t >  ::= <iden t i f i e r>  [, <iden t i f i e r>  ] 

I <empty> 

<condit ional  e x p r e s s i o 0  ::= IF  <expression> THEN <expression> [ELSE 

<expre s s ion> 1 
IN DO 

<FOR express iorD : : = FOR <iden t i f i e r>  fON} <express ion> C OLLECT 
I 

<expressiorD [UNTIL <expression> ] 

1 FOR < iden t i f i e r>  { c] <expression> TO <expressiorD 

[BY <expression> ] 

DO 
(COLLECT 

) <expressiol?, [UNTIL <expression> ] 

DO 
W I L  express i o 0  : : = lCOLLECT <express ion> UNTIL <express ion> 

DO 
GHILE expres sio* : := WHILE <expres sio* lCOLLECT 1 <express ioO 

< l i s t  expressior0 ::=; < <arg l i s t>  > 

<s t r in@ ::= "<any sequence of characters  - possibly none - except ">" 

<function ca l l>  : := <iden t i f i e r>  (<arglist>) 

<function def in i t ion> : := <iden t i f i e r>  ( I:) < i d e n t i f i e r  l i s t >  : 

<express ion> 

<assignment expression> : := <iden t i f i e r>  [ <express ioO 

<inf ix  operator> : := *J"I - J / ( + I & l @ l =  

I < iden t i f i e r>  

<prefix> := + I - ~ N O T I N ~ T L L I A T O M  

<iden t i f i e r>  ::= < l e t t e r >  [ <any sequence of l e t t e r s  o r  d i g i t s >  ] 

<let . ter> ::= A I B I C I  . . . I  x I Y I z I !  
<dieit:, ::= 1(2(31415161718191@ 





111. S E W I C S  

This sect ion w i l l  serve two purposes: 
. 

(a)  Present t he  LISP expressions i n to  which the MLISP constructs  

a r e  t r ans la ted ;  

(b)  Explain the "meta-constructs" and how they are  evaluated. 

In  the  following it w i l l  be assumed t h a t  the  user has a working 

knowledge of LISP. McCarthy ( ~ e f .  2) provides a reference manual f o r  the 

standard LISP functions, while Weissman ( ~ e f .  4) furnishes a good t u t o r i a l .  

I n  t he  cases below where the  meaning of MLISP constructs  i s  given by t h e i r  

LISP equivalents, no fu r the r  explanation w i l l  be presented. Any non- 

standard LISP elements w i l l  be f u l l y  explained; ~uarn's users '  manual 

f o r  Stanford LISP ( ~ e f .  3) may be consulted fo r  addi t ional  information. 

A. CprograrO : : = Cexpres s ion> 

Tn general MLISP programs a re  enclosed within a BEGIN-END p a i r ;  t h a t  

is, a <progra@ i s  usual ly  a <b locD ( c f .  C below). This permits more 

than one MLISP expression t o  be t rans la ted  a t  one time. ( see  Par t  V f o r  

a sample program.) 

An expression i s  a simple expression (paragraphs C-N) opt iona l ly  

followed by any number of in f ix  operator-simple expression pa i r s .  There 

i s  - no hierarchy of operators;  associat ion i s  t o  the r i gh t .  For example, 

A + B - C will be t rans la ted  as  (PLUS A (PIFFEFJ~NCE B c ) )  . Again, 

A CONS B CONS NIL w i l l  become (CONS A (CONS B NIL) ) . 



Examples of expressions a r e  (no te  t h a t  "3" means "is t r a n s l a t e d  t o " ) :  

A 

16  

A := x * 2 * (SETQ A (EXPP x 2)) 
A := B := c 3 (SETQ A (SETQ B c))  

l r ~ ~ ~ ~  IS A STRING" 

( A  + B) - c (DIFFERENCE (PLUS A B) C) 

( ( ( A  + B)) - c ) $  (DIFFERENCE (PLUS A B) C) 

PLUS (A, B) - C 3 (DIFFERENCE ( P L U S  A B) C) 

DIFFEFENCE ( A  + B, C) 3 (DIFFERENCE (PLUS A B) C)  

FOR I IN L COLLECT CAR(I) 

W I L E  NOT ( A  EQ B) DO A := READ( ) 

BEGIN A := B END CONS C ) (CONS (FROG NIL (SETQ A B) )  C) 

Note t h a t  s ince  an opera tor  may be an a r b i t r a r y  i d e n t i f i e r ,  v i r t u a l l y  any 

user-defined funct ion  of two arguments may be used a s  an i n f i x  operator .  

Parentheses may always be used t o  a l t e r  t h e  a s soc ia t ion  of arguments; f o r  

example : 

( A  CORS B) CONS C @ (CONS (CONS A B) c ) .  

The following paragraphs (c-N) expla i n  simple expressions. 

C. QlocW : := BEGIN [ < d e c l a r a t i o O ;  ] [ <expression>; ] END 

<declaration> ::= S P E C I A L  < i d e n t i f i e r  l i s t >  
( NEW < i d e n t i f i e r  l i s t >  

BEGIN-END blocks a r e  t r a n s l a t e d  i n t o  PROGTs. Variables declared 

using NEW become t h e  PROG va r i ab les ;  a l l  PROG va r i ab les  a r e  i n i t i a l i z e d  

t o  N I L .  The scope o f  var i ab les  so defined i s  the  scope of t h e  PROG, 

i .e. ,  u n t i l  t h e  matching END. I f  there a r e  no rJEW dec lara t ions ,  N I L  i s  

used for t h e  PROG var iables .  Expressions within t h e  block a r e  separa ted  

by semicolons. As wi th  PRQG's, a value may be returned f o r  t h e  block 

via t h e  RETURN function.  Again, l a s s  may be t r ans fe r red  t o  v ia  t h e  



GO function; e.g., GO(L) . Labels may be formed by following t h e  l a b e l  

i d e n t i f i e r  i m d i a t e l y  with a semicolon; e .go,  L; .  o ow ever the  i t e r a t i on  

expressions described below (E-H) a re  t o  be much recommended over l abe l s  

and GO transfers.)  An example of a block and i t s  PROG t r ans l a t i on  follows. 

E G I N  

NEW A,B,C; NEW X; 

A := READ ( ); 

X := (B + C) / A;  

RETURN (x) ; 

E r n  

( PROG 

(SETQ X (QUOTIENT (PLUS B C) A) ) 

SP,lXIAL declarat ions may be mixed i n  with NEW declara t ions  i n  any 

manner* A l l  NEW and S F E C N  declarat ions,  however, must appear a t  the  

s t a r t  of a  block, before any executable expression. 

