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SECTION 1

I n t r o d u c t i o n

M L I S P Z  i s  a  h i g h - l e v e l , L ISP-based  p rogramming  language  recen t l y

d e v e l o p e d  a t t h e  S t a n f o r d  A r t i f i c i a l I n t e l l i g e n c e  P r o j e c t . The

1 anguage has b e e n  o p e r a t i o n a l  f o r : two years ,  and the deve I opmen  t a 1

phase of it has been completed. This is a final r e p o r t o n  t h e

1 anguage.

MLISP2 i s  s p e c i a l  ly t a i  lored  f o r  w r i t i n g  t r a n s l a t o r s f o r  o t h e r

I anguages. T o  t h i s  e n d ,  t w o p o w e r f u l  c o n t r o l  s t r u c t u r e s have been

a d d e d  t o a n  o r d i n a r y  L I S P  b a s e :  p a t t e r n  m a t c h i n g a n d  b a c k t r a c k i n g .

T h i s r e p o r t  s e r v e s the  dua l purpose  o f e x p l a i n i n g o u r  p a r t i c u l a r

v e r s i o n  a n d  u s e  o f  t h e s e  c o n t r o l  s t r u c t u r e s ,  a s  wel I  a s  s e r v i n g as a

u s e r s ’ m a n u a l  f o r  anyone w a n t i n g  t o  w r i t e  M L I S P Z  p r o g r a m s ,

A c t u a l l y ,  MLISP? is a t r a n s i t i o n a l  l a n g u a g e . L a u r e n c e  T e s l e r

a n d  t h e  a u t h o r s  a r e presen t l y  imp lement ing  a  language c a l l e d  L I S P 7 0

w h i c h wi I  I  i n c l u d e and (for most al~p  I i cat i 017s) s u p e r s e d e  MLISP2,

M L I S P  a n d  L I S P . There fo re , perhaps it is w o r t h w h i l e t o  b r i e f l y

j u s t i f y  t h e  c u r r e n t  r e p o r t , Many o f  the  concepts  deve loped in  MLISPZ

a r e be i ny used i n  L I S P 7 0 , though s o m e  o f them a r e  u n d e r g o i n g

e x t e n s i v e  r e v i s i o n s . But more i mpor tant i y, M L I S P Z  i  s a n  e x t r e m e l y



I

e f f e c t i v e tr-ans I a tor- clr  i t i ng sys ten:. i t c l e a r l y i s o l a t e s some

genera  I p r i n c i p l e s t h a t n;ay p r o f i t a b l y  b e i n c o r p o r a t e d i n  o t h e r

sys terns. T h i s  r e p o r t  c o n c e n t r a t e s  o n the n a t u r e  o f  t h e s e  p r i n c i p l e s ,

hoI4 t h e y  a r e  imp I emented, a n d  hoi-1 they  a re  mos t  e f  feet i ve l y  used ,

S i n c e  t h i s r epor t enip ha s i ze s t h e  r e s e a r c h  a s p e c t s  o f  MLISP2, t h e

user-s nianua I aspec  t necess:ir-  i I y i s someI,iha t i ncomp  I et e. T h i s  r e p o r t

i s  n o t  a  c o m p l e t e  d e s c r i p t i o n  o f  t h e  l’+iLISP2  l a n g u a g e . Rather it is a

s u p p l e m e n t  t o  t h e  ULISP  u s e r s ’ mawa  I EI, a n d  i t  o n l y d i s c u s s e s  i n

d e p t h  t h e  di f ferences (ma i n I y add i t i ohsi be tween MLISP2  and

H i  s t o r y

MLISPC i s the latest in a con t i riu i fig deve I opnlen  t

process i ng p r 0 1;: r a Ii1 111 I n g l a n g u a g e s . T h e  p r o g r e s s i o n ,

capabi I i ties, i 5:

LISP -+ MLISP + MLISP; -a itISF3701,

-. 1

MLISP.

I
-.d

o f  Iist-

b a s e d  o n

Idhere L I S P 7 0  h a s  n o t been conq2  I e ted a t  t h e time o f t h i s  IJri ting.

llL I SP i2.63 i s a progratuln  i ng j E~~CJU;~CJP  based on L I SP 141 . MLISP

progratw  a r e t r a n s l a t e d  t o  L I S P  and t h e n  e x e c u t e d  o r  compi  l e d  t o  L A P ,

T h e  advantage o f  M L I S P  o v e r  L I S P  i s  p r i m a r i l y  n o t a t i o n a l : the MLISP

no tat i oh makes i t eas i er t o  r.lrite ani understand  L I S P  p r o g r a m s .  I n

a 3 :i i t i 0 n , c e r t a i n  I  i s t - p r o c e s s i n g d e f i c i e n c i e s  i n  L I S P  a r e  r e m e d i e d

i see the- KLiSP manual). 1: i ! 1; F 2 i s  a n  e x t e n s i o n  o f M L I S P ,  o r i g i n a l l y

c r e a t e d  f o r  t h e  f o l  loi-iing  rezsons:

-.

- (



S e c t i o n  1 I n t r o d u c t i o n

1 .  T o  m a k e  t h e  s y n t a x  o f  M L I S P  m o r e  e a s i  ly m o d i f i a b l e .

2 .  T o  p r o v i d e  a  v e h i c l e fo r  eas i  ly i m p l e m e n t i n g  compi  l e r s f o r  o t h e r

I anguages.

3 .  T o  a d d  b a c k t r a c k i n g  a s  a  c o n t r o l s t r u c t u r e , mak ing  MLISP a  more

u s e f u l  l a n g u a g e  f o r  h e u r i s t i c  p r o b l e m s .

T h e  M L I S P Z  a n d  M L I S P  l a n g u a g e s  a r e  s e p a r a t e  a n d  h a v e  s e p a r a t e

c a p a b i  1 ities. S i n c e  M L I S P  i s  s i m p l y  a  m o r e  c o n v e n i e n t  n o t a t i o n  f o r

L I S P ,  i t i s  s u i t a b l e f o r  e x a c t l y the same t a s k s  a s  L I S P . MLISPZ

p r e s e r v e s t h e  l i s t - p r o c e s s i n g c a p a b i l i t i e s  o f L I S P ,  b u t i t has  a

s u b s t a n t i a l  ty m o d i f i e d a n d augmented env i ronmen  t tai lored f o r

e f  f e c i e n t  b a c k t r a c k i n g  a n d  p a t t e r n  m a t c h i n g , T h i s  e x t r a overhead i  s

u n n e c e s s a r y  f o r  s i m p l e  l i s t - p r o c e s s i n g  t a s k s .

M L I S P Z  i s  m o s t l y  u p w a r d l y  c o m p a t i b l e  w i t h MLISP; MLISPZ

d i f f e r e n c e s are m a i n l y i n t h e  f o r m  o f a d d i t i o n s to MLISP. We

c l a s s i f y  t h e  d i f f e r e n c e s  b e t w e e n M L I S P 2  a n d  M L I S P  a s  e i t h e r  “ m a j o r ”

o r “ m i n o r . ” T h e  m a j o r  c h a n g e s  m o d i f y  t h e  c o n t r o l s t r u c t u r e  o r

e x e c u t i o n e n v i r o n m e n t  o f MLISP: they s u b s t a n t i a l l y a l t e r i t s

capabi I  i  t ies, For examp I e, the SELECT expression ( b a c k t r a c k i n g )  a n d

t h e  L E T  e x p r e s s i o n (extensibi  lity) are major changes, The  m ino r

changes a r e m o d i f i c a t i o n s t o  M L I S P , hopefu l  Iy i n the f o r m  o f

improvements ,  wh ich  do n o t  s u b s t a n t i a l l y  a l t e r  i t s c a p a b i l i t i e s  b u t

phi ch make i  t m o r e  c o n v e n i e n t  t o  u s e . For examp I e, t h e  DOT n o t a t i o n

and the RECOMPILE expression are minor changes.



T h e  main product i  ons needt?d  to u n d e r s t a n d  t h e  M L  I  SP2 I anguage

are PROGRAM, EXPRESS I ilN, FEIMAh”Y, SiMFEX a n d  B A S I C . T h e  m a i n

pr oduc t i on needed t o  u n d e r s t a n d  t h e extensibi I i ty mechanism i n  t h e

I anyuage i s  L E T . The main p r o d u c t i o n n e e d e d  t o u n d e r s t a n d  t h e

nacktracking  faci I i t y  i s  S E L E C T .

- i
t
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Backtrackinq

MLISP2 m a k e s  h e a v y  u s e  o f  b a c k t r a c k i n g [3,71. T h e  p a t t e r n

m a t c h e r  ( s e c t i o n  7) u s e s  b a c k t r a c k i n g  i n  i t s  p a r s i n g a I gor i thm, The

SELECT express i on (sect ion 81 p r o v i d e s a means f o r t h e  u s e r  t o

i ncorpora  t e back track i ng i n t o his a l g o r i t h m s . T h e r e f o r e , it is

n e c e s s a r y  t o  d e s c r i b e  e x a c t l y !--dhat  b a c k t r a c k i n g  m e a n s  i n the MLISPZ

I anguage.

A s  IJas p o i n t e d  o u t  i n  171, t h e r e i s  n o  u n i v e r s a l ag reemen t  on

t h e mean i ng of back track i ng. Every i nip I ementat  i on has produced  a

s l i g h t l y d i f f e r e n t  i n t e r p r e t a t i o n , Our view most c l o s e l y  fol l o w s

F l o y d ’ s t h e o r e t i c a l s y s t e m  131 in i t s  g o a l s , though n o t i n  i t s

i ni p I e m e 17 t a t i 0 n . T y p i c a l  l y  i n h e u r i s t i c  p r o g r a m s t h e r e a r e  p o i n t s

w h e r e  s e v e r a l  a l t e r n a t i v e  s t r a t e g i e s  m i g h t  b e  t r i e d ,  w i t h n o  c e r t a i n

knoL1  I edge o f LJhich o n e w i l l  b e  s u c c e s s f u l , I n  t h i s s i t u a t i o n  t h e

programmer wants to be a b l e  t o try one o u t ; b u t i f i t i s

u n s u c c e s s f u l ;  h e  w a n t s  t o  b e a b l e  t o  p r e t e n d  h e  h a d  n e v e r t r i e d  i t ,

s e l e c t  a n o t h e r  a l t e r n a t i v e , a n d  t r y  t h a t  o u t . I n  t h i s  w a y  h e  w i l l

e i t h e r  f i n d  a s u c c e s s f u l s t r a t e g y  o r  r u n  o u t  o f a l t e r n a t i v e s . T h i s

i s  data b a c k t r a c k i n g ,  t h e r e s t o r a t i o n  o f changes t o  v a r i a b l e s ,

6obrow p o i n t s  o u t Cl1 that i t i s a I so some t i mes u s e f u l t o  h a v e



S e c t i o n  2

contra  I

d o e s  llot

a n d  d a t a  b a c k t r a c k i ng separate I y programniab  I e, t h o u g h  rLISP2

t  t h i s .

B a c k t r a c k i n g 6

The state of a c 0 nip u t a t i 0 ii a t a n y  p o i n t i s c 0 mp I e t e I y

r e p r e s e n t e d by a “ s t a t e v e c t 9 I‘ ‘I c o n s i s t i n g o f  t h e v a l u e s o f  a l l

v a r i a b l e s i n  t h e p rog ram,  p I us s y s t e m  v a r i a b l e s I i ke the program

c o u n t e r , I/B p o i n t e r s ,  e t c . E v e r y  t i m e  5 c o m p u t a t i o n  i s  b e g u n  w i t h

t h e  s a m e  s t a t e  v e c t o r , t h e  r e s u l t s  a r e  i d e n t i c a l . A  “ d e c i s i o n  p o i n t ”

i s  a  P o i n t i n  t h e  c o m p u t a t i o n  a t  crhich a  c o p y  o f  t h e  s t a t e v e c t o r  i s

s a v e d  ( i n memory o r o n  seconciarY  s t o r a g e ) . I n  MLISP?  n o t  t h e  e n t i r e

s t a t e  v e c t o r  i s  s a v e d , j u s t  t h e “ i n c r e m e n t a l  s t a t e  v e c t o r ” - -  those

v a l u e s t h a t have changed s i nce t h e  v e c t o r LJ a s l a s t saved, The

p r o c e s s  o f  r e s t o r i n g  a  c o p y  o f  t h e  s t a t e  v e c t o r ,  t h u s  w i p i n g out al 1

changes to var. i ab I es s i nce the copy was made, i s cal  l e d

“back t rack  i  nq”! T h e  complete  s t a t e o f  a  c o m p u t a t i o n  i s r e s t o r e d  t o

i t s  v a l u e  a t  t h e  d e c i s i o n  p o i n t , iust a s  i f  n o t h i n g  h a d  b e e n  e x e c u t e d

b e y o n d  t h a t  p o i n t . T h e  oniy excep t i on i s  t h a t  t h e p r o g r a m  c o u n t e r

may be changed. s o  t h a t  e x e c u t i o n  pic.ks u p  a t  a  d i f f e r e n t p l a c e  i n

t h e  c o d e .

T h e  tli I SF’2 progra~ll~~ier  m a y  c a u s e  b a c k  t r a c k  i  ng b y i n v o k i n g  t h e

intrinsi-c f u n c t i o n  FAILUZEO. E x e c u t i n g  FAiLURE bli I  i  c a u s e  t h e  s t a t e
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v e c t o r  t o b e  r e s t o r e d t o  t h e  v a l u e i t  h a d  Mhen  t h e l a s t  d e c i s i o n

p o i n t  w a s encoun te red . T h e r e  i s n o  f a i l i n g  t o l a b e l s ,  a s in some

s y s t e m s . Rather “ f a i  l u r e ” i n  MLISPZ m e a n s  ( l o o s e l y ) :  “ A l l  I  k n o w  i s

that I do n o t  h a v e  t h e  v a l u e s 1 n e e d  t o  b e  s u c c e s s f u l . T h e r e f o r e ,

b a c k  u p  t o  t h e  l a s t  g u y  w h o  h a d  a  c h o i c e  t o  m a k e ,  a n d  l e t hi m c h o o s e

s o m e  o t h e r  a l t e r n a t i v e . ”  T h i s i s  e n t i r e l y  c o n s i s t e n t  w i t h o u r  s t a t e

v i e w o f  b a c k t r a c k i n g . F A I L U R E  a s s e r t s  t h a t  a  s t a t e  w h i c h  c a n n o t

succeed  has  been  reached . U n l i k e  F l o y d ’ s  s y s t e m ,  t h e r e  i s  n o  S U C C E S S

f u n c t i o n  i n  MLJSP2: s u c c e s s  i s  t h e  a b s e n c e  o f  f a i l u r e .

There a r e  t w o f i n a l e l a b o r a t i o n s  t h a t have to be m a d e .  W e

s t a t e d  a b o v e  t h a t u p o n  f a i l u r e  t h e  s t a t e v e c t o r  i s  r e s t o r e d t o  t h e

v a l u e  i  t h a d  idhen t h e l a s t  d e c i s i o n  p o i n t  w a s  e n c o u n t e r e d . T h i s  i s

n o t  e n t i r e l y  t r u e . Jt i s  p o s s i b l e  t o change the  saved  copy o f  t h e

s t a t e  v e c t o r , thus  chang ing  the v a l u e s  t h a t  w i l l  b e  r e s t o r e d when a

f a i  l u r e  o c c u r s . Jn t h i s  ~.~ay, a n  u n s u c c e s s f u l  a l t e r n a t i v e may pass

b a c k  t o  t h e  d e c i s i o n  p o i n t i n f o r m a t i o n  t h a t  m a y  b e  u s e f u l i n  t r y i n g

o t h e r  a  I ternat i ves, T h e  MLISP2 n o t a t i o n  f o r  t h i s  i s

< v a r i a b l e >  i<context>l  + < v a l u e >

A  s m a l l i n t e g e r  c a l l e d  a  “ c o n t e x t  n u m b e r ” i s  a s s o c i a t e d w i t h  e a c h

d e c i s i o n  p o i n t . I f  n o  d e c i s i o n  p o i n t s  h a v e  b e e n  s e t , t h e  c o n t e x t

number i  s z e r o . Every t i 111 e a d e c i s i o n  p o i n t i s  s e t , t h e  c o n t e x t

n u m b e r i s incremented bY 0175 * Every t i me a  d e c i s i o n p o i n t  i s

d e l e t e d ,  t h e con tex t  number i s decremented by one. T h e  i n t r i n s i c



S e c t i o n  2 B a c k t r a c k i n g 8

f u n c t i o n  C O N T E X T  i) re tu rns  the con tex t  number  cu r ren t  iy i n  e f f e c t ,

t h e “ c u r r e n t c o n t e x t ” . T h u s  c o n t e x t s  m a y  b e m a n i p u l a t e d  b y

f u n c t i o n s , For examp I e,

X DXNTEXTO-11 +- 20

s e t s  t h e  v a l u e  o f  X t o  20 a n d  a l s o  s e t s  t h e  v a l u e  X  h a d  i n t h e  l a s t

c o p y  o f the s t a t e v e c t o r  t o  2 8 . T h e r e f o r e ,  a s  s o o n  a s  a  f a i  l u r e

o c c u r s , t h e value t h a t  ui I I be restored to X will be 20. S e t t i n g

v a r i a b l e s  i n  c o n t e x t  a c t u a l l y  s e t s t h e  v.ariable t o  t h e  v a l u e i n  a l l

c o n t e x t s  f r o m  t h e  c u r r e n t  o n e  b a c k  t o  t h e  s p e c i f i e d  o n e , T h i s  v a l u e

pi I I he r e s t o r e d t o  t h e  v a r i a b l e Idhenever a  fa i  I u r e o c c u r s ,  u n l e s s

t h e  c u r r e n t c o n t e x t  f a l  I s  beiOi4 t h e  s p e c i f i e d c o n t e x t , T h e r e f o r e ,

s e t t i n g  a  v a r i a b l e  i n  c o n t e x t  z e r o  i s  a  g l o b a l  s e t ,  s i n c e  t h e  c u r r e n t

c o n t e x t  c a n  n e v e r  b e c o m e  l e s s  t h a t  z e r o ,

T h e  o t h e r e I abora  t i on concerns i m p I e m e n t a t i 0 n . Much o f  t h e

d i s c u s s i o n  a b o v e  i s concept ua I i n  na tu re  and i s  n o t  t o b e  c o n f u s e d

Lii th t h e  uay MLISP2 i m p l e m e n t s i t . T h e  MLISPZ i m p l e m e n t a t i o n  i s

d i s c u s s e d  i n lrietai  I i n  171, O n e  p o i n t  t h a t shou ld  be b r o u g h t  o u t

h e r e i s  t h a t the a ill  0 u 1-l t 0 i space requ i red to s to re  back t rack  i  ng

con tex t s may become qu i te larrje  i f  m a n y  d e c i s i o n  p o i n t s  a r e set. To

m a n a g e  t h i s ,  a n  i n t r i n s i c f u n c t i o n  FLUSH0 i s  i n c l u d e d  i n MLISP2 t o

f  t u s h  o l d  c o n t e x t s  o u t  o f  t h e  s y s t e m , ?ihenever  t h e  p r o g r a m  r e a c h e s  a

p o i n t  a t  1Jhich i t  i s  c e r t a i n it IJi I  I  n o t  h a v e  t o  b a c k t r a c k ,  i t  s h o u l d

e x e c u t e  FLUSH.

i t i s  p o s s i b l e

(This f u n c t i o n s h o u l d  b e  u s e d  c a r e f u l l y , t h o u g h ,  a s

t o  d e l e t e i n f o r m a t i o n  t h a t  s h o u l d  h a v e  b e e n  s a v e d . )

-



MLISP2

Suntax Sonventions b t h i s  rebort

T h e  folloLling  a r e  m e t a - l i n g u i s t i c  s y m b o l s  u s e d  i n  t h i s  r e p o r t  t o

p r e s e n t  t h e  s y n t a x  o f  MLISP2,

SYMBOLS MEAN I NG

::x I Standard BNF symbo I s.

* LITERAL. A n y  s y m b o l  preceeded  by  a  quo te  mark  o r  any
i d e n t i f i e r  s t a n d i n g  a l o n e  i s  a  l i t e r a l , i . e . s t a n d s
f o r  i  t3el f,
Examples  o f  I  i  te ra ls : IF THEN ELSE ‘10 * ( ‘1

<>

[I *

[I

L. 1.J

L. 1.*1*

NONTERMINAL. A n y  e l e m e n t  e n c l o s e d  i n  a n g l e d  b r a c k e t s
i s  a  n o n t e r m i n a l , o r  in  some cases  a d e s c r i p t i o n i n
E n g l i s h .
Examp I es: <PROGRAM> <EXPRESSION> <PRIMARY>

REPEAT.  E lements  enc losed  in  square  b racke ts  fo l  l owed
by  a  (KI eenel  s t a r  m a y  o c c u r  r e p e a t e d  I y.
Examp  I e: ” [Al *” means “ r e p e a t  A  z e r o  o r  m o r e  t i m e s ”

OPTIONAL. E l e m e n t s  e n c l o s e d  i n  s q u a r e  b r a c k e t s  w i t h
n o  s t a r  o r  v e r t i c a l  b a r s  a r e  o p t i o n a l ,
E x a m l:, I e : ” [Al ” m e a n s “ o p t i o n a l  l y  A ”

ALTERNATIVES. E l e m e n t s  s e p a t a t e d  b y  v e r t i c a l b a r s
i n s i d e  o f square b r a c k e t s  a r e  a l t e r n a t i v e s ,  o n e  o f
Lihich mus t  be  p resen t .
Example: ” [A IB ICI ” means "A or B or C”

REPEAT OF ALTERNATIVES. This should be clear.



Sect  ion  3

[../..I*

Syntax c o n v e n t i o n s  i n  this r e p o r t 10

REPEAT WITH SEPARATORS. If t h e  r e p e t i t i o n  b r a c k e t s
[I* c o n t a i n  a  s l a s h  “/“, t h e n  t h e  e l e m e n t s  b e f o r e  t h e
s l a s h a r e  repe t i t i of7 e l e m e n t s  a n d  t h e  e l e m e n t s  a f t e r
the  s lash  a rc ; s e p a r a t o r s  f o r  t h e m , A t  m o s t  o n e  s l a s h
Gii I I  o c c u r .
Lamp  I e: “IA / ‘(2,” m e a n s  “ r e p e a t  z e r o  o r  m o r e  A ’ s
separated by commas”



MLISPZ

<PROGRAM?, <EXPRFSSION>

i
c

i

I
E-

L

<PROGRAM>

<EXPRESSION>

<PREFIX>

< INF IX>

<ID>

[<EXPRESSION> ';I* -EOF-

[<PREFIX>]*  <PRIMARY>
kINFIX> bPREFIX>h <PRIMARY>] *

<any i d  o r  d e l i m i t e r  d e c l a r e d  a  p r e f i x > [’ @I

<any i d , o r  a n y  d e l i m i t e r  d e c l a r e d  a n  i n f i x >  1’01

<any i d e n t i f i e r  n o t  m a r k e d  a s  a  L I T E R A L >

11

Suntax

t

L

L

A n  MLISPZ PROGRAM is  a  sequence o f  express ions ,  each  fo l lowed by

a semi co I on, e n d i n g  w i t h  t h e  I  i  t e r a l  -EOF-  ( s i g n i f y i n g  e n d o f  f i l e ) .

An EXPRESSION i s zero or more p r e f i x o p e r a t o r s , fol lowed bY a

P R I M A R Y ,  folloLded  a n y  n u m b e r  o f  t i m e s  b y  a  t r i p l e  c o m p o s e d  o f  a n

i n f i x  o p e r a t o r ,  z e r o  o r m o r e  p r e f i x  o p e r a t o r s ,  a n d another PRIMARY,

P r e f i x o p e r a t o r s  m u s t be def i ned to be a  p r e f i x (see t h e  D E F I N E

e x p r e s s i o n i , bu t  any  two-argument func t ion  may  be  used  as a n  i n f i x .

P r e f i x  a n d  i n f i x  o p e r a t o r s  m a y  b e  f o l  loued  b y  t h e  v e c t o r  o p e r a t o r  “D”

( s e e  t h e  d i s c u s s i o n  o f  v e c t o r s  i n  t h e  M L I S P  m a n u a l ) . AnID isany



S e c t i o n  4 <PROGRAMi, <EXPRESSION> 12

i d e n t i f i e r  L.ihich d o e s  n o t  h a v e  t h e  p r o p e r t y  L I T E R A L ; i d e n t i f i e r s  y e t

M a r k e d a s  LITERALs uhen t h e y are used 1di thout a quote mark ’ in

s y n t a x  p a t t e r n s  ( s e c t i o n  7).

T h i s i s  n o t  t h e  s a m e  a s  MLISP’s  d e f i n i t i o n  o f  a  P R O G R A M ,  s o  t h i s

i n  i t s e l f i s  one  o f  the  minor  changes  to  MLISP. In MLISP, a  program

i s:

GEGIN [ < E X P R E S S I O N >  ‘;3* E N D  ‘.

In MLISP2 t h e  e n c l o s i n g  B E G I N - E N D  h a s  b e e n  e l i m i n a t e d ,  a n d  t h e  p e r i o d

a t  t h e  e n d  h a s  b e e n  r e p l a c e d  b.iith t h e  l i t e r a l  -EOF-.