Variables declared SPECIAL have the  following e f fec t :  (1) The 

indicator  "SPECIAL" i s  immediately put on t h e i r  property l i s t s .  (2) 

If  the  t r ans la ted  MLISP program i s  t o  be GRINOEF'ed ( i . e . ,  printed) onto 

an output f i l e  (cf  . Part  I), a l l  SFECIAL var iables  a re  col lec ted i n to  

a l i s t  and ~RrnEF ' ed  onto the  head of the  f i l e ,  before any function 

def in i t ions .  Thus a l l  SPECIAL variables a r e  guaranteed t o  be defined 

before they are  used, no matter where they appear i n  the  MLISP program, 

This enables the  user  t o  mark var iables  SPECIAL wherever i n  the program 

it i s  convenient t o  do so. Note t h a t  SPECLIU; var iables  a re  not made - 
PROG var iables ;  t h a t  i s  done only with NEW declarat ions.  However, NEW 

var iables  may a l so  be declared SPECLBL. 

. See Ref. 3 f o r  fu r the r  discussion of SPECIAL 

var iables .  



D. <conditional expressiorD ::= IF  <expression> 

THEN i e x p r e s s i o 0  [ELSE <expression>] 

Without the  opt ional  ELSE term, 

i s  t rans la ted in to  

(COND (el e 2 ) )  

where e l ,  e2 a re  any a r b i t r a r y  expressions. I f  the ELSE term i s  present, 

I F  e l  THEN e2 ELSB e3 

becomes 

(COND ( e l  e2) ( T  e3) ) .  

Conditionals are  automatically optimized i n  the sense t h a t  

IF  e l  THEN e2 ELSE 

IF e3 THEN e4 ELSE e5 

becomes 

(COND ( e l  e2) (e3 e4) ( T  e5)) 

ra the r  than 

(COND ( e l  e2) (T  (COM) (e3 A) ( T  e5 ) ) ) ) .  

The nested form 

I F  e l  THEN 

IF e2 THEN e3 ELSE e4 

ELSE e5 

i s  permitted and becomes 

(COND ( e l  (COND (e2  e3) ( T  e4))) (T e5)) 

Note t h a t  all of the  predicates i n  a COND msy evaluate t o  NIL, i n  which 

case NIL i s  returned a s  the  value of the condit ional .  ( c f .  Ref. 3 f o r  

further details) . 



I N  DO 
E. <FOR expression> : : = FOR i i d e n t i f  i e r>  EON] <expression> (COLLECT 1 

<expre s s i o 0  [UNTIL <express ion>] 

This i s  t h e  f i r s t  of the  MLISP "meta-constructs," a l l  of which a r e  

i t e r a t i o n  expressions c lose ly  resembling ALGOL statements, I t s  evaluation 

w i l l  be informally i l l u s t r a t e d  through an example: 
\ 

For I I N  e l  DO e2 UrJTIL e3. 

Evaluation : 

V + NIL (NOTE : V, L,X are temporary var iables)  

L + v a l u e  ( e l )  (NOTE: e l  should evaluate t o  a l i s t )  

i f  NULL (L) then I?ROG~( I + NIL, RETURN (v)) 
I + CAR (L) 

L + C D R  (L) 

*.A. V + v a l u e  (e2) 

*** X +va lue  (e3) 

**+w i f  X f N I L  then RETURN (v) 
GO TO A 

It may be seen t h a t  t h e  control  var iable  I "steps through" t h e  l i s t  

L which i s  the  value of e l ;  i.e., I becomes successively CAR(L) , CADR(L) , . , . . 
If the  UNTIL condition i s  omitted, then l i n e s  w* and *w* a r e  omitted. 

If ON ra the r  than I N  i s  specified, then l i n e  * i s  replaced by I + L; 

i.e., I becomes successively L, CDR (L) ,  CDDR (L ) ,  e t c .  I f  COLLECT 

ra the r  than, DO i s  specif ied,  then l i n e  ** becomes V +- V APPEND value 

Expression e l  i s  evaluated only once. Expressions e2 and e3 ( i f  e3 

i s  present)  a re  evaluated each time through the  loop. Both may be functions 

of the  control  var iable  ( I  i n  the  above example) . 
L 

The use of COLLECT i s  one of the  most powerful f ea tu res  of MLISP. 

With it, l i s t s  of a r b i t r a r y  complexity may be assembled with l i t t l e  e f f o r t  

( see F, G,H) . For example, the  value of 



FOR I I N  ' ( (GOOD . 16) BAD (GOOD . 58) ) COT,LFCT 

I F  I EQ 'BAD THEN NIL ELSE <CDR (I)> 

i s  (16 58) . See WHILE-COLLECT (P. ) f o r  another  example. Note t h a t  

<CDR(I)> i s  used ra ther  than CDR ( I ) ;  <CDR (I)> i s  t r ans la ted  in to  

(LIST (CDR I)), so t h a t  the  APl?ENDted list w i l l  be a l i s t  of  the CDR's, 

1 as desired. 

T t  should be mentioned t h a t  there  i s  never any danger af MLISP confusing 

i t s  temporary var iables  with user-defined variables.  The temparary var iables  

speci f ied  above were jus t  examples; i n  r e a l i t y  MLISP uses spec ia l  character  

s t r i ngs  which are i l l e g a l  i d e n t i f i e r s  i n  the MLISP language. 

F. <FOR expressiorP : := FOR <iden t i f i e r>  ( :g] <expression> TO <expression> 

[BY <expression>] 

} <express ion> [UNTIL cexpres s i o ~ ]  
~COL,, 

This i s  s imi lar  t o  (D)  above. Again by example: 

FOR I := el t o  e2 BY e3 DO e4 UNTIL e5 

Evaluation: 

V + NIL (NOTE: Again V, UPPER, INC, X are tempories) 

I + value ( e l )  

UPPER + value ( e2) 

3c INC + value (e3) 

A: i f  I > UPPER then PROG2 ( I  + NIL, RETURN (v)) 
~ C J C  V + value (e4) 

SC~CJA X +- value (e5) . 
-w*+ i f  X f NIL then IlETURN (v) 

I + 1 + I N C  

Again, i f  the UNTIL condition i s  omitted, l i n e s  w* and *** are  

left out .  If the  BY speci f ica t ion o f  the  increment i s  omitted, l i n e  * 
becomes INC +- 1 . I f  COLLECT r a the r  than DO i s  specified, l i n e  becomes 

V + V APPEND value (e4) . 



Example: FOR I := 1 TO 10 COLLECT <PRINT (I)> W I L  (1/4) = 1 

would p r i n t  onto the  output device 

and re tu rn  (1 2 3 4) as  i t s  value. 

} <expression> UNTIL <expression> G. <UNTIL expressio* ::= ECOLLECT 

For the  case DO e l  U'NTIL e2, evaluation i s  a s  follows: 

* A: V +-value ( e l )  

X +- value (e2) 

if X NIL then RETURN (v) 

go t o  A 

Example: DO M +- READ ( ) UNTIL M EQ 'STOP would read successive s-expressions 

from the  input device u n t i l  "STOP" was read. The value of the  loop would 

then be "STOP" also,  s ince M +- READ ( ) i s  t r a n s l a t e d  i n t o  (SETQ M (READ)) 

which has as  i t s  value t h e  l a s t  th ing  read. 

I f  COGLECT ra the r  than DO i s  specif ied,  l i n e  * becomes V +- V APPEND 

value ( e l )  . 
DO H. q H I L E  e x p r e s s i o 0  : : = WHILE <express i o r 0  [COLLECT ] <expression> 

For t h e  case WHILE e l  DO e2, evaluation i s  as follows: 

V +- NIL 
A: X + v a l u e  ( e l )  

i f  NOT X then RETURN (v) 

JC V + value (e2) 

go t o  A 

If' COLLECT ra the r  than DO i s  specif ied,  l i n e  * becomes V + V  APPEND 

value (e2) .  



The only difference between the  UNTIL expression and the  WHILE 

expression i s  t h a t  i n  the  WHILE expression the t e s t  f o r  the  terminating 

condition i s  made f i r s t ,  while i n  t h e  UNTIL expression it i s  made second. 

As an example of $he power of the  COIJLECT var ia t ion  of these expres- 

sions, consider: 

WHILE NOT ( (A + READ ( ) ) EQ 'STOP) COLLECT <CADR(A) > 

If the  input f i l e  contains a sequence of l i s t s  i n  t h e  form (DEFPROP 

<function name> <lambda def in i t ion?  <indicator>), which is  a ~i tandard form 

f o r  function de f in i t ions ,  then the  above WHILE expression would assemble 

a l i s t  of a l l  the  function names i n  the  f i l e  u n t i l  the  atom "STOP" was 

encountered. Concise s-batements of complex expressions such as  t h i s  i s  

one of the  primary purposes of MLTSP. 

I. < l i s t  expression> ::= < <arg l i s t>  > 

This construct  i s  the  MLISP equivalent of the  LISP LIST expression; 

a , B , C >  i s  t r ans la ted  i n t o  (LIST A B c) ,  < > in to  (LIST) = NIL, e tc .  Note 

t h a t  LIST(A,B,C) i s  a l s o  t r ans la ted  in to  (LIST A B C) ; G , B , C >  i s  t h e  

sha r te r  notat ion.  A CONS B CONS C CONS NIL would a l s o  have the  same e f f e c t ,  

As mentioned i n  the  introduction, it i s  a general  property of MLISP t h a t  

most const ructs  msy be expressed i n  severa l  ways. This redundancy i s  

de l ibe ra te ;  it f a c i l i t a t e s  the  w r i t i ~ g  of programs by re l i ev ing  t h e  user  

from f inding the  - one correc t  expression, 

Arguments ins ide  the  l i s t  brackets may be any a r b i t r a r y  expression 

( c f .  J below). This i s  a l s o  t rue  of function c a l l s  ( c f .  L below), 



Example : 

CONS B, <MIN (3 + I, J )  , N I P ,  LAST (J)> goes t o  

(LIST (CONS A B )  

(LIST (MIN (PLUS 3 I)J) NIL) 

(LAST J) 

1 

An argument l i s t  i s  one or  more expressions a r  func t iona l  arguments 

separated by commas. Since an expression may be empty, an argument l i s t  

may be empty. 

A s p e c i a l  case i s  made of the  funct ional  argument i n  order  t o  

permit a r b i t r a r y  LAMBDA expression$ t o  be included i n  an argument 

l i s t .  The sharp symbol (#) i s  t r a n s l a t e d  i n t o   LAMBDA^', t h e  i d e n t i f i e r  

l i s t  i n t o  the LAMBDA-bound va r i ab les ,  and t h e  expression i n t o  t h e  

LAMBDA expression. Example: 

FOO (# A,B: IF A EQ B THEN T ELSE A )  goes t o  

( FOO (LAMBDA (A B) (COND ( (EQ A B) T )  (T  A ) ) ) ) .  

Functional  arguments which a r e  passed by name may be t r e a t e d  l i k e  any 

o ther  f'unction call (see  L below). Example: FUNCTION (CAR).  Here 

CAR i s  a  f'unction which i s  being passed a s  a  func t iona l  argument by 

name. See t h e  LISP 1 . 5  Manual ( ~ e f .  2 )  f o r  f u r t h e r  information on 

func t iona l  a~guments .  

K. <::tring> : := "<any sequence of charac ters  except " > " 



Strings are a special MLISP data form (see Part IV). Strings are 

stored as a list of the individual characters in the string; for 

example, "THIS IS A STRING!" is stored as (T II I S / - I S / - A /- 
S T R I N G !).   he symbols / - represent the blank character.) With 

the MLISP-defined atom DBQUOTE -- defined to be "--and the MLISP string 

function CAT (see Part IV), double quotes may be inserted into strings; 

e. g. , "TKLS STRING CONTAINS" CAT DBQUOTE CAT" A DOUBLE QUOTE". 

In MLISP the function names are brought outside the parentheses, 

and the arguments, if there are more than one, are separated by commas* 

Examples : 

CAR (A) is translated to 

PLUS (1,2,3) 

FUNCTION(CAR) 

APPEND (A CONS B,C CONS NIL) 

(CAR A) 
(PLUS 1 2  3) 

(FUNCTION CAR ) 

(APPEND(CONS A B) 

(CONS c ML))  

Functions having exactly two arguments may alternatively be used as 

infix operators. For example, CONS(A,B) and A CONS B are equivalent, 

both being translated to (CONS A B). 

# M. <function definitior3 : := <identifj er> [ z) [,]<identifier list>:<expressiorS 

This is the mechanism for defining functions. The identifier is the 

function name. If the sharp (#) is used, the function will be an MPR; if 

the star (*) is used, it will be an FMPR. In either case the translation 

is "ISIMBDA." The identifier list specifies the LAMBDA-bound variables, 

and the expression is the LAMBDA expression. Examples: 



M I N  := # A,B: IF A LESSP B THE3J A ELSE B; 

SMALLEST := *L: 

46 FINDS THE SMALLEST WE3 AMONG ITS ARGUMI3NTS % 
BEGIN NEW X,Y,I; 

IF NULL (L ) THEN RETURN (NIL) ; 
X := EVAL (CAR ( L ) ) ;  Lt CDR(L); 

FOR I IN L DO 

END ; 

The first function is an EXPR with two arguments that returns the smaller 

of the two. The second function is an FEXPRJhat takes any number of 

arguments and returns the samllest one. Note that in the second function, 

since FEXPR's do not evaluate their arguments? the arguments have to be 

evaluated explicitly by calls on EVAL. 

The second function illustrates several features of MLISP: 

(a) The phrase tetwee? percent signs ($) is a comment. 

(b )  The BEGIN-END block specifies it to be a PROG, with PROG 

variables X, Y and I. 

( c )  The RETURN expression is used to return a value for the 

function. 

(d) The FOR loop steps through the list L comparing each 

element to the current smallest element and making the 

appropriate change. 

( e )  x := Y; 

X +Y; 

SETQ 



These a r e  a l l  equivalent ,  and may be used interchangeably ; 

a l l  a r e  t r a n s l a t e d  t o  (SETQ X Y ) .  