Execut ion

When a program i s  p a r s e d , each express ion i s t r a n s l a t e d  a n d

i m m e d i a t e l y  e v a l u a t e d . T h e  v a l u e  o f  t h e e x p r e s s i o n  ( i f  i t i s  non-

N I L ) i s  pr inted 0 17 the te I etype, T h u s  MLISPZ i s  a  i n c r e m e n t a l ,

conip  i I e-and-execute t y p e  o f t r a n s l a t o r , s u i t a b l e f o r  i n t e r a c t i v e

p r o g r a m m i n g  i n a t i me-shared env i r onmen  t . In f a c t  o n e  m a y  r e g a r d

MLISP2 a s a n  e l a b o r a t e  t e r m i n a l cormand  i anguage wh i ch w i l l  a c c e p t

MLISP2 e x p r e s s i o n s  o n e  a t  a  t i m e  f r o m  a  t e l e t y p e  a n d  e x e c u t e  them “ o n

t h e  s p o t ,  ” pr i n t i ng out e a c h  resui t. A t r i v i a l  a p p l i c a t i o n  o f  t h i s

c.apabi I i  t y  might  be  to  use MLISPZ as  an  add ing  mach ine : type “3+2; ”

a n d  i t  1.ri  I  I  i m m e d i a t e l y  p r i n t ” 5 � l -EOF-  m a y  b e  t y p e d  a t  a n y  t i m e ,

t e r m i n a t i n g the s e s s i o n . I ncrehienta  I t r a n s l a t i o n / e x e c u t i o n i s  a n

i m p o r t a n t  capabi  I  i  t y  i n  a n y  t i m e - s h a r i n g  l a n g u a g e .
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I n  a d d i t i o n  t o  b e i n g  i n c r e m e n t a l ,  MLISP2  i s  a l s o  a n  e x t e n s i b l e

I anguage. EXPFiESSION  m a k e s  u s e  o f  a n  e x t e n s i b l e  p r o d u c t i o n  P R I M A R Y ;

a t  a n y  t i m e  t h e  p r o g r a m m e r may enrich the MLISPZ I anguage by  mak ing

e x t e n s i o n s to PRIMARY. S e c t i o n  ? e x p l a i n s  t h i s i n detai I. In

add i t i on, PRIt'lARY o r  a n y o ther  p roduc t ion  in  MLISPZ may b e  r e p l a c e d

6zntirely, i n c l u d i n g  P R O G R A M  i t s e l f . Rep lac ing PROGRAM produces a

c o m p l e t e l y  neL1 l a n g u a g e . I n  t h i s  w a y  t r a n s l a t o r s  h a v e  a l r e a d y  b e e n

p r o d u c e d  f o r E n g l  i s h ,  F r e n c h ,  L o g i c  61, A L G O L ,  M L I S P Z i t s e l f  a n d

o t h e r s , some o f  t hem by  p rog rammers  rJi th no experience i n  t r a n s l a t o r

c/r i t i ng. None o f  t h e  M L I S P ?  u s e r s  h a v e  e x p r e s s e d  m u c h  d i f f i c u l t y

Lii t h  t h e i r  t r a n s l a t o r s : i n  every c a s e  t h e y w e r e  a b l e  t o d e v o t e  t h e

b u l k  o f t h e i r  t i m e  t o s e m a n t i c  a p p l i c a t i o n s  (e.g. t h e o r e m  p r o v i n g

s t r a t e g i e s )  r a t h e r  t h a n  t o  t h e  m e c h a n i c s  o f  t h e  t r a n s l a t i o n  p r o c e s s .

Comnlen  t s

1 .  O n e  o f  t h e  m a i n  r e a s o n s  MLISP2 i s  s u c c e s s f u l  a s a  t r a n s l a t o r

wr i t i ng tool i s  t h a t  i t  i s  an i n c r e m e n t a l  e x t e n s i b l e  l a n g u a g e ,  I t

f u l f i l l s Bobrow’s recommenda t i on II i : “Rsad i ng a  p a r t i c u l a r

s t a t e m e n t  s h o u l d  b e  a b l e  t o change  the  g rammar  at that t i m e , f o r

some def i ned scope. ” ihis emphasis) T h e  t r a n s l a t o r s  w r i t t e n  i n

M L I S P Z  h a v e  a l  I  d e v e l o p e d  in th is  way, b y  a d d i n g  a  f e w  p r o d u c t i o n s

at a t i m e  t o the I anguage. T h e s e  c a n  o f t e n be debugged

i ndependen  t I y. flLISP2 p r o v i d e s a  r i c h  e n v i r o n m e n t f o r  d e b u g g i n g
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(c. f. RECOMPILE expression), I n  t h i s  day, tlLISP2 e n a b l e s  t h e

t r a n s l a t o r I.4r i  te r  to e a s i l y  s u b d i v i d e t h e  t a s k  o f p r o d u c i n g  a

t r a n s l a t o r , h-u- thermore, he always nas something w o r k i n g ,  m a k i n g

p r o g r e s s e a s i e r  t o measure, When the set of productions i s

c o m p l e t e , PROGRAM is redefined, p r o d u c i n g  t h e  n e w  t r a n s l a t o r . The

a d v a n t a g e s  o f incremental  programming are o b v i o u s  t o anyone who

h a s  h a d  t o  w r i t e  a n  “al I o r  n o t h i n g ”  p r o g r a m ,  a  l a r g e  b o d y  o f  c o d e

l.lhich a l  I  h a d  t o  b e  c o r r e c t  b e f o r e  a n y t h i n g  w o u l d  r u n .

c)L. MLISP2 i s  a  s u c c e s s f u l e x t e n s i b l e  l a n g u a g e  b e c a u s e  i t s s y n t a x  i s

s i nip I e and c o n c i s e . Given the a b o v e  d e f i n i t i o n s  o f PROGRAM and

EXFRESSION,  a  p r o g r a m m e r  h a s  I  ittle t r o u b l e  c o m p r e h e n d i n g  t h e

e f f e c t s  o f an extens ion to  PRIMARY. Whi le e x t e n s i b l e  l a n g u a g e s

have been around f o r severa  I year 5 (and t h e r e i s now a

p r o l i f e r a t i o n ) , a l l  t o o f r e q u e n t l y  t h e ex tens ion mechan i sm has

b e e n  c o u c h e d  i n c o n f u s i n g  n o t a t i o n  a n d / o r  s e m a n t i c s , mak i ng them

n o t  a t  a l l “ s e l f  e v i d e n t . ” S e l f  e v i d e n t  p r o g r a m m i n g ,  t h e  g o a l  o f

C06OL a n d  a  h o s t  o f  s u c c e s s o r s ,  r e m a i n s  e l u s i v e ,  a n d  M L I S P Z  d o e s

n o t a t t a i n  i t . But i t  h a s  been t h e  g u i d i n g  p r i n c i p l e  i n  t h e

d e s i g n  o f  ritxm A b o v e  a l  I e l s e ,  LJe h a v e  t r i e d  t o  m a k e  MLISPZ

e a s y  to u s e .
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MLISP2

<PRIMARY>

<PRIMARY> ::= <any MLISP express ion>
I
I

<an e x p r e s s i o n  iJhich i s  a n  “ m a j o r ”  c h a n g e  t o  MLISP>
< a n  e x p r e s s i o n  1Jhich i  s  an  “m inor ”  change  to  MLISP>

Scrntax

T h e  p r o d u c t i o n  P R I M A R Y  i s  a n  e x t e n s i b l e  p r o d u c t i o n ( s e c t i o n  71,

a 11 d it is t h e  p r i n c i p l e  m e a n s o f  e x t e n d i n g t h e  MLISPZ  l a n g u a g e .

(BASIC i s the o t h e r main e x t e n s i b l e p r o d u c t i o n . ) In fact, we

d e v e l o p e d  t h e MLISP2 language b y  f i r s t  d e f i n i n g P R I M A R Y  t o  b e  t h e

same as in MLISP, and then e x t e n d i n g  i t f r om t ime t o  t i m e as we

t h o u g h t  u p  neIJ  f e a t u r e s  w e would l i k e  t o  h a v e ! T h e  MLISP2 u s e r  m a y

d o  t h e  s a m e  t h i n g : i f  he  comes  up  w i th  a  use fu l  l anguage f e a t u r e ,  h e

m a y  a d d  i t  a t any  tine to  PRIMARY or  BASIC. The nex t f e w  s e c t i o n s

ciiscuss t h e ex tens ions  the  au thors  have made.

The ma jar c h a n g e s

<LET>
<SELECT>

T h e  m i n o r  changes:

<SIMPEX>
4xorw LE>
<CASE>
<DEFINE>





C‘

e.

L

1

<S I RPEX> ::=

43ASJC> ::=

I
I
1
I
I

<QUALIFIER> ::=

I
I
I

<ARGMIENTS> ::=

dWlPEX>

<BASIC> [<QUALIFIER>J~

<ID>
[OCTAL3 <NUMBER>
<STRING>
3 9 &-EXPRESSION>
(< <ARGUMENTS> '>
' I <EXPRESSION> '1

' ( <ARGUMENTS> '1
' I <ARGUMENTS> 'I
COOT>
['i <EXPRESSION> '11 '+ <EXPRESSION>

[<EXPRESSION> / ’ , I sic

Suntax

O n e  o f  t h e  a l t e r n a t i v e s  o f  P R I M A R Y  i s  SIMPEX. A  S I M P E X  (simple

e x p r e s s i o n )  Cs a bas i c exp ress i on , followed by zero or more

quai ifiers,

A  B A S I C  e x p r e s s i o n  i s  one o f  t h e  f o l l o w i n g :

a .  a n  I D  (any i d e n t i f i e r  w h i c h  i s  n o t  a  L I T E R A L )
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11 . a nunibef (t-e2 I  or i 1-l

DC l-AL

<3 I ilFEX>  ( <EklyC> 17

teger) op t . inns1 ly preceeded  b y t h e  I  i  t e r a l

c. a 5 t r  i  ng (3 5~clufnct”  o f  clisracters enclosed  i n  d o u b l e  q u o t e s  “)

il  .’ a quote mark ’ fo I IOiJed by a  L I S P  s - e x p r e s s i o n

e. aryunients e n c l o s e d  in b r o k e n  !lrackets  <>

f. an express i  on enc I  o.sed i n p a r e n t h e s e s  ()

A  Q U A L I F I E R  i s  o n e  o f  t h e  following:

Zi. a r g u m e n t s  e n c l o s e d  i n  p a r e n t h e s e s  0

11 . at- gunien  t s ehc I osed i n s q u a r e  brack  p t 5 [I

c. a  D O T  e x p r e s s i o n

cj. an ass i gnnien t arroL1 fol lowed by an exp ress i on , o p t i o n a l l y

preceecled  b y Sn e x p r e s s i o n  e n c l o s e d  i n  b r a c e s  Il,

A R G U M E N T S ~11’ e z e r o  o r  niore e x p r e s s i o n s  s e p a r a t e d  b y  conmas  ‘I, ‘I,

SIMFEX

S I M P E X  i s  a  g e n e r a l i z a t i o n  o f  a  p r o d u c t i o n  false c a l l e d  S I M P E X )

i 11 t h e  rusp tr,‘rns I ator. T h e  m a i n  d i f f e r e n c e  i s  t h a t  i n t h e  MLISF2

v e r s i 0 n a n y n u 111  b e I o f  q u a l i f i e r s  niay a.ppear a f t e r  a  b a s i c  e x p r e s s i o n ,

i.rhereas in MLISP only z, fixed number are al loi-red. M u l t i p l e

q u a l i f i e r s i s  j u s t  o n e  o f  t h o s e  c o n s t r u c t i o n s  w e  t h o u g h t  i t wou ld  be

n i c e  t o  h a v e , so l.le added i t one day.
-

T h u s  i n  MLISP2
-_ E
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i s  a l l o w e d ,  wh ile i n  M L I S P  i t  biould h a v e  t o  b e  w r i t t e n

lAMBDA(FN1);  FNl(X,Y,Z);  (FN(A,B,CH  .

T h e  a s s o c i a t i o n  o f  q u a l i f i e r s  i s  t o  t h e  l e f t :  e.g.

< b a s i c >  <qualifier-l> <qualifier2>  <qualifier3>

<SIMPEX>,  <BASIC>

FN(A,B,C) (X&Z)

t r a n s l a t e s  t o

( ( ( < b a s i c >  cqualif

o r  t o  b e  m o r e  c o n c r e t e ,

i erl>I <qua  I i fierZ>) cqualifier3>)

18

FN(A,B,C) (X,Y,Z)  (1,2,3)

t r a n s l a t e s  t o

WFN A B CI X t’ Zl 1 2 3) ,

T h e  o t h e r  c h a n g e s  t o S I M P E X  a r e  a d d i t i o n s  t o  t h e  d e f i n i t i o n  o f

QIJALIFIER. I n  MLISP2 t h e  DOT e x p r e s s i o n ( s e e  t h e  n e x t  s e c t i o n )  i s

a l  l o w e d  t o  b e  a  q u a l i f i e r ,  b u t  n o t  i n  M L I S P . A l s o  t h e  b r a c e  n o t a t i o n

1) on the left of t h e  a s s i g n m e n t  o p e r a t o r  “+” i s  a l l o w e d , and means

t h e  a s s i g n m e n t  i s t o  t a k e  e f f e c t i n  a  c e r t a i n b a c k t r a c k i n g  c o n t e x t

isect i o n  2). However, o n e  r e s t r i c t i o n i s  t h a t  t h e v e c t o r  o p e r a t o r

” 0 ” i s  n o t alloned  t o  b e  u s e d w i t h  t h e  a s s i g n m e n t  o p e r a t o r ” c ” , t 0

simpl  i f y  b a c k t r a c k i n g .