When a funct ion  i s  defined, one of t h r e e  th ings  occurs. E i the r :  

(1) The funct ion  d e f i n i t i o n  i s  immediately added t o  t h e  proper ty  

l i s t  of t h e  funct ion  name, under t h e  appropr ia te  i n d i c a t o r  

(MPR o r  FEXPR). 

( 2 )  The funct ion  d e f i n i t i o n  i s  GRINDEF'ed onto t h e  se l ec ted  

output f i l e  ( c f .  Pa r t  I) ,  i n  t h e  co r rec t  form f o r  input  

i n t o  t h e  campiler. 

( 3 )  The funct ion  i s  immediately compiled onto t h e  output device 

without f u r t h e r  ado. 

Al t e rna t ive  (1) occurs i f  t h e  second and t h i r d  arguments t o  t h e  MLISP 

funct ion  ( c f .  Pa r t  I )  a r e  absent.  A l t e rna t ive  (2 )  occurs i f  t h e  t h i r d  

argument i s  NIL; a l t e r n a t i v e  ( 3 ) ,  i f  it i s  T. MLISPC must be used 

f o r  a l t e r n a t i v e  (3).  I n  any case, a f t e r  t h e  funct ion  has been defined, 

i t s  name i s  p r in ted  onto t h e  t e l e type .  

Function d e f i n i t i o n s  a r e  not considered t a  be executable expressions 

a t  runtime, and, a f t e r  one of t h e  above th ree  a l t e r n a t i v e s  has been 

executed, NIL i s  rs turned a s  t h e i r  t r a n s l a t i o n .  After  t h e  e n t i r e  MLISP 

program has been t r ans la t ed ,  a l l  non-NTL expressions a r e  c o l l e c t e d  i n t o  a  

PROG and a new funct ion  named RESTART i s  defined, with t h e  P R E  a s  i t s  

de f in i t i an .  For t h i s  funct ion,  a l so ,  one of t h e  above t h r e e  a l t e r n a t i v e s  i s  

executed. The RESTART funct ion  provides a convenient means f o r  re -enter ing  

MLISP programs. Typing (RESTART) w i l l  begin execution of t h e  program, 

s t a r t i n g  with t h e  f i r s t  executable expression. An example may c l a r i f y  

t h i s .  Suppose t h e  MZISP program i s  



BEGIN IVEW X; 

M I N  := # A,B: IF A LESSP B THEN A ELSE B; 

This creates the following property lists: 

N. <assignment expressiorP : := iidentif ier> r) <expressiorO 
Either the colon-equal or left arrow symbol may be used in assign- 

ment expressions. Both translate into SETQ. The following all translate 

into (SETQ A (PLUS B c)) : 

A : = B - + C  

A + B + C  

A SET& B + C 

SETQ (A, B + c). 

The author prefers the left arrow as being the clearest. 

Multiple assignments are permitted, since assignments are thern- 

selves expressions: 

X c Y t Z t $  

is translated to 

(SETQ x (SETQ Y (SETQ z j d ) ) ) .  

The value of an assignment expression is, as in LISP, the value o f  the 

expression on the right; this should be clear from the LISP translation. 



0. Cinf ix  operator> : := * \ * * \ - \ / \ + \ & \ @ \ = \ < i d e n t i f i e r >  

The above symbols a l l  have pre-defined meanings i n  m S P ,  $0 

provide a concise short-hand f o r  c e r t a i n  commonly-used LISP functions. 

The meanings a re :  

= EQUAL 

* TIMES 

** EXPT 

- DIFFEWNCE 

/ QUOTIENT 

(only i n t e g e r  exponents a r e  allowed) 

(MINUS i f  used as a unary (prefix) operator) 

+ PLUS 

Thus A TIMES B and A*B are equivalent ,  f o r  example. Also any o t h e r  

funct ion  of two arguments may be used as an i n f i x  operator .  Thus t h e  

MTN funct ion  defined i n  ( M )  above may be called either by MIN (A,B) or 
1 

A MIN B. This helps t o  reduce fu r ther  t h e  number of parentheses and 

f r equen t ly  improves t h e  r e a d a b i l i t y  of a program. 

There are two other MLISP-defined opera tors :  NEQ and NI3QIJAL. 

A NEQ B i s  t h e  same a s  NOT (A EQ B ) ,  and A NEQUAL B i$ equivalent  t o  

NOT ( A=B ) . 
P. C p r e f i D  : := + \ - \ N O T ( N U L L I A T O M  

These are unary opera tors  having the  following t r a n s l a t i o n s :  

t-x 3 X 

-X 3 (MINITS x) 

NOT X 3 (NOT X )  

m z x  * ( m ~  x) 

ATOMX 3 (ATOM X )  



The l a s t  t h r e e  may a l s o  be ca l l ed  w i t h  parentheses around t h e i r  argu- 

ments, l i k e  any other  function: NOT(X), NULL(X), ATOM(X). Using them 

a s  a p r e f i x  operator, however, helps t o  reduce t h e  number of parentheses 

i n  t h e  program. 

Q. <iden t i f i e r>  : := < l e t t e r >  [<any sequence of l e t t e r s  o r  d ig i t01 

A l l  i d e n t i f i e r s  must begin with a l e t t e r .  Le t t e r s  a r e  considered 

t o  be any of t h e  26 l e t t e r s  i n  the  alphabet o r  the  exclamation point  (! ) 

symbol. The exclamation point  i s  included t o  enable t h e  user  t o  form 

unusual i d e n t i f i e r s ;  e.g., !SYSTEWl. Examples of i d e n t i f i e r s  a r e  A, 

AVERYLONGSTRING , K52BJE1, HELP!, ~$$$l. Limits a s  t o  the  length  of 

printnames, e tc .  a r e  those of t h e  underlying LISP processor (see  Ref. 3 ) .  

Two types of numbers a r e  permitted i n  MLISP, r e a l  and in teger .  

Exponents may be speci f ied  v ia  t h e  " operator;  e.g., 1$ " 2 .  The 

base of a l l  numbers i n  MLISP i s  Examples of numbers a r e  - 
1 

lfl 

This l a s t  ge t  t r a n s l a t e d  i n t o   NUS (EXPT 9876.54321 6 ) ) .  

Recall  t h a t  only in teger  exponents a r e  allowed, unless t h e  user  wants 

t o  define h i s  own exponent function. 

Final ly ,  s-expressions may be quoted using t h e  s ing le  quote ( ' ). 

Whereas t h e  LISP user  wri tes  (QUOTE <s-expressio+), t h e  MLISP user  

wri tes  '<s-expression>. Examples! 



(QUOTE A) 

(QUOTE (A B c)) 

(QUOTE(A. B)) 

(QUOTE (A (B C )  (E F) G ) )  



I V  SPECIAL CONSTRUCTS - DATA STRUCTURES 

Seve ra l  of  t h e  s p e c i a l  MLISP cons t ruc t s  - t h e  i t e r a t i o n  express ions  - 
have a l r eady  been descr ibed.  These were designed t o  s imp l i fy  t h e  w r i t i n g  

of  complex express ions ,  i n  add i t i on  t o  e l imina t ing  GO t r a n ~ f e r s  and 

f u r t h e r  c l a r i f y i n g  t h e  f low of  con t ro l .  It should be ev ident  by now 

t h a t  none of t h e  r ecu r s ive  power of LISP has been s a c r i f i c e d ;  r a t h e r ,  

MLISP extends t h i s  power, i f  we de f ine  t h e  "power" of  a language t o  be 

t h e  ease  with which complex r o u t i n e s  may be w r i t t e n ,  

The d a t a  s t r u c t u r e s  of MLISP a re ,  of course,  those  of LISP: symbolic 

"atoms1', numbers,and l i s t  s t r u c t u r e s .  I n  add i t i on ,  MLISP defines 

s t r ings--sequences of  cha rac t e r s  enclosed by double quotes (")-  

a s  an input /output  o r i en t ed  d a t a  form. S t r i n g s  a r e  s t o r e d  i n t e r n a l l y  

a s  l i s t s  of t h e  cha rac t e r s  i n  t h e  s t r i n g s .  Any LISP-defined cha rac t e r  

except  double quote may appear i n  a s t r i n g ;  double quote may be added 

wi th  t h e  MLISP-defined atom DBQUOTE. Cer ta in  s t r i n g  manipulat ive 

func t ions  a r e  def ined i n  MLI$P. These func t ions  a r e  CAT, PRINSTR, 

STR, STRING, and SUBSTR. 

CAT - Concatenation, a func t ion  o f  two arguments which may be 

e i t h e r  s t r i n g s  o r  atoms. If they  a r e  both  s t r i n g s ,  t h e  value i s  t h e i r  

concatenat ion.  I f  one o r  both a r e  atoms, t h e  printname of t h e  atom 

i s  f i r s t  made i n t o  a s t r i n g  and then concatenated. 

PRINSTR - A func t ion  of one argument, a s t r i n g .  It p r i n t s  t h e  

argument e x a c t l y  a s  it appears onto t h e  cu r r en t  output  device,  ending 

t h e  l i n e  wi th  a c a r r i a g e  r e t u r n ,  Value i s  NIL. 

STR - A func t ion  of  one argument, an atom. Value i s  a s t r i n g  of  

t h e  atom ' s p r i n t  name, 



STRING - A function of one argument, a l i s t .  Value i s  a s t r i n g  of 

a l l  t h e  characters  i n  the  l i s t ,  including parentheses and blanks. 

SUBSTR - A function of three  arguments. The f i r s t  argument i s  a 

s t r i n g .  Value i s  a substr ing of the  s t r i n g .  The second argument i s  

the  s t a r t i n g  posi t ion  of the  subst r ing counting from one. The t h i r d  

argument i s  t h e  number of characters  t o  be ext rac ted ,  

These functions w i l l  be i l l u s t r a t e d  by examples: 

"THIS IS A CAT "STRING" = "THIS IS A STRING" 

"THIS IS A " CAT 'STRING = "THIS IS A STRING" 

STR ('STRING) = "STRING" 

STRING ( ' ( A  (B  C )  D ) )  = "(A ( B  C )  D)" 

SUBSTR ("THIS SS A STRING", 6, 4) = "IS A" 

PRINTSTR ("STRING" ) w i l l  p r i n t  STRING 

PRINT ("STRING") will p r i n t  (S T R I N G )  

PRINTSTR ( "STRING" CAT DBQUOTE ) w i l l  p r i n t  STRING" 

These functions provide the  mechanism necessary t o  crea te ,  add t o ,  

fragment, and p r i n t  s t r ings .  This mechanism allows the  user  complete 

con t ro l  of h i s  output statements. 

There a re  two other MLISP-defined functions which a r e  s t r i n g  r e l a t e d  

but which apply t o  a r b i t r a r y  l i s t s  a s  well: PRELIST and SUFLIST. 

Both take two arguments. The f i r s t  i s  a l i s t  or  s t r i n g ;  the  second 

i s  an in teger .  Their  values w i l l  be i l l u s t r a t e d  by example and by 

de f in i t ion .  

PRELIST ( ' ( A  B C D E ) ,  3 )  = (A B C )  

PRELIST ("THIS IS A STRING", 9) = "THIS IS A" 

SUFLIST ( ' ( A  B C D E), 3)  = (D E )  

SUFLIST ("THIS IS A STRING", 9) = " STRING" 



For a l l  l i s t s  L and fo r  a l l  i n t e g e r s  N ,  

PRELIST ( L , N )  @ SUFLIST ( L ~ N )  = L. 

PRELIST and SUFLIST are designed t o  f a c i l i t a t e  t h e  manipulation of L i s t s .  

Their  MLISP d e f i n i t i o n s  a re :  

PRELIST : = #L,N: 

IF (N=$) OR WLL(L) THEN NIL 

ELSE CAR(L) CONS PRELIST (CDR(L) , N-1) ; 

SUFLIST := #L,N: 

IF  (N=$) OR NULL ( L )  THEN L 

ELSE SUFLIST (CDR(L), N-1);  

To f u r t h e r  s impl i fy  list handling, nine " f i e l d "  funct ions  a r e  defined 

i n  MLISP: F 1  through 3'9. F1 r e t u r n s  t h e  f i r s t  element i n  the  l i s t  which 

i s  i t s  argument, F2 t h e  second element, e t c .  Examples: 

F ~ ( ' ( A  B c D E ) )  = A 

F ~ ( ' ( A  B C D E)) = I3 

F~('(A B C D E)) = E 

~6(' ( A  B C D E ) )  = undefined. 

These funct ions  were added on the theory t ha t  i n  manipulating the ,  say, s i x th  

element i n  a l i s t ,  it i s  c l e a r e r  t o  wr i t e  F ~ ( I )  r a t h e r  than CADR(CDDDDR(L)). 



*,< n ~ . ,  ~ L L  1 - 1 1 .  I O L L  I .  I , L I  r n u u ,  V M ~ I H W L L J  P K L  H U I U ~ * I  I ~ I H L L T  

1 ~ ' r I T I k L I t F J  7 0  ' Q I L ' ,  % 
FOk I 111 L  30 V * I CONS V ;  
R t T b Y N ( V ) ;  

t h J ;  

f i t \ / t c > F 4  : =  k L :  
h T C l S  IS A;.; i k P 2 ,  U S E S  A  , ~ H I L E  L O P p ,  % 
X ~ l - I L L  T t i t t ? E  ! \  ' ;TILL ~ L J ~ I E : ~ ( I V ~ ~  L t F T  I N  * L ,  * THL  PHOGL I S  EXECUTED,  X 
b F t i I l u  ' JEh V ;  S I J E C I A L  V ;  

h H I L E  L L J O  P R O G i ' t V  + C A W ( L )  CONS V ,L  * C Q H I L ) ) ;  
K t T U u " ( V ) ;  

E h i l :  

f i t \ t & b F 5  : =  # L :  
1/, TClS 15 AIJ E X " 9 ,  U S E S  A  U O - U U T I L  LOOP,  X 
x i b t  PtIOGZ I S  E f F C I I T F S  1 l i J T I L  ' L '  I ?  N I L ,  % 
I F  h dl-L L T t i E k  > J I L  FLSL 