BASIC

B A S I C  i s  t h e  o t h e r  m a i n  e x t e n s i b l e  p r o d u c t i o n  i n  MLISPZ, b e s i d e s
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PRIFIARY. I n t u i t i v e l y , a bas;c e x p r e s s i o n  i s  a  “smal  I  u n i t ”  s u c h  a s  a

s i n g l e i d e n t i f i e r  o r n u m b e r ,  a “kerne  I ” used to bui I d I arger

express i ens. I t i s no t as use fu l as PRIMARY because fewer

c o n s t r u c t i o n s  i n t u i t i v e l y  s e e m  p r i m i t i v e  e n o u g h  t o  b e  B A S I CS . B u t  t o

l e  t o make, suppose

i n  t h e  f o r m

d e m o n s t r a t e  t h e  t y p e  o f e x t e n s i o n  i t  i s  r e a s o n a b

you wanted  to  add  complex  numbers  to  the  sys tem,

# < r e a l  part>,<imaginary  part>1

e . g .
;r”3,21

T h e n  ~01~ cou I d  t y p e

LET COMPLEX (u,REAL,*,  IMAGINARY,*) BASIC =
I ‘# [NUMBERI  ’ , [NUMBERI  I I

MEAN
< w h a t e v e r  t r a n s l a t i o n  i s  d e s i r e d > .

(Thi s  i  s  a  example  o f  a  LET express ion , e x p l a i n e d  i n  s e c t i o n  7 . )

Every th ing e lse  in  S I M P E X  a n d  B A S I C  i s  t h e  s a m e  a s in MLISP.

PROGRAM, EXPRESSION,  PRIMARY, SIMF’EX  and BASIC form the heart o f  t h e

MLISP2 I anguaye. Understand them and you w i I I have a good i d e a  o f

\Jha t  a  I  egcr I MLISP2 program l o o k s  l i k e , as  we l  I  as  how to  change tha t

clef ini t ion.
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6,1SECTION

<DOT>

<QUALIFIER> : := <DOT>

<DOT> : :r *
l kIDENTIFIER>  1 <BASIC>1d-

Suntax

O n e  o f  t h e  a l t e r n a t i v e s  o f  Q U A L I F I E R  i s  t h e  D O T  e x p r e s s i o n .  A

D O T  e x p r e s s i o n  i s  a  p e r i o d  I’.“, f o l l o w e d  b y  e i t h e r  a n  i d e n t i f i e r  o r  a

b a s i c  e x p r e s s i o n . I n  t h e f i r s t  c a s e ,  t h e i d e n t i f i e r  i s q u o t e d  b y

flLISP2, rJhi l e  i n  t h e  s e c o n d  c a s e  t h e  v a l u e  o f  t h e  b a s i c  e x p r e s s i o n  i s

u s e d  u n q u o t e d .

i

i

L
T h i s  i s  a  n o t a t i o n f o r  h a n d l i n g  p r o p e r t y  l i s t s . O r d i n a r i  l y  i t

means  GET, b u t  o n t h e  l e f t  s i d e o f  an a s s i g n m e n t  o p e r a t o r ‘I c II i t

means PUTPROP. (The va I ue o f  t h e  a s s i g n m e n t  o p e r a t o r  i s a l w a y s  t h e

v a l u e  o f  t h e  r i g h t  h a n d  s i d e . ) W h i l e  t h e  d o t  n o t a t i o n  i s  a  s e e m i n g l y

t r i v i a l change, o u r  e x p e r i e n c e has shown that i t i s c a p a b l e  o f

s t r i k i n g  c l a r i f i c a t i o n s  i n  a  p r o g r a m .

P

i

L
i
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A.B trans I ates
A.B ,-- C
A.'B
A.'B + C
A. !B>
A. (B) t C
A. iB+C)  + D

B e  c a r e f u l  a b o u t  t h e  assoc

k.FNoi,Y,Z) t r a n s late5
A. (FN(X,Y,Z))

<DOT>

to (GET A (QUOTE 6))
(PuTPROP  A C ( Q U O T E  BH
G E T  A  WIOTE  Ej)
(PUTPROP  A C (QUOTE 8))
(GET A 6)
(PUTPROP  A  C  Bl
(PUTPROP  A 0 ( P L U S  B  Cl)

i a t i o n  o f  quaI i f i e r s !

to &ET A (QUOTE  FN))  x Y 2)
(GET A (FN X Y ZH

21
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<PRIMARY>

<LET>

: :=

: :=

<LET>

LET < I D E N T I F I E R >  ’ ( <LET VARIABLES> ‘1
C<IDE NTIFIER>l '= 'i <PATTERN> '3

MEAN <EXPRESSION>

<LET VARIABLES> ::= <LET VAR

<LET VARIABLE>

<PATTERN>

<PATTERN ITEM>

<LITERAL>

<TOKEN>

<NONTERM  I NAL>

<INLINE  EXF’R>

<META>

: :=

::=

::=

* .,.=

:;=

: :=

: :=

: :=

::=

I ABLE>  I ’ , <LET VARIABLE>3 Y

<ID> J '>1:

[<PATTERN I TEM>I  *

I’ !I ml C <LITERAL>
1 <NONTERMINAL>
1 <INLINE  EXPR>
I <META> 1

<IDENTIFiER>  1 " < T O K E N >

<IDENTIFIER> 1 <NUMBER> 1 <STRING> 1 <DELIMITER>

'< < I D E N T I F I E R >  '>

’ [ <EXPRESSION> 'I

[<REP>  1 < O P T >  1 <AU>;

[(I 1 01 cAnylJhere  b r a c e s  if m a y  b e  u s e d  i n
p a t t e r n s , p a r e n t h e s e s  0 m a y  b e  u s e d  i n s t e a d >

c

t
i
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Suntax

A

1-1 h i c h

o f  LET

s e c 0 17 d

L E T  e x p r e s s i o n  i s t h e  I i t e r a l  L E T ,  fol lowed b y a n  i d e n t i f i e r

s t h e  n a m e  o f  t h e  p r o d u c t i o n  b e i n g  d e f i n e d ,  f o l l o w e d  b y  a  l i s t

v a r i a b l e s  e n c l o s e d  i n paren theses , o p t i o n a l  l y  f o l  lorJed by a

i d e n t i f i e r  LJhich r e p r e s e n t s  tne n a m e  o f  a  p r o d u c t i o n t o  w h i c h

t h i s  p r o d u c t i o n  will b e  a d d e d  a s  a n  a l t e r n a t i v e ,  followed  by a n  e q u a l

s i g n  “=“, fol l o w e d  b y a  s y n t a x p a t t e r n e n c l o s e d  i n b r a c e s  U,

f o l  lol-led  b y  t h e  I  iteral lIEAN,  a n d  f i n a l  ly f o l  l o w e d  b y a n  e x p r e s s i o n

LJ h i c h r e p r e s e n t s  t h e 5 e 111  3 n t i c s t o  lje e v a l u a t e d  i f the s y n t a x  i s

successf  u I I y riia tcheci, A LET VARIAKE is e i t h e r  a n  I D  o r an aster i  sk

” * ” .

A PATTERN i  s zero or more  tr ip les, e a c h  c o m p o s e d  o f an o p t i o n a l

iol lor.~ed  b y  a n o p t i o n a l sharp s i g n  “#“,exe I mat i on point . ,II ( II

f 0 I I oL4ecl  by one of

a. A  l i t e r a l :  a n  i d e n t i i

( i d e n t i f i e r , number ,

i e r , G r a cl pi o t e 1.11  a r k ’ f o l l o w e d  b y a n y  t o k e n

s t r i n g  o r de I iii: i ter) , I u e n t i f i e r s  n o t

preceedei:l  by t h e  q u o t e III a r k a I- e ;Ilarked wi th t h e p r o p e r t y  L I T E R A L

( a n d  becon,e  e s s e n t i a l  l y  r e s e r v e d  Liords),

b. A nonterr~~inal:  a n i d e n t i f i e r  e n c l o s e d in broken b r a c k e t s  <>,

representing a cal  i o n  a n o t h e r  p r o d u c t i o n ,

c . A n i h I i he express i on: any ML I SP2 express i oh ehc I osed i n  s q u a r e

b r a c k e t s  1;. Dne  s p e c i a l  c o n v e n t i o n :  i f  t h e  e x p r e s s i o n  i s j u s t  a
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s i n g l e  i d e n t i f i e r ,  e.g. [FOOI  ,  t h e n i t  i s  t a k e n  a s  t h e  n a m e of a

f u n c t i o n  o f  n o  a r g u m e n t s ,  F O O O ,  r a t h e r  t h a n  a s  a v a r i a b l e , Thus

[FOOI a n d  [FOOOI a r e  e q u i v a l e n t ,

d. A meta  e x p r e s s i o n :  R E P ,  O P T  o r  A L T .

C a p a b i l i t i e s  o f  t h e  L E T  e x p r e s s i o n

T h e  L E T  e x p r e s s i o n  i s  c o m p o s e d  o f  a  s y n t a c t i c  p a t t e r n  m a t c h e r

a n d  a  semant  i c e x p r e s s i o n  e v a l u a t o r , I t  may be used to e x t e n d  t h e

I anguage, t o  d e f i n e  e n t i r e l y new languages ,  o r  as  a 1 imi ted pattern

m a t c h e r , T h i s i s  t h e c o r e  o f t h e  MLISPZ ex tens ib i  1  i  t y  mechan ism.

The recogn  i t i on a I gor i thm i s top down, depth f i r s t , and uses

b a c k t r a c k i n g . T h e  t o p - l e v e l  p r o d u c t i o n  i s  P R O G R A M . T h e  p a t t e r n

m a t c h e r  i s  p o w e r f u l enough to handle a n y  c o n t e x t  f r e e or sensi t i ve

grammar. H o w e v e r ,  i t  i s o n l y  c a p a b l e  o f  d e a l i n g  w i t h l i n e a r  i n p u t ,

s u c h  a s  t o k e n s  f r o m  a  f i  l e or from a linear t ist; it is n o t  c a p a b l e

o f hand1 ing s t r u c t u r e d i n p u t . It is designed primarily as a

t r a n s l a t o r  w r i t i n g  t o o l .

T h e  L E T  e x p r e s s i o n , l i k e  a l l MLISP2 e x p r e s s i o n s , i s  f u l l y

i ncremen  ta I : at any t ime  the user  may type a  LET express ion o n  l i n e

and have i t t a k e  e f f e c t immediately. T h e  a d v a n t a g e s  o f t h i s  f o r

d e b u g g i n g  a  t r a n s l a t o r  s h o u l d  b e  o b v i o u s : i  f  t he  p rogrammer  d iscovers

a  b u g  i n  a  p r o d u c t i o n , h e  c a n  t y p e  i n  a  c o r r e c t e d  v e r s i o n  a n d t r y  i t
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o u t  r  i  g h t  alJay. Fur thermore, i f  h e  d e s i r e s to  have a

c o n s t r u c t  i o n in a program, t h e  u s e r  s i m p l y i n c l u d e s

p r o d u c t i o n s  a t  t h e  h e a d  o f  h i s  p r o g r a m ,  a n d  t h e  MLISPZ

e x t e n d  i t s e l f  as h i s  prom-an1  is beinct t r a n s l a t e d .

25

new language

t h e  r e l e v a n t

language  will

I n  o r d e r  t o  e x t e n d  t h e  d e f i n i t i o n  o f  s o m e  p r o d u c t i o n  P ,

1. P must a l r e a d y  e x i s t a n d m u s t b e a n  e x t e n s i b l e p r o d u c t i o n .  A n

e x t e n s i b l e  p r o d u c t i o n i s  a n y  p r o d u c t i o n  w h o s e  s y n t a x c o n t a i n s  t h e

meta  e x p r e s s i o n  A L T  ( s e c t i o n  7.4). “ALT”  m e a n s  t h a t  t h e  s y n t a x  o f

t h e  p r o d u c t i o n  c o n s i s t s a set of a l t e r n a t i v e s . T h i s  s e t  m a y  b e

extended a t  any t i me.

?i. T h e  p r o d u c t i o n  b e i n g  a d d e d  t o  t h e  d e f i n i t i o n  o f  P  m u s t  c o n t a i n  t h e -

n a m e  o f  P  i n  t h e  i d e n t i f i e r  s l o t  betbleen t h e  L E T  v a r i a b l e s  a n d  t h e

e q u a l  s i g n :  e . g .

LET FOO o() P =
.-

a d d s  F O O  t o  t h e  d e f i n i t i o n of P, A  p roduc t ion  may  on ly be added

a s  a n  a l t e r n a t i v e  t o  o n e  p r o d u c t i o n :  e . g .  F O O  c a n n o t  n o w be added

t o a n o t h e r product i on’ 5 d e f i n i t i o n , H o w e v e r ,  a n  e x t e n s i b l e

p r o d u c t i o n P may have any number of a l t e r n a t i v e s  a d d e d t o  i t s

def ini t ion.

Using ALT in an i ncrenien t a I manner i s one of t h e  m o s t  p o w e r f u l

c a p a b i  I  ities o f any e x t e n s i b l e I anguage. I t m a k e s  MLISP2’  s

extensibi 1 i ty v e r y  f l e x i b l e .