H F G I I L  P d E W  '1 ;  S P E C I A L  V; 
c C  P * d G ; i ( L  * C A S ( L )  CObJS VIL * C r l R ( L ) )  U N T I L  NIJLL L i  
R b l U H W  ( b  j ; 

E ~ u ;  

f i t v t F S F 6  : =  +L:  
% I k I S  [i A ~ ~ O T Y E Q  F E X P H ;  T I IE  AECUMFNTS ARE, NUT E V A L U A T E D ,  X ' 
"/;,l-lq I S  L F S S  GE" \ IT f?AL-  T H A N  T H t  OTHFR F U N C T I O N S ;  I T  C l I L C  NOT WORK 

FUR L 1\10 GF LFSJ(;TH > l d k ? ,  Ir 
A i T w F V b  I ? ,  I T  IS IQCLUDFD A', AN EXAMPLE OF A FOR-LO[ jP  U S I N G  A 

+ \ u h l C Q l r L l  I ~ C L I ~  Y F  N T ,  lj/. 
IF n u L L  L ~ 1 1 t h  ~ J I L  F L S E  
~ F , J T  4 ' L E N  I , V ;  S P F C I A L  I l V ;  

6 U q  I * l  7 0  D O  PRgG2( \ /  * C A R ( [ - )  CONS V t L  * C O H ( L )  
11 . rT jL  NU1 L L ;  % T d I S  ' U N T I L '  C O N D I T I O N  STOPS THE FOHwLOOP I F  

* L '  C O Y T A I N E n  FEWER THAU 1 @ 0  E L E M E N T S ,  % 
~ ~ T J K I \ ( v ) ;  

L '  ' ;  

x 11 I S  I M P O P T A N T  TO NOTE T H A T  I F  A N Y  TOR-LOOP I S  H A L T E D  B Y  THE ' U N T I L '  
C C N r I T I r l N  B F C O Y I N G  TFtUE,  THE CONTROI V A R I A d L k  I S  NOT RESET T o  ' N I L ' ,  
T t t .  L ( l L T t < O L  V A 4 I A H L E  I S  S t  SET I F  AND ONLY I F  THE FOR-LOOP H A L T S  
i f '  k I  L r ( i , E ,  UOT !7UE TO TNt: " JNT IL  ' C O N D I T I O N ) ,  I N  THE ABLIVC CASE,  
* - - i  * . ~ I " A ~ . , $   HAT I J F  O ~ T Q I ' ~  T l l E  LELIJtTld OF THE L I S T  ' L '  - -  I N  THE 

I t - t a ?  V G L I I ~  OF ' I *  - -  A S  r 5111E E F F E C T  OF R E V E R S I N G  i T .  
I - I , t  t C I F I C A L L Y  3ESIl;r.IEU 1 0  F A C I L T T A T F  S J C H  ' S I M U L T A N E O U S '  
F E  + F  o v u :  .r 'F OF i lF 'FShTIO115,  :< 



9 

< t  

R E v E f i S E 7  : =  * L ;  H E V E R S E J A ( L , M ( L ) J  
% AhUTHER k a Y  OF W R I T I N G  kEVgRSEb, Y 
% T k l q  DOES NOT HF13111RIE AI\Y BE~C;INIL:~O, NEk u L C & A R A T I O N S ,  OH RETUkN 

STATEMF-NT,  X 
% I T  ALSO P R E S E R V E S  THE L t N G T H  OF ' L *  I N  THE C L O A A L  V A R I A B L C  ' L E N ' ,  X 

f i t b € K S c / A  : =  # C , b :  
I F  h U L L  L  THEN N I L  E&SL 
F f H  L E t v + l  1 0  $ E B  0 0  0 0 2 ( V  r C A M ( L )  CONS VIL * S O R t C ) )  U N T I L  NULL L i  

CL2 : =  k 4 , d :  a ;  
% ' r U 2 '  13 L I K E  FF(GC;L, FYCEPT T t i A t  n02 HETURNS THC V A L U E  Of I T 9  F I R S T  

A k C J M K N T ,  % 
C 

~ ~ # t b # ~ l t 9 ~ # t # f k # # d d r t # 1 # # 4 # # # ~ # d # ~ # ~ k # # # # # # # # # # # # # ~ # # # k # # # # # ' # # # # # # # # # # # # %  
% u b # i i ~ # # ~ & u ~ a b ~ #  ExLCu'FlOh B r G l N S  M E R E  Y # P # # # ~ # # # Y # # # ~ x  
~ P a # b u ~ ~ ~ n n ~ a ~ l ~ b a # k r ; n ~ a n t r u ~ 1 1 # ~ # 4 4 ~ # d ! ~ n # # # ~ # ~ # # # ~ # ~ # ~ # ~ # # ~ U # f l # # # # # ~ # # # ~ %  

C1 

L k P R L T S T  * ( 4 E V L v G i F 1  qUVt.HkiE2 H E V t R S E 4  H L V E H S E 5 )  ; 
I F A r N L l S T  + ' ( H l  V r 2 5 E 3  WEVE'<S[b H E V F R S E 7 )  i 

% dFAD 114 PKST L I S T S  I J N T I I  THE ATOM ' S T O P t  I S  ENCOUNTEfIED % 

P K 1 4 1 h T ~ ( " T Y k J E  A L I S T  TO UE t 4 E V t i R S E n o w ) ;  
h l -11  t. (L. * 1 : F A 3 ( ) )  Y E 0  ' S l O P  0 0  

b F ~ , T l u  J E % ~  I 'UNCLIST ,FOh lCNAMk , F U L J C i  S P E C I A L  F'VNCL IS ' r ,F 'UNCNAME,FUNCi  
T t F ; F . 4 1 ( ) ;  % S K I P  A LINE. I N  THE OUTPUT % 
i h I J T S T ~ ( ' ~ T Y E  T E S T  6 13.1 IS " CAT S T R I N G ( ( ) ) ;  
*, C(JL.LTLT 1;)f;i;THf:R TbtF: P I I L C T I Q N  L I A M E S  A P P L I E D  TO THE T E S T  L I S T  % 
T ~ J I J U L I S T  c F I ) ~  F I I N C V A ~ ~ .  I J t X P R i T S T  C t l L L E O T  <<FUNCNAME,< 'UUOTE,L) ) ) r  
T d ' , c ~  ['T c F IJ',C'I,.IST ,.I t 33  FU-iGNAbl€ I N  FEXPRL [ S T  COLCECT (F'UNCNAME CONS 4); 
it!, + t 4 ;  X R E S E T  THC L I S T  LFb jGTH,  X 

'; F V A L c t A T E  ALL OF T d E  f l l f \ l : T I Q l y S  L I I T H  TI.IF. TCST ARGUPENT X 
Fbk  t i J i4C I I L  F UrJCL I ST 3 0  
T t f - I  \! X F N  S T A Q T ;  