- /

- I

I
- I



6

i‘

L

1
I

sect tori 7 <LET>

S e m a n t i c s

When a pr oduc t i on i s  d e f i n e d u s i n g  L E T , two f u n c t i o n s  a r e

dec I ared: o n e  f o r  t h e  s y n t a x  a n d  o n e  f o r  t h e  s e m a n t i c s , T h e  n a m e  o f

t h e  s y n t a x f u n c t i o n  i s t h e  p r o d u c t i o n  n a m e  w i t h  a  s h a r p s i g n  I’#”

appended  on  the  end . T h e  n a m e  o f  t h e  s e m a n t i c s  f u n c t i o n  i s  t h e  n a m e

o f  t h e  p r o d u c t  i o n . For examp  I e, i f  t h e  p r o d u c t i o n  i s

L E T  FOCI (X,lr<,Y) = -{A 6 Cl M E A N  P R I N T  <X,Y>

then the  ti-lo f u n c t i o n s  a r e  n a m e d  FOD# a n d  F O O , T h e  d e f i n i t i o n  o f  t h e

s e m a n t i c s  f u n c t i o n  F O O  i s

(LAFlBOA  (X Y) ( P R I N T  ( L I S T  X  Y)))

N o t e  t h a t t h e  LAMBDA v a r i a b l e s  a r e  t h e n o n - *  L E T  v a r i a b l e s . When

<FOO>  i s  cailecl  i n a  p a t t e r n ,  a  cat I t o  t h e  s y n t a x  r o u t i n e FOO#  i s

compi  led, T h e  s y n t a x  r o u t i n e  a l w a y s  calls t h e  s e m a n t i c s  r o u t i n e  FDO

a s  p a r t  o f  i t s  d e f i n i t i o n . I n  a&ii  Con, e i t h e r  o f  t h e t w o  f u n c t i o n s

nl a y b e  c a l l e d I i ke any other func t i on: e.g. FOO#O o r  FDO(args).

Thus t h e  p a t t e r n matcher may be invoked from within a n  o r d i n a r y

f u n c t i o n .

An i ni p 0 r t a r-i t p o i n t hare i s that m a 17  y e x t e n s i b l e  l a n g u a g e s

i n t e r p r e t  t h e i r patter-ns, I*1LISP2  ccr413i  les i t s  s y n t a x i n t o  m a c h i n e

code , resul t  i n g  i n  g r e a t e r  s p e e d  and c o d e  densi ty. T h e r e  are certain

t e c h n i c a l  d i f f i c u l t i e s  l.ii t h c o m p i l i n g  a  g e n e r a l , i n c r e m e n t a l  s y n t a x

p r o c e s s o r . We hope to disctiss o u r  t r e a t m e n t  o f  t h e s e  p r o b l e m s in a

l a t e r  p a p e r .
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Execu t i on

LET express i ens are executed i  ti three stages:

1 .  M a t c h  t h e  s y n t a x  p a t t e r n  a g a i n s t  t h e  i n p u t .

2 .  B i n d  t h e  L E T  v a r i a b l e s  t o  t h e  v a l u e s  o f  t h e  p a t t e r n  i t e m s .

3 .  Evaluate’ th2 ssillant  its e x p r e s s i o n . T h i s  beconies t h e  v a l u e o f  t h e

product i on.

I n  more c ie ta i  I ,

1. T h e  m a t c h i n g  o f  a  s y n t a x  p a t t e r n  p r o c e e d s  a s  f o l l o w s :

a .  A  rlattern  i s  m a t c h e d  f r o m  laft t o  r i g h t ,

b. Each i ten1 in a  p a t t e r n  i n t e r a c t s  i n a  s p e c i f i e d  w a y w i t h  t h e

i n p u t . T h i s i s  e x p l a i n e d  in t h e  f o l l o w i n g  s e c t i o n s f o r  e a c h

t y p e  o f  p a t t e r n  item. G e n e r a  I  ly pattern i terns m a k e  some  c h e c k s

o n  t h e  c o n t e n t  o f  t h e i nput and c a u s e t h e  i n p u t  p o i n t e r t o  b e

advanced.

C, E a c h  i  teril i n  a  p a t t e r n  retu,-ns a  v a l u e .

-
L . A f t e r  thfz pat t2rn has b e e n  c o m p l e t e l y  m a t c h e d ,  t h e  L E T  v a r i a b l e s

a r e  l~ound o n  a  o n e - t o - o n e  posi t ional basi 5 t o  t h e p a t t e r n  v a l u e s ,

wi th  two except  ions:

a .  L E T  vcrriables  Lihich a r e  a s t e r i s k s  “Y” s e r v e  o n l y a s  p o s i t i o n a l

p l a c e - h o l d e r s  a n d d o  n o t  r e c e i v e va lues . ( T h u s  t h e y  a r e  n o t

r e a l  ly v a r i a b l e s  a t a l l . )  I f a l l  o f t h e  L E T  v a r i a b l e s  a r e

a s t e r i s k s , t h e n  a l l  o f  t h e  p a t t e r n  v a l u e s  a r e  t h r o w n  a w a y .
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b. I f there are more p a t t e r n  v a l u e s  t h a n  L E T  v a r i a b l e s , t h e  l a s t

non--Sk v a r i a b l e  i s  b o u n d  t o  a  l i s t  o f  t h e  r e m a i n i n g  v a l u e s .

3. A f t e r  t h e  e n t i r e  p a t t e r n  h a s  b e e n  s u c c e s s f u l l y  m a t c h e d  a g a i n s t  t h e

i n p u t  a n d  t h e  L E T  v a r i a b l e s  h a v e  all  b e e n  b o u n d ,  t h e  s e m a n t i c s  of

t h e  p r o d u c t  i o n are eva lua ted . The semant ics c o n s i s t o f  t h e

e x p r e s s i o n  a f t e r  t h e  M E A N ,  t o g e t h e r  w i t h  t h e  n o n - * L E T  v a r i a b l e s .

I t  i s  e x a c t l y  e q u i v a l e n t  t o .

( (LAm3DA war i ab I es> <express ion>) < p a t t e r n  v a l u e s > )

T h e  v a l u e  o f  t h i s express ion  becomes the  va lue  o f t h e  p r o d u c t i o n

a n d  i  s  r e t u r n e d  t o  1.1hotnever  cal led  i  t .

la) L E T  I F  k,El,*,E2,E3)  =
i IF <EXPRESS1  ON> THEN <EXPRESS I ON>

{OPT  ELSE <EXPRESSION>) 1
MEAN NIL:

t h i s - t h r o w  alJay t h e  I F
- 13 i n cl s E l  t o  t h e  v a l u e  o f  t h e  f i r s t  < E X P R E S S I O N >
- t hrom  amg t h e  T H E N
- binds E2 to  the  va lue  o f  the  second <EXPRESSION>
- b i n d s  E3 t o  t h e  v a l u e  o f  t h e  O P T .

itd L E T  PROGRAU  W =
i {REP 0 11 kEXPRESSION>  ’ : 11 -EOF-  1

WAN N I L :

t h i s - throw aLjay  a l  I  t h e  values o f  t h e  p a t t e r n  i t e m s .
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( c )  L E T  FOO  iW',Z) =
{ABCDEFG)

ME AN N I L ;

i s - binds i( to k
- binds Y to B
- binds Z to (C D E F G

t h

r-txanlp  I e o f  L E T  senlan  t i cs

(d) LE,T F O O  (X,*,Y,*,Z! =
iABC@EF G 1

- -
<‘Lt I >

*

MEAN PRINTo(  CONS Y CONS Z):

th i s - prints and has as its value the list (A C E F G).
- T h e  senlantics function  i s

(LAMBDA (X Y Z) (PRINT (CONS X (CONS Y I)))),

T h e  b e s t  e x a m p l e s  o f  L E T  e x p r e s s i o n s ,  a n d indeed o f a l  I  MLISP2

--

- -:

expressi ens, a re prov i ded

t r a n s l a t o r , I./h i ch are i nc I uded n the  append ix .

the produc t i ons i n t h e  I’lLISP2

- !
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There a r e  f o u r types o f  c o n s t r u c t i o n s w h i c h  c a n  b e u s e d  i n

s y n t a x  p a t t e r n s :

express i ons. I n

I i terals, nontern i ina ls ,

a d d i t i o n , each of

inline e x p r e s s i o n s

these c o n s t r u c t i o n s

a n d  meta

may be

preceeded b y  e i t h e r / b o t h / n o n e  o f  a n  e x c l a m a t i o n  p o i n t  I’!” a n d  a  sharp

s i g n  “#“. T h e  meani ny o f  e a c h o f  t h e s e  i n  a  s y n t a x  p a t t e r n a n d  t h e

v a l u e s  t h e y  r e t u r n  wil I  n o w  b e  d e s c r i b e d  i n  d e t a i  1.

Our approach to a syntax d e s c r i p t i o n I anguage is  someuhat

d i f f e r e n t than o t h e r approaches, a necessary consequence o f  o u r

d e s i r e  t o make I anyuages incremental  ly e x t e n s i b l e . R a t h e r  t h a n

w o r k i n g  w i t h traci i t i ona I SNF t e r m s and ana lyz ing grammars forma I I y

( e . g . as  p recedence , o p e r a t o r  p r e c e d e n c e ,  LFi(k),  e t c . g rammars ) ,  we

h a v e  i s o l a t e d  a s m a l l  s e t  o f p r i m i t i v e s  p o w e r f u l  e n o u g h t o  s p e c i f y

any c o n t e x t  f r e e  o r sens i t i ve grammar a n d  s t i l l m a i n t a i n a  g o o d

d e g r e e  o f e f f i c i e n c y . We obtain t h i s f l e x i b i l i t y  b y a  p a t t e r n

m a t c h i n g  a p p r o a c h  t o  l a n g u a g e translationThe  e x t r e m e l y  u s e f u l  c o n t r o l

s t r u c t u r e o f  b a c k t r a c k i n g is  used t o  r e s o l v e a m b i g u i t i e s : i f  o n e

s y n t a x  p a t t e r n Idi I I not match t h e  i n p u t ,  t h e s y s t e m  i s c a p a b l e  o f

b a c k i n g  u p  a n d  t r y i n g  o t h e r s , u n t i l  e i t h e r  o n e  f i n a l l y  s u c c e e d s  o r  no

p a t  t e r n s a r e  left ( i n d i c a t i n g  a  r e a l  s y n t a x  e r r o r ) . Whi le it is



S e c t i o n  7 . 1 S y n t a x  d e s c r i p t i o n  l a n g u a g e 31

t h e o r e t i c a l l y  p o s s i b l e  f o r  t h i s  t o  r e q u i r e  a  t i m e  p r o p o r t i o n a l  t o  t h e

l e n g t h  o f t h e  i n p u t c u b e d ,  i n p r a c t i c e  t h e t y p e s  o f grammars one

\,Jri t e s  f o r  p r o g r a m m i n g languages  a re  a lmos t  a lways  hand led i n  l i n e a r

t i me. I n  f a c t , even our gr animar  f o r E n g l i s h ,  a h i g h l y  a m b i g u o u s

I anguage, p r o d u c e d  a  I  inear p a r s e r .

-

-.

W e  b e l i e v e  t h a t  t h e  p r i m i t i v e s  p r e s e n t e d  h e r e :  R E P ,  O P T  and ALT,- -

toseth,er I-J i t h l i terals. nonterninab and inl ine express i ons, are -

pr i m i t i ves t h a t shou I d 1’Pa i 17 c I I.1 d e cl i n  aPm - d e s c r i p t i o nsuntax

I anguage.
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T h e  e x c l a m a t i o n  p o i n t  f e a t u r e  “!‘I i n  p a t t e r n s is a way  o f

a u t o m a t i c a l l y  g e n e r a t i n g  e r r o r messages, A n  e x c l a m a t i o n  p o i n t in a

p a t t e r n  i t e m  s i g n i f i e s  “ i t  h a d  b e t t e r  b e  t h e r e ! “ ;  o t h e r w i s e t h e r e  i s

a n  e r r o r . For examp I e, i n  t h e  p a t t e r n

IF <EXPRESSION> !THEN

t h e  I i  f e r a l THEN had bet ter occur i n  t h e  i n p u t  a f t e r t h e  e x p r e s s i o n ,

o r  t h e  e r r o r  m e s s a g e “MISSING THEN” wi I I be printed. The exe I ama t i on

p o i n t  i s  a c t u a l l y  a  m a c r o  t h a t  e x p a n d s  t o  a n  A L T  ( s e c t i o n  7 . 4 ) ;  e . g .

! THEN

e x p a n d s  t o

IALT T H E N  1 [ERRORWl!SSING  THEN'WL

T h i s  e x p a n s i o n  s h o u l d  b e  r e m e m b e r e d  w h e n  d e a l i n g  I-Gth the  va lue of a

p a t t e r n  i  tern w i t h  a n  e x c l a m a t i o n  p o i n t  i n  f r o n t  o f  i t . T h e  v a l u e  o f

t h e  p a t t e r n i tem THEN is just THEN; t h e  v a l u e  o f  !THEN  i s (1 THEN) ,

o r  a n  e r r o r .

T h e  s h a r p  s i g n  f e a t u r e  “#” i n  p a t t e r n s is a way o f  c o n t r o l l i n g

t h e s c a n n i n g o f  t h e i n p u t . It real ly has a meaning only with

I  i  t e r a l s . If it i s present, t h e n  a f t e r  t h e  I  i  t e r a l  i s m a t c h e d ,  t h e

s c a n n e r  l..ii I  I  no t  advance over i t . O r d i n a r i l y , a f t e r  a  l i t e r a l in a
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p a t t e r n  i s  m a t c h e d  b y  a t o k e n  i n  t h e  i n p u t ,  t h e  s c a n n e r a d v a n c e s  to
t h e  n e x t  t o k e n  a u t o m a t  ical  ly, The “#” f e a t u r e  i s  i s  u s e f u l i f , f o r

some reason , i t  i s  d e s i r e d  t o  t e m p o r a r i l y  d i s c o n t i n u e s c a n n i n g , For

e x a m p l e ,  MLISP2 d o e s  n o t  idant t o  a d v a n c e  o v e r  t h e  -EOF- a t  t h e  e n d  o f

t h e  p r o g r a m  !Jecaase t h e r e  i s  n o t h i n g  t h e r e  t o  s c a n ,  s o  t h e  p a t t e r n  i s

wr i t ten #-EOF-. Simi l a d y , M L I S P 2  w a n t s  t o  p a u s e  i n  s c a n n i n g  w h e n  i t

sees the I  i  teral O C T A L  i p r e c e e d i n g  a n  o c t a l  n u m b e r ) i n o r d e r  t o

c h a n g e  t h e  r a d i x  f r o m  1 0 ( d e c i m a l )  t o  8 (octal)  b e f o r e  s c a n n i n g  t h e

n u ni b e r , so the octal pattern is witten # O C T A L  < O C T A L - N U M B E R > .

LITERAL

L i t e r a l s  a r e  c o n s t a n t s i n  t h e  s y n t a x  d e s c r i p t i o n I a n g u a g e .  I f

t h e  n e x t  i t e m  i n  t h e  p a t t e r n  i s  a  l i t e r a l ,  t h e n  t h e  n e x t  t o k e n  i n  t h e

i n p u t  m u s t  b e  t h a t  I iteral,  o r  t h e  p a t t e r n  f a i  I s .

VALUE = t h e  l i t e r a l .

YONTERM  I NAL _

N o n t e r m i n a l s  a r e  t h e s u b r o u t i n e mechan

de5cr i pt i on I anguage. If the next i tern  in

n o n t e r m i n a l Cal I 0 I1 a n o t h e r  p r o d u c t i o n , then

evaluated  a s  a  s u b r o u t i n e .

i sm i n t h e  s y n t a x

the p a t t e r n is a

t h a t product i on i s

--

-

-4

VALUE = t h e  v a l u e  o f  t h e  c a l l e d  p r o d u c t i o n .

d
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A n  inline e x p r e s s i o n  i s a  p i e c e  o f code  eva lua ted “ i n  I  i n e ” ,

d u r i n g  m a t c h i n g  o f  a  p a t  t e r n . I f  t h e  n e x t  i t e m  i n  t h e  p a t t e r n i s  a n

inl i n e express i on, then t h a t  e x p r e s s i o n i s i m m e d i a t e l y  e v a l u a t e d .

T h i s  i s a n  LJIXJSU~I  a n d poGlerful  f e a t u r e  i n  a  p a t t e r n  m a t c h e r ,  I t

p r o v i d e s  a  m e a n s  f o r  m a k i n g a  s y n t a x  c o n t e x t  s e n s i t i v e  a n d a l s o  f o r

i n c r e a s i n g  t h e  i t s  e f f i c i e n c y  b y  iI\aking r u n - t i m e  t e s t s ,

To i I lustrate t h e s e  capabi  I i ties, s u p p o s e  a  g l o b a l  v a r i a b l e  F L A G

ex i s ts i n a program and a  p r o d u c t i o n  P  u s e s  t h i s  v a r i a b l e t o  g o v e r n

i t s  e x e c u t i o n :

L E T  P  (X1 = I (AlT [FLAG = ‘FOO OR FAILURE01 ..,
1 [FLAG = ‘BAZ OR FAILURE03 . . .
I * s l

1 1 MEAN <whatever>

T h e n  t h e  m a t c h i n g  o f  P  i s  c o n t e x t  s e n s i t i v e . I f  t h e  v a l u e  o f  F L A G  i s

FOO, t h e n  t h e  f i r s t  a l t e r n a t i v e  GJiI I b e  t r i e d .  O t h e r w i s e  F A I L U R E  i s

e x e c u t e d , rJhich c a u s e s  p r o c e s s i n g  t o  p a s s  t o  t h e s e c o n d  a l t e r n a t i v e .

Simi  larly, i f  t h e  v a l u e  o f F L A G  i s  B A Z ,  t h e n  t h e  s e c o n d  a l  ternat ive

Lii I I be tried. GthPrLlise  p r o c e s s i n g  s k i p s  t o  t h e  t h i r d  a l t e r n a t i v e ,

a n d  s o  o n .

T h i s  i  I l u s t r a t e s  t h e  p o w e r  o f  inline e x p r e s s i o n s  i n  a  s y n t a x

d e s c r i p t i o n  l a n g u a g e . It also i I lustrates how they can be used to

i n c r e a s e  t h e  e f f i c i e n c y  o f  p a t t e r n  m a t c h i n g . Suppose the programmer



S e c t i o n  7.1 ‘Sgn t ax clescr i pi i on I anguage ?C33

knotrs t h a t i f  FLAG has c e r t a i n va llrrs, the i n p u t  c a n never  match

c e r t a i n  p a t t e r n s . Then nlak i ng t e s t s  l i k e  t h e o n e s  i n the examp I e

CibCJVf? i n s u r e  t h a t  t h e s e p a t t e r n s  Nil 1 n e v e r  b e  t r i e d . T h e  p a t t e r n s

NOUld have eventua l  ly fai led anylday; t h e i n I i n e e x p r e s s i o n s  j u s t

c a u s e  t h e m  t o  f a i  I  a t  t h e  e a r l i e s t  p o s s i b l e  moment, w i t h  a  m i n i m u m  o f

Llork b e i n g  c l o n e .

VALUE =  t h e  v a l u e  o f  t h e  expression.

META EXPRESSIONS

T h r e e  meta  e x p r e s s i o n s  - -  R E P  (repeat), O P T  ( o p t i o n a l ) and ALT

C a l  ternatives) - -  a r e  i n c l u d e d in MiXP2 t o make i t e a s i e r  t o

speci f y  s y n t a x . These construct  i  017s r e d u c e  t h e  n u m b e r  o f  p r o d u c t i o n s

r e q u i r e d  a n d  make them  c l e a r e r  a n d more  cone i se. I t  i s  s u r p r i s i n g

hoL( much more pol,lerfu  I t h e  s y n t a x  d e s c r i p t i o n  l a n g u a g e becomes w i t h

t h e  i n c l u s i o n  o f  t h e s e  t h r e e  e x p r e s s i o n s . T h e y  m a k e  t h e  I  anguaye  fa r

m o r e  d e s c r i p t i v e  o f  t h e  k i n d s  o f  c o n f i g u r a t i o n s  t o  b e  e x p e c t e d  i n  t h e

i n p u t .

B y  w a y  o f  c o n t r a s t , i n  t h e  B a c k u s - N a u r  f o r m  (BNF)  if one  wi shes

t o  e x p r e s s  t h e f a c t  t h a t  SOW i ten1 i may  o c c u r  r e p e a t e d l y , he must

1.1 r i t e

P ::= I <P>
P : := <empty>

l.lhi le i n  MLISP2  o n e  ~iould  w-i t e
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{REP 0 11 111 t

I n  t h e f i r s t  case t h e r e p e t i t i o n  i s  i m p l i c i t , l e a v i n g  t h e u s e r  t o

f i g u r e  o u t  e x a c t l y blhat the  p roduc t  ions w i l l  h a n d l e ;  i n t h e  s e c o n d

c a s e  t h e  r e p e t i t i o n  i s  e x p l i c i t . T h e  s a m e  i s  t r u e  f o r  O P T  a n d  ALT,

Cons i der

P : := IF <E> T H E N  <E>
P ::= IF <E> THEN <E> ELSE <E>

v e r s u s

I F  <E> T H E N  <E> (OPT E L S E  <E>I

I n  t h e  f i r s t  c a s e  i t  r e q u i r e s  a  p r o d u c t i o n - b y - p r o d u c t i o n  a n a l y s i s  t o

d i s c o v e r  t h a t  t h e  E L S E  c l a u s e o f  t h e  I F  e x p r e s s i o n  m a y  b e l e f t  o f f ;

i n  t h e  s e c o n d  c a s e  i t  i s  e x p l i c i t l y  s t a t e d . T h i s  d i s t i n c t i o n  b e c o m e s

i m p o r t a n t  IJhen t he number and c o m p l e x i t y  o f  p r o d u c t i o n s are  I  a rge .

Expl  ic i  t s p e c i f i c a t i o n  i s ve r y impor tan t in any “ d e s c r i p t i v e ”

I anguage.

VALUE =  t h e  v a l u e  o f  t h e  meta e x p r e s s i o n .
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SECTION 7J

<REP>

<META>

<REP>

<REP>

’ I REP < INTEGER> [<INTEGER> 1 Ml r a3
’ i <PATTERN> ‘1 [<SEPARATORS>1  ’ 1

<SEPARATORS> : := <PATTERN>

c-
Suntax

i

L
-

c
L

A REP is the I i teral R E P ,  f o l l o w e d  b y  t w o  i n t e g e r s

i n teger may be the I

” * ” 9 f o l l o w e d  b y  a

o p t i o n a l  Iy f o l l o w e d  b y

e n c l o s e d  i n  b r a c e s  iI,

Senian  t i cs

(the s e c o n d

a n  a s t e r i s kt e r a l  ML opt i ona I I y f o l l o w e d  b y

syn tax p a t t e r n enclosed i n b races 0, a n d

any  number  o f  separa to rs . T h i s  w h o l e t h i n g i s

c-

L

a  p a t t e r n to be m a t c h e d  r e p e t e d l y .

s matched  depends  on  two  th ings : Cl)

T h e  R E P  e x p r e s s i o n  c a u s e s

T h e  n u m b e r  o f  t i m e s  t h e  p a t t e r n

h o w  m a n y  t i m e s  t h e  p a t  t e r n  o c c u r s  i n  t h e  i n p u t ,  a n d  (2) t h e  v a l u e s  o f

t h e “ repe t  i  t  i on  con t ro l  numbers ” LJhi  ch  come a f te r  the  word REP. The

<number>s  m u s t be  non-negat ive i n t e g e r s . T h e  f i r s t  n u m b e r i s  t h e
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m i n i m u m  n u m b e r  o f  t i m e s  t h a t  the p a t t e r n  m u s t  o c c u r  i n  t h e  i n p u t ;  t h e

s e 0 0 n cl i s the m a x i m u m n u m b e r  o f t i nies t h a t i t may o c c u r .

A l t e r n a t i v e l y ,  t h e  l e t t e r “M” m a y  b e  s u b s t i t u t e d  f o r  t h e  m a x i m u m  a n d

means  “more ” : if 11 is used, the  pa t te rn  may  be  repea ted  any  number  o f

t i  nies greater than  o r  equa l  to  the  mininlum n u m b e r . F o r  examp I e ,  {REP

1 M . . . I ni e a n 3 “ r e p e a t  1 o r  hiOr‘S  t i m e s ,  ”

I f  t h e m i n i mum number o f  r e p e t i t i o n s  o f t h e  p a t t e r n d o e s  n o t

o c c u r , t h e  e n t i r e  R E P  f a i l s . R E P  allJays-  t r ies  to  match the max i mum

number  of repe t i t i ons pass i b I e. In some cases too many repet i t i 017s

may b e  m a t c h e d , caus ing  a l a t e r  p a t t e r n t o  f a i  I. I n  t h i s c a s e  t h e

t o k e n s f rom one c y c l e  o f t h e  p a t t e r n a r e  r e t u r n e d  t o t h e  i n p u t ,

P a t t e r n match ing then proceeds  ~4 i th the nei4, s h o r t e r , R E P  l i s t

( u n l e s s  t h e  n u m b e r  o f  r e p e t i t i o n s  f a l  I s  b e l o w  t h e  m i n i m u m ) . More

than one repe  t i t i on may have t o  b e  g i v e n  b a c k  b e f o r e l a t e r  p a t t e r n s

al I succeed. I f  y o u  r,rant t o  s u p r e s s  t h i s  s t e p - b y - s t e p  b a c k u p ,

i n c l u d e  t h e  a s t e r i s k  ‘I*” in  gour R E P , The aster i  sk means “ei  ther use

a l l  t h e  R E P  c y c l e s  y o u  g o t o r  g i ve  them ALL  back ! ”  Any f a i  l u r e  i n t o

t h e  R E P  a f t e r  u s i n g  t h i s  f e a t u r e  blill c a u s e  a l !  t o k e n s  m a t c h e d  b y  a l l

c y c l e s  o f the REP to be re‘turned  .to t h e  i n p u t . T h e  n u m b e r  o f

r e p e t i t i o n 5 i mmed  i ate I y beccr,ies  zero. I f  t h e  m i n i m u m  f o r  t h e  R E P  1das

g r e a t e r  t h a n  z e r o , t h e  e n t i r e  R E P  t h e n  f a i  Is, O t h e r w i s e  t h e  v a l u e  o f

the REP becomes NIL. T h i s  i s  u s e f u l  crhen  y o u  a r e  c e r t a i n  t h e r e  i s  n o

a m b i g u i t y  betbleen  t h e  R E P  p a t t e r n  a n d  l a t e r  p a t t e r n s ,  s o  t h a t no REP

-

2

-

-

i ’

I

-4

- I
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c y c l e s w i l l  h a v e  t o be g iven back. T h e  a d v a n t a g e  o f  u s i n g  t h e

a s t e r i s k i s t h a t  REPS a r e more e f f i c i e n t , s i nce not as much

b a c k t r a c k i n g  i n f o r m a t i o n  h a s  t o  b e  s a v e d .