P k l h l T  ( L ; ~ ~ ( F I J L C )  ; % P R I N T  O U T  THE F U N C T I O N  NAME % 
S T A F T  * T I Y F O ;  X ' T I M F O P  YIELOS THE CURRENT T I M &  

I N  M I L L I S E C O N D S  X 
P r c I h T ( t ; v A L ( F u : . ~ c )  1 ;  % E V A L I I A T E  THE F U N C T I O N  X 
P H 1 ? , T ~ ( T I M L 0 - S T P 4 T ) / 3 . 3 C I v j e / I ) ;  X P R I N T  T H F  T I M E  dEQLJIPEQ % 
~ U I K T ~ T I ~ ( ~ S F C \ ~ )  ; 
i t  5Pki ( 1 :  X S K I P  A  L I N E .  I N  THE ULJTPtJT X 

F ; 

? Tu; LL tdGTH 'LE.4 '  I S  u b T A l V t 9  Fr+DY H E V t P S E 7 .  Z 
; n l \ l  S T h ( " T H f  CC'JCTM OF Tqr l C $ T  LIST k A S  " C A T  L E N ) ;  
T t G P * I ( ) ;  T E F P H I O :  
F K I , ~ ~ S T K ( " T Y I ' F  4NClTHFd L I S T  T 3  JF REVLASEU,  17H ' S T O P 4 " )  

t 4 J ;  

" / P L Y  I. l c P  11Hb!;H4'1, I N T O  kbl1C1-I T t i I S  M L I S P  PdOCRAM ( S  THAPI'SLATkD, I S  
L IsTt - f :  T'4E FOL1.3dING P A C Y S ,  I T  M A S  Y E F a I  F H I N T ~ I J  U S I N G  A  
j; A i \ t  O - c 8 r - ~ h  1 T T W  F'J IJ [ :TION CL\LCL'?  ' F R  IFJDEF: ' Ah1 S-F'XPRESSIO.\ I  UN-CRUMCHEH, 
~h T h F  +AGE! ;  F O L L O W I X C  T H A T  I 3  l'HF FOMPCETE T F L h T Y P F  L I S T I N G  O f  A  P R U t R A M  
k l  '". '4 

f- :\ r , 

( u F F F d r V  L X P H L I S T  T  S P E C I A L )  
( L E F E H C P  F E X P R L l S T  T S P E C I A L )  
(CEFFdCf- '  L t N  T S P E C I A L )  
( L F F F H C V  L  T  S P E C I A L )  
( C r F C d C P  1 7 S P E C I A L )  
( r ; E F F F r F  L T S P k C I A L )  
( :FF F r (TP  b O N L L I S T  7 S P E C I A L )  
(,FFF: drt' F L I ' ITFJAMF T S D L C I A L  ] 
: ; ck r  < - r '  F, I ' JL  T S ? E C : r l )  

' -  t - . - , t? 

, ) ; t ', t - St.:& L FJII.) ) 

,*;. It  

(,F F r- k r  Vl 'kSklA 
( L A V ~ ~ A  ( L .  L L )  ( C O h l ?  ( ( N U L L  L )  L L )  ( T  ( R E V L R S E l A  ( C D R  ( C O N S  ( C A R  L )  L L ) ) ) ) )  

F XFi i  

( -; c c  < r t  .,F 8 4 +   SF; 
, :  r b  ',",A : L )  ( dh417 ( (  J;I?C 1.1 ~ I L )  ( T  ( A P P E N D  ( R L V L R S E 2  ( C D R  L ) )  ( L I S T  (CAR L ) ) ) ) ) )  

, L - r >  
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( O E F F Y C V  R E V E R S E S  
( L A V Y r A  ( L )  ( P R O C  ( I  V )  ( : C O R Q O  ( Q U Q T F  I) T  4 ( Q U O T E  ( S E T 0  V ( C O N S  I V ) ) )  N I L )  ( R C T U R N  V ) ) )  

F E X P F  

( C E F F H C P  H F V E H S E 4  
( L A C U C A t L )  

( P W C  ( \ r )  ( :WHILSI)O ( Q ~ J O T E  4 1  (OIJOTE IPROG? ( S E T Q  v ( c o w  ( C A R  L )  v ) )  ( S E T Q  L ( C D R  L ) ) ) ) )  (RETURCJ v ) ) )  

E X P H )  

( C E F F H C P  tdFVERSE5 
( L A C Y ? A ( L )  

c c c m  ( ( N U L L  L )  N I L )  
( T  

( P R O G  ( V )  
( : D O U N T I L  ( Q O Q T E  (PRWCZ ( S f T Q  V  ( C O N S  ( C A R  L )  V ) )  ( $ E T Q  L  ( C D R  L ) ) ) )  ( O U Q T ~  ( N U L L  L))) 
( R E T U R d  V ) ) ) ) )  

E I F H )  

( G E F F d r P  R E V E R S E 6  
( L A V U C A ( L )  

cccur  ( W U L L  L )  UIL) 
( 1  

( F R O G  ( I  V )  
( : F O R L O O P  ( Q U O T E  I )  

( Q U O T E  ( 1 0  1Bn, 1,)) 
T  
( Q U O T E  ( P H O G 2  ( S E T 9  V  ( C O N S  ( C A R  L )  V ) )  ( S E T 0  L  ( C D R  L ) ) ) )  
( Q U O T E  ( N U L L  L ) ) )  

(RETIJRW V))))l 
F L X P R )  

( G E F F H C F  RFVE'RSE7A 
( L A b ' d r A ( 1 .  k )  

( C c N r  ( ( P i U L L  L )  Y I L )  
( T  

( : F U H L U O P  ( UUD I'E L C N )  
( n u o T c  (1, i u a ,  1, ) )  
T 
( Q U O T E  (002 ( S t T Q  V  ( C O N S  ( C A R  L )  V ) )  ( S f T Q  L  ( C D R  L ) ) ) )  
( QUOTt. ( : N U L L  L  1 )  ) ,  

E X F M )  

( G E F F t t C P  l ~ 0 2  
( L A P U C A  ( 4  R )  A )  

E X F H )  

( L T F F I ~ C ?  d f $ T A R T  
( L A P d ! : A  u I C  

( P G [ j C  ( L x P H L  I S T  F S x P R L I S T  CCh)  
( S C T O  E X P R L I S T  ( Q u O T t  ( R E V E R S C I  R E V E R S E 2  R E V E R S E 4  R E V S R S S 5 ) ) )  
( S E T O  F E x P R b I S T  ( Q U O T E  ( R L V t R S F 3  R E V E R S E 6  R E V L R S E 7 ) ) )  
( P Y I N T S T H  (QI I fJTE ( T  Y P E / A  / L  I S  T  / T 0 / 8 E / R E  Y E  R $ E D / , I ) )  
( : r lHI I .E00 ( Q U O T E  I N E r J  ( S E T I I  L ( H E A D ) )  ( Q U O T E  S T O P ) ) )  