S e p a r a t o r s  m a y  o c c u r  b e t w e e n  r e p e t i t i o n s  o f  t h e  R E P  p a t t e r n .

A n y  p a t t e r n  i  tern o r  i t e m s  m a y  b e  u s e d  a s  s e p a r a t o r s . The value of a

REP is a list o f  t h e  v a l u e s  o f  t h e R E P  p a t t e r n s :  t h e  v a l u e s  o f  t h e

s e p a r a t o r s  a r e  d i s c a r d e d .

Eva I ua t i on

E v a l u a t i o n  o f  REPS p r o c e e d s  a s  f o l l o w s :

1 .  When a  R E P  i s  e n c o u n t e r e d ,  o n e  o f  t w o  t h i n g s  h a p p e n s .

a . I f the REP uses the asterisk “U feature, then a  s i n g l e

d e c i s i o n  p o i n t  ( s e c t i o n  2) i s  c r e a t e d  f o r  t h e  e n t i r e REP. The

i n t  i s  f a i l e d  t o ,  i t  d e l e t e s i t s e l f .

fai I t o  [Jhatever d e c i s i o n p o i n t

f i r s t  t i m e  t h i s  d e c i s i o n  po

Subsequent fa i  l u res wi I I

preceeded  the  REP.

b .  I f  t h e  R E P  d o e s  n o t u s e  t h e  a s t e r i s k  f e a t u r e ,  t h e n a  d e c i s i o n

p o i n t  i s  c r e a t e d  f o r  e a c h cycle which the REP makes, Each o f

t h e s e  d e c i s i o n p o i n t s  b e h a v e s  like 1.a a b o v e ,  i . e . t h e  f i r s t

t i m e  i t  i s  f a i l e d  t o  i t  d e l e t e s  i t s e l f . T h e  d i  f f e r e n c e  i s  t h a t

t h e r e  a r e cl a n y 0 f t h e s e  d e c i s i o n  p o i n t s , o n e  f o r e a c h  c y c l e

th rough the  REP. There fo re , each  REP cyc le  can  be backed  up
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over- one a t a  t i m e , r.lhereas 14i th t h e  a s t e r i s k  f e a t u r e  A L L  o f

the  REP cyc les are  backed  up  over  a t  once .

7i* T h e n  t h e  R E P  p a t  t e r n  i s  m a t c h e d  a g a i n s t  t h e  i n p u t .

3. The maxi mum REP number i s noti checked (unless i t i s MI to s e e  i f

t h e  R E P  p a t t e r n  h a s  b e e n  m a t c h e d  t h e  m a x i m u m  n u m b e r  o f  t i m e s

a l  loi-led. If so, t h e  R E P  e x i t s  r e t u r n i n g  a l i s t  o f t h e  p a t  t e r n

va I ues matched.

4 . I f  t h e r e  are s e p a r a t o r s ,  t h e y  a r e  m a t c h e d  a g a i n s t  t h e i n p u t  a n d

t h e i r  v a l u e s  throLln  away. Then  s tep  2 i s  e x e c u t e d  a g a i n ,

5 .  F i n a l l y ,  e i t h e r  t h e  m a x i m u m  num;3er  o f  c y c l e s  i s  r e a c h e d , o r  t h e

R E P  p a t t e r n o r  s e p a r a t o r s no longer match t h e  i n p u t . T h e n  t h e

m i n i mu m REP n u m b e r i s checked. If the REP has not e x e c u t e d  t h e

ni i n i ni u m number of c y c l e s , then  the ent i re  REP fa i  I s . If t h e

m i n i mum nas been reached, the REP ex i ts r e t u r n i n g  a  l i s t o f  t h e

p a t t e r n  v a l u e s  m a t c h e d . -

-

I

- \
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<REP>S e c t i o n  7 . 2

Examtdu

ia) IREP 1 3 (A 51 1

i npu t : A B A B A B A B
v a l u e : HA B) (A B) (A 6))
left in input: A B

i n p u t : A C B
v a l u e : REP fa i  I s  because  min imum (11 was not  ach ieved

ib) {REP  0 M kIDENTIFIER>I  ',f

i n p u t :
v a l u e :
l e f t  i n  i n p u t :

i n p u t :
v a l u e :
l e f t  i n  i n p u t :

i n p u t :
v a l u e :
l e f t  i n  i n p u t :

A:
((A))

A, 8, C; D, E, F
(iA) iB) (C)I

; D, E, F

i
NIL
(

41





MLISP2

SECTION 7,3

<OPT>

c-

<META>

<OPT>

;:= <OPT>

::= ’ ( OPT <PATTERN> ‘1

Suntax

An OPT i s  t h e l i t e r a l  O P T  f o l l o w e d  b y a  s y n t a x  p a t t e r n ,  a l  I

e n c l o s e d  i n  b r a c e s  I).

c

L

c.
t

l-
c

L

c’

The OPT express ion  is j u s t  a n  a b b r e v i a t i o n  f o r  ( a n d  a  s l i g h t l y

m o r e  effecient  i m p l e m e n t a t i o n  of) t h e  s p e c i a l  R E P  c a s e  (REP 0 1 ,,.I,

i . e . “ r e p e a t  z e r o o r  o n e  t i m e . ” T h i s i s  o n e  o f  t h e m o s t  f r e q u e n t

REP cases .

E v a l u a t i o n

E v a l u a t i o n  o f  OPTS p r o c e e d s  a s  f o l l o w s :

1 .  W h e n  a n  O P T  i s  e n c o u n t e r e d ,  i t  c r e a t e s  a  d e c i s i o n  p o i n t , T h i s

d e c i s i o n  p o i n t  m a y  b e  f a i  l e d to  on ly  once . T h e  f i r s t  t i m e it is

f a i  l e d  t o , i t  d e l e t e s  i t s e l f  s o  t h a t  s u b s e q u e n t  f a i l u r e s  Lii I I fai I

t o  t h e  p r e v i o u s  d e c i s i o n  p o i n t .
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3
i* The OPT pa t te rn is  matched aga ins t t h e  i n p u t . Two t h i n g s  m i g h t

happen:

a .  T h e  m a t c h  i s  s u c c e s s f u l ,  i n IJhich c a s e  t h e  O P T  r e t u r n s a  l i s t

o f  t h e  p a t t e r n  v a l u e s ( l e a v i n g  t h e  d e c i s i o n  p o i n t  i n t a c t ) .

b. T h e  m a t c h  i s  u n s u c c e s s f u l ,  i.e. o n e  o f  t h e  p a t t e r n  i  terns  f a i  I s ,

i n  i-Jhich c a s e the OPT deletes i t s  d e c i s i o n  p o i n t a n d  r e t u r n s

NIL.

3 . I f  a  l a t e r  f a i l u r e  o c c u r s , a n d  i f  t h e  OPT  d e c i s i o n  p o i n t i s  s t i l l

i n t a c t , t h e n  ias i n  2. b  a b o v e )  t h e  O P T  d e l e t e s  i t s d e c i s i o n  p o i n t

a n d  r e t u r n s  N I L ,

E x a m t:, I e s

(a) i0PT A Bl

i n p u t : A B C
v a l u e : (A B)
l e f t  i n  i n p u t : c

i n p u t :
v a l u e :
l e f t  i n  i n p u t :

A C B
N I L
A C B

kd (OPT  < I D E N T I F I E R >  '( < I D E N T I F I E R >  ')I

i n 13 u t : CAR(A) .B
v a l u e : (CAR /( A /I)
left in input: .B

i n p u t : CAR(l)  .B
v a l u e : N I L
l e f t  i n  i n p u t : CARf11.B

-



rlL I SP2

<META>

<ALT>

7.,SECTION

<ALT>

: := <ALT>

: := ’ I ALT [<PATTERN> / ’ 11~~  ‘1

44

Suntax

An ALT is t h e  l i t e r a l A L T ,  f o l  l o w e d  b y  z e r o  o r  m o r e  s y n t a x

p a t t e r n s  s e p a r a t e d  b y  v e r t i c a l  b a r s  “j”, a l  I  e n c l o s e d  i n  b r a c e s  H.

Senian t i cs

A L T  i s  t h e  m o s t  i n t e r e s t i n g  meta e x p r e s s i o n  o f MLISPZ’s p a t t e r n

m a t c h i n g  s y s t e m . I t  s p e c i f i e s  t h a t the input may be matched bY any

of a set o f  a l t e r n a t i v e s . The powerful a s p e c t  o f  ALTs i s t h a t  t h e

s e t  o f a l t e r n a t i v e s  m a y  b e clynami  ca I I y extended at e x e c u t i o n  t i m e .

I f  t h e  a l t e r n a t i v e  b e i n g  a u g m e n t e d  i s  p a r t  o f  t h e  MLISPZ  t r a n s l a t o r ,

f o r  e x a m p l e ,  t h e n t h e  e f f e c t  i s  t o e x t e n d  t h e  M L I S P Z  l a n g u a g e .  T o

i I lustrate t h i s  i d e a , c o n s i d e r  t h e  f o l l o w i n g  p a i r  o f  p r o d u c t i o n s  f r o m

t h e  MLISP2 t r a n s l a t o r ,

LET PRIMARY (XI =
I 1ALTj  1
MEAN X [Zl ;
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L E T  B E G I N  Ix,VARS,EXS,d PRIRAR;i -
I BEGIN <DECLARATIONS> <EXPRESSIONS> !ENO 1

MEAN
'PROG  CONS VARS CONS EXS;

T h e  f i r s t  p r o d u c t i o n  d e f i n e s  a  PRIUARY i n  M L I S P 2 . I t  s a y s  t h a t

i n i t i a l  ly 3 PRIl7ARY  i s  a n ALT Idith n o  a l t e r n a t i v e s , Uhi le t h i s  m a y

seem use I ess, i t  s e r v e s  t h e  i m p o r t a n t  f u n c t i o n  o f  p r o v i d i n g a (nul I)

se t  to  i.rhich o t h e r  p r o d u c t i o n s  m a y  b e  a d d e d . F o r  examp I  e ,  the  second

produc t  ion  cief ines a B E G I N - E N D  b l o c k . I t  f u r t h e r  i n d i c a t e s  t h a t  i t

i s  t o  b e  a d d e d  t o  t h e  s e t  o f  a l t e r n a t i v e s  i n  t h e product ion  PRIMARY,

i.e. BEGIN is  now to  be  cons idered  as  an  example  o f  a  lega l  PRIMARY.

so i.lha t ? So noi. i n s t e a d  o f hav ing t o  d e f i n e al I o f  t h e

a l t e r n a t i v e s in a 5 tat i c d e f i n i t i o n , t h e  v a r i o u s p a r t s o f  t h e

p r o d u c t i o n  m a y  b e  d e f i n e d  i n d i v i d u a l  ly a n d dynam  i ca I I y ! P r o d u c t i o n s

1.1 h i c h a d d  thenis2 Ives t o  o t h e r  p r o d u c t i o n s  m a y  b e  i n c l u d e d i n  a n y

p r 0 g r a m . I f you L./ant some I anguage f e a t u r e f o r y o u r  p a r t i c u l a r

p rog ram, you need o n l y  i n c l u d e  a  s e t o f  l a n g u a g e  e x t e n s i o n s a t  t h e

b e g i n n i n g  o f  i t . I m m e d i a t e l y  y o u  h a v e  a  n e w  l a n g u a g e  w i t h  a  t a i  lor-

made  f e a t u r e !

One 1.1 0 r d 0 f cau t i on: t h e  syntax o f  M L I S P 2  i s  n o t  c o n t e x t

sensi t ive: a d d i t i o n s  t o  i t s h o u l d  b e  u n a m b i g u o u s  w i t h  t h e  p r o d u c t i o n s

a I  ready there. I n  f a c t , they  shou ld  p robab ly  be  unambiguous i n  t h e

f i r s t  s y m b o l : d o n ’ t  s t a r t  any o f  your  p roduc t  ions w i t h  a n y o f  t h e

LJords  t h a t  s t a r t s a n  rlLIsP2  p r o d u c t i o n ,  s u c h  a s



BEGIN, IF, FOR, WHILE, UNTIL, DO, COLLECT, SELECT, . . .