( Q V O T t  
( P R ! ) i  ( F V N C C  IS1 611NPVAME F UWC) 

( T E H P R  I 1 
( P q I N T S T h ?  ( C A T  ( Q U O T E  ( T  Id E / T  E 5 T  / I,, I S T  / 1 S / ) )  ( S T R I N G  L))) 
( S C T i J  F IINGL I S T  

( : F O R L I q T  ( 0 4 U T E  F U N C N A M E )  
T 
EXPRL I E T  
( Q U O T E  ( L I S T  ( L I S T  F U N C N A M E  ( L I S T  ( Q U O T E  Q U O T E )  L ) ) ) )  
N I L )  

( S E T Q  F U N C L  1 3 7  
( 4PI ' tP;O FUNC:L I S T  

( : F O R L I S T  ( Q U O T E  F U N C N A M E )  
7 
F E X P R L  I S T  
( Q U O T E  ( L I S T  ( C O N S  F U N C N A M E  L ) ) )  
V I L ) ) )  

! ? K T 7  kt .4  3 . )  
( : t-oRI)c c JJn r r  FUNC 

I 

1 '1'4r-L I S T  
i .:jPTr 

( P F J C  ( S T A R T )  
( P R I N T  (FAR F U N C ) )  
( S E T Q  $ T A R T  ( T I M E ) )  
( P R I N T  ( E V A L  F U N b ) )  
( P R I N T  ( Q U O T I E N T  ( D I F F E R F N C E  ( T I M E )  S T A R T )  & B 9 8 , i J ) )  
( P R I N T S T R  ( Q U O T E  ( S  E c s ) ) )  



( P R  I N T S T H  
( C A T ( Q U O T E t T H t /  L E N G T H /  O F /  T H E /  T E S T /  b I S T /  W A S / ) )  

L E N ) )  
( T E H P R  I )  
( TEHPR I 
(PR 1 NTSTR 

( QUOTE 
( T  Y 

P 
C: 
/ 
4 
N 
0 
7 
H 
E 
H 
/ 
L 
I 

? 
/ 
T 
0 
b 
I3 
F; 
/ 
I? 

L 
v 
E 
H 
3 
f 
3 
I I 

/ 
0 
f4 

/ 
t 

S 
7 
u 
I-' 
' ) ) ) ) I ) ) )  



* 
REVERSE1 
REVERSE 1 A 
REVERSE2 
REVERSE3 
REVERSE4 
REVERSES 
REVERSE6 
HEVEeSE7 
REVERSE7A 
DO2 
tiESTAr?T 
* 
6.68800BQ SECONDS COMPILATION TIME 

1281.8181 LINES PER MINUTE COMPILATION SPEED 

NO ERRORS WERE DETECTED 

NO FUNCTIONS NERE REDEFINED 

TYPE A LIST TO BE 3EVERSED. 
* < A  3 C 0 E l  

THE TEST LJST IS ( A  B C O E) 

REVERSE1 
CE O C B A )  
@. 32999999E- 1 SECS 

REVERSE2 
CE 13 C 13 A) 
G~~.3%999999E- 1 SECS 

AEVE2SE4 
(E I) C i3 A) 
0.32999999E-1 SECS 

4 E V E d S E 5  
CE Il C B A )  
Q.33Q99999E- I SECS 

8EVERSE3 
(E  D C B A )  
0032999999E- 1 SECS , 





'I'HE TEST LIST I S  NIL 

d E V E R S E 1  
N I L 
flo 16999999E-  1 SECS 

dEVERSE2 
N I L  

SECS 

" IEVERSE4 
NIL 
OoC7r SECS 

Z E v E H S E 5  
NIL 
0 0 1 6 9 9 9 9 9 9 E - 1  SECS 

dEVEHSE3 
N I L  
P o l J  SECS 

!ZEVEASE6 
NIL 
?lo 16999999E- 1 SECS 

TYPE ANOTHER LIST TO BE 2EVEt3SEDs 013 ' S T O P '  
* < ~ H C t ) E k ' G ~ I I J K L M N O P ~ d $ T U t  + d X Y Z )  



:1<.~11rj\SE6 
( 7  Y X (4 V 'J 'I' ,L, IT: fJ P 0 N IY L K r l  I M i2 F E D C d A) 

! tj:?'?i9OirlV) SECS 

1 4 ~  LLi\1brl'h OF THE ii7ST LIsl' 26  



5 4  53 58 51 SO 49 45  47 46 45 44  43 42 41 4C4 3 9  38 3 7  3 6  3 5  3 4  3 3  3d 
31 363 29 28 27 26 2 5  2 4  23 22 21 28 19 1Y 1 7  16 1 5  1 4  13 12 1 1  18 9 
7 6 ' 5 4 3 2 1 )  
1.  (4 17Q50t443 SECS 

IIE\/Et?SE4 
(1(;?$3 99 98 97 96 9 5  9 4  93 92 91 90 89 88 87 96  8 5  8 4  83 82 8 1  80 7 9  7 
R '77 7 6  7 5  7 4  73 72  71  78  69  6 8  6 7  66 6 5  6 4  63 62 61 60 59 58 57 5 6  5 3  

5 4  5 3  52 51 50 49 48 47 46 45 44 43 42 41 40 39 38 3 7  36  35 3 4  33 32 
31 3 3  2 9  28 27 26  2 5  2 4  2 3  22 21 20 19 1 8  17 16 15 1 4  13 12 1 1  1 @  9 6; 
7 6 5 4 3 2  1)  
0.61 599999 SECS 

r.;EVEr\rSES 
< l @ a  99 98 97 96 95 94 93 92 91 9@ 89 88 R 7  86 8 5  A 4  8 3  82 81 HP) 7 3  7 
8 7 7  7 6  7 5  7 4  7 3  72 71 70  69 68 6 7  66 6 5  6 4  6 3  62 61 6 @  5 3  58 57 5 6  5 5  

5 4  5 3  5% 51 '563 49 48 47  46 45 44 43 42 41 40 39 3 6  37 36 3 3  34 3 3  3% 
31 3fl 29 28 27 26  2 5  2 4  2 3  22 21 28 19 1 X  17 16  15 14  13 12 1 1  I @  9 8 
7 6 5 4 3 2 1 )  
I?. 54999999 SECS 

~ E V E I ~ S E ~  
C1913 99 38 97 96 9 5  94 9 3  92 91 9fl 8 9  88 8 7  86 8 5  K 4  8 3  82 81  8 0  79 7 
8 7 7  7 6  7 5  7 4  73 72 7 1  7 0  69 68 6 7  6 6  6 5  6 4  6 3  6 2  61 60 59  58 57 5 6  5 5  

5 4  53  52 51 5@ 49 45 47 46 45 44 43 42 41  4@ 39 38 3 7  36  3 5  34 3 3  32  
31 3 3  R 9  28 27 26 2 5  2 4  23 22 21 20 19 1F 17  16  1 5  1 4  13 12 1 1  1 M  9 Y 
7 6 5 4 3 2  1 )  
!1* 534E10QQ8 SECS 
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