T h i s r e s t r i c t i o n grow o u t  o f o u r  d e s i r e t o  p r o v i d e g o o d  e r r o r

messages. I f  w e  s t a r t  a  p r o d u c t i o n , such as BEGIN, and we get to a

p o i n t  i n  i t  Lihere w e  e x p e c t  a  l i t e r a l  t o  a p p e a r  i n  t h e  i n p u t ,  a n d  t h e

I i teral i  sn ’  t  there , then we s top  immed ia te ly a n d  p r i n t a n  e r r o r

message. T h e  a l t e r n a t i v e  i s  t o  b a c k  u p  o u t  o f  t h e  p r o d u c t i o n ,  s e e  i f

a n y  o t h e r  p r o d u c t i o n  c a n  h a n d l e t h e  i n p u t , a n d  i f  n o t  g i v e a n  e r r o r

message I i ke “SYNTAX ERROR” or son!e  such nonsense. S i nce t h e  RLISP2

I anguage i  s unamb  i guous, we can  g ive  much  be t te r  e r ro r messages than

t h a t . M o s t  PRIMARYs in MLISP2 b e g i n  ldith a  u n i q u e  L I T E R A L ,

A s  m e n t i o n e d  a b o v e ,  o n l y a  p r o d u c t i o n s  c o n t a i n i n g  a n  A L T i s  a n

e x t e n s i b l e  p r o d u c t i o n . I f  t h e  p r o d u c t i o n  c o n t a i n s  m o r e  t h a n  o n e  A L T ,

t h e n  t h e r e  i s a n  a m b i g u i t y  a s to which ALT is to be e x t e n d e d .  T o

r e s o l v e  t h i s  a m b i g u i t y , t h e  f o l  IoiJing r u l e  appt i e s :

a .  T h e  o u t e r m o s t  A L T  l e x i c a l  l y  i s  t h e  o n l y  o n e  t h a t  m a y  b e  e x t e n d e d ,

b . I f  sever-al ALTs a r e  a t  t h e  same  l e x i c a l  l e v e l ,  t h e n  t h e  l a s t  o n e

l e x i c a l l y  i s  t h e  o n l y  o n e  t h a t  m a y  b e  e x t e n d e d .

Eva I ua t i on

E v a l u a t i o n  o f  ALTs proweds  a s  f o l l o w s :

1 .  When an  ALT i s  encoun te red , i t  c r e a t e s  a  d e c i s i o n  p o i n t . It a l s o

c r e a t e s  t h e  e q u i v a l e n t  o f a  l o c a l  ow v a r i a b l e ;  t h i s v a r i a b l e  i s
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i n i t i a l i z e d  t o  z e r o  and r e p r e s e n t s  t h e  number o f t h e  a l t e r n a t i v e

c u r r e n t  Iy b e i n g  t r i e d .

7L. T o  t r y  t h e  n e x t  a l t e r n a t i v e ,  the ;i I t  number  i s i n c r e m e n t e d  b y  o n e ,

a n d  t h e n  t h e  p a t t e r n f o r  t h a t  a l t e r n a t i v e  i s  m a t c h e d a g a i n s t  t h e

i n p u t .

3. I f  t h e  p a t t e r n? i s  s u c c e s s f u l l y  m a t c h e d ,  t h e  A L T  e x i t s r e t u r n i n g  a

l i s t  o f  t h e  p a t t e r n  v a l u e s  w i t h  t h e  alt n u m b e r  a d d e d  t o  t h e  f r o n t .

I  f  t h e  p a t t e r n  f a i  Is, t h e  n e x t  s t e p  i s  e x e c u t e d .

4, If t h e r e a r e  m o r e  a l t e r n a t i v e s t o  me  t r i e d , s t e p  2 i s  e x e c u t e d

a g a i n . I f  t h e r e  a r e n o  more  al ternat i ves, t h e  d e c i s i o n p o i n t  i s

d e l e t e d , a n d  t h e  w h o l e  A L T  f a i l s .

5 .  I f  a s u b s e q u e n t  f a i  l u r e  r e t u r n s i n t o  t h e  A L T ,  s t e p  4  i s  e x e c u t e d ,

-
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I
i-

c
I
L

Examoles

(a) {ALT A 1 BI

i n p u t : A B C
v a l u e : (1 A)
left in input: B C

i n p u t : B C
v a l u e : i2 B)
left in input: C

‘ i n p u t : C
v a l u e : Fai Is

(b) {ALT A ‘, B 1 < I D E N T I F I E R >  ‘( < I D E N T I F I E R >  ‘1 1 C A R  1

i n p u t : A, B, C
va I ue (1 A 1, B)
left in input: , C

i n p u t : CAR(A) .B
v a l u e : (2 CAR /( A 1))
left i n  i n p u t :  .B

i n p u t : CAR0.B
va I ue (3 CAR)
left in i n p u t : 0 .B

i n p u t :
v a l u e :

A: B; C
Fai Is

L.





i
c

c-

i

Ir
L

L
L

MLISP2

<PRIMARY>

<SELECT>

sun tax

43

< S E C T >

1:s <SELECT>

. *
l .= SELECT [<EXPRESS1  ON>3

F R O M  C<IO>  ‘: I <EXPRESSI  ON>
k3.KCESSOR <EXPRESSION>]
CUNLESS <EXPRESSION>3
[FINALLY <EXPRESSION>]

A SELECT expression i s  t h e  l i t e r a l  S E L E C T , optionally  f o l l o w e d

b y  a n  e x p r e s s i o n ,  f o l  lor.ied b y  t h e  I  i  teral  FROll, o p t i o n a l l y  fol l o w e d

b y  a n  I D  a n d  a  c o l o n , f o l l o w e d  b y  a n  e x p r e s s i o n , optionatty fotloMed

by any or al I of the I iteral S U C C E S S O R  a n d  a n  e x p r e s s i o n ,  t h e  I  i  terat

UNLESS and an express ion , a n d  t h e  l i t e r a l  F I N A L L Y  a n d  a n  e x p r e s s i o n ,

F o u r  o f the f i v e  e x p r e s s i o n s i n t h e  S E L E C T  e x p r e s s i o n  a r e

opt  ional. I f  t h e y  a r e  o m i t t e d , d e f a u l t s  a r e  s u p p l i e d . T h e  d e f a u l t

f o r  t h e  f i r s t e x p r e s s i o n  i s  C A R ,  f o r t h e  s e c o n d  CDR, f o r t h e  t h i r d

N U L L ,  a n d  f o r  t h e  f o u r t h  F A I L U R E .  T h u s

SELECT FROM *(A B Cl

and-
S E L E C T  CAR(L) FROM L:'tA B Cl S U C C E S S O R  CDR(L)

UNLESS NULL(L) FINALLY FAILURE0

a r e  e x a c t l y  e q u i v a l e n t ,
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Senian  t i cs

T h e  fol tol.ring  e x p l a n a t i o n  o f  SELECT's  i s  l a r g e l y  r e p r o d u c e d  f r o m

a paper by the al.1  t hors t i t I ed “6acktracking  i n  MLISPZ” [71.

ihe meta e x p r e s s i o n s  R E P ,  O P T  and A L T  u s e  b a c k t r a c k i n g i n  t h e

ML I SP2 s y n t a x  d e s c r i p t i o n I anguage. The SELECT express ion i s  t h e

ni e a n s f 0 r i ncorpora t i ng back tracking i n t o  o r d i n a r y f u n c t i o n s . The

l o g i c a l  form o f  t h e  S E L E C T  expression  i s

SELECT tv,3 I ue f unc t i crl> FROM <formal  variable>:<domain>
SUCCESSOR s< uccessor  f u n c t i o n >
UNLESS <term i nat i on cond i t i on>
F I N A L L Y  <termination  func t ion>

T h i s  i s  a  g e n e r a l i z a t i o n o f  F l o y d ’ s  C H O I C E  f u n c t i o n  [33, t h o u g h  t h e

tl-40 a r e  f u n c t i o n a l  Iy e q u i v a l e n t . Hoi-lever, t h e  S E L E C T  e x p r e s s i o n  i s  a

I i ttle more versati le a n d  easy t o  u s e .

T h e  f o u r ” f unc t i ons” i 17 SELECT a r e  a c t u a l l y e x p r e s s i o n s  w h i c h

serve a s  t h e  b o d i e s  o f  LAMGOA e x p r e s s i o n s  h a v i n g  t h e f ornia i vat- i ab I e

a s  i t s  LAMBDA  v a r i a b l e :

(LAMBGA  i<forr,la  I vat- i a~;,  i e>) <expressi on>)

The f unc t i ens are d e f i n e d  a s :

<value f u n c t i o n > : <cion:ai  n> + <va I ue>

<successor f u n c t i o n > : tdoriiai n> 3 < d o m a i n >

< t e r m i n a t i o n  c o n d i t i o n >  : <danlain>  -) T o r  N I L

<tet-niination f u n c t i o n > :  < d o m a i n >  + <value>

--’ j
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T h e  e v a l u a t i o n  o f  a  S E L E C T  e x p r e s s i o n  p r o c e e d s  a s  f o l l o w s :

1 .  E v a l u a t e  t h e  d o m a i n  e x p r e s s i o n  t o  g e t  a n  i n i t i a l  d o m a i n ,

2 .  S e t  u p  a  d e c i s i o n  p o i n t ,

3 . A p p l y  t h e  t e r m i n a t i o n  c o n d i t i o n  t o  t h e  d o m a i n , If the value is

T R U E  (non-NIL), d e l e t e t h e  d e c i s i o n p o i n t and aPP l Y t h e

t e r m i n a t i o n  f u n c t i o n  t o t h e  clomin. E x i t w i t h  t h i s  v a l u e a s  t h e

va lue  o f  the  SELECT. (The t e r m i n a t i o n f u n c t i o n  m a y  c a l l FAILURE).

I f t h e  v a l u e  o f  t h e  t e r m i n a t i o n  condi  t ion is FALSE INIL), p r o c e e d

t o  t h e  n e x t  s t e p .

4. Apply t h e  v a l u e  f u n c t i o n  t o  t h e  d o m a i n ,  a n d  e x i t  w i t h t h i s  v a l u e

as  the  va lue  o f  the  SELECT.

S e c t i o n  8

Eva I ua t i on

5 .  I f  a  f a i  l u r e  r e t u r n s  t o  t h e SELECT (the only way a SELECT may be

r e e n t e r e d ) , a p p l y  t h e  s u c c e s s o r  f u n c t i o n  t o  t h e  d o m a i n  t o y i e l d  a

n e LI cl 0 m a i n .

6. Go to step 3 .

F l o y d ’ s  C H O I C E  f u n c t i o n  i s  uri t t e n :

EXPR CHOICE iN):
SELECT I FRO!?  I:1 SUCCESSOR I+1

UNLESS I GREATERP N FINALLY FAILUREO;

CHOICE(10)  g i v e s  t e n  c h o i c e s . T h e  i n i t i a l  d o m a i n  i s  j u s t  t h e  i n t e g e r

1 ione). T h e  v a l u e  f u n c t i o n i s  t h e  i d e n t i t y  f u n c t i o n  ( L A M B D A  (1) I).

The successor f  unc t i on i s acicii t; on by one ( L A M B D A  (I) (PLUS I  11).
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The term i na t ion condi t ion i s a check i f the maximum has been exceeded

(LAMBDA  (I 1 (GREATERP  I N) 1. T h e  terillination f u n c t i o n  p r o p a g a t e s  t h e

fai lure  ( L A M B D A  (1) ( F A I L U R E ) ) .

(a) S E L E C T  F R O M  ’ (A B Cf

This  i s  t h e  m o s t  p r i m i t i v e  v e r s i o n  o f  t h e  S E L E C T  e x p r e s s i o n . I t  g e t s

a n d  r e t u r n s  e l e m e n t s one at a t ime froni a I  is t . Every t i me it is

f a i  l e d  t o , i  t  r e t u r n s the  nex t  e lement i n  t h e I  i s t . If the list

1.1  e c 0 m e s e x ti Ci u s t e ci , t h e  f a i  l u r e  p r o p a g a t e s  t o  t h e preceeding  d e c i s i o n

p o i n t .

(IS) SELECT CAR(L)  FROM  L: ’ (A 9 Cl S U C C E S S O R  CDR(L)
UNLESS NULL(L) FINALLY FAILURE 0

Thi s i s exact ly the same as (a).

-
ic) SELECT FROM ’ iA B Cl FIr\;;\LLY  i\l;L

T h i s  i s  t h e s a m e  a s  (ai excEpt that if the I ist becomes exhausted,

t h is G1 i I I return NIL insteaci  of fai I ing.
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<PRIMARY>

<r ecomp i I e>

<f i le> : 1s

< 13 (3 n > ;:=

<file-speci ::=

<RECOMPILE>

RE

<f

’ II

I<

C O M P I L E  < I D E N T I F I E R >  I ' ,  cIDENTIFIER>l*
IN cf i leb i<ppn>l [ T O  <fi le>l

le-spec>  [‘. <f i le-spec>l

< f i l e -S/jeC? t , <?i le-spec>  ‘3

d e n t i f i e r r 1 <integer>3

s I4 17 t a x

A RECOUFILE e x p r e s s i o n  i s  t h e  l i t e r a l  R E C O M P I L E ,  follobJed  b y  o n e

o r more i d e n t i f i e r s represent  iny the n a m e s  o f f u n c t i o n s  o r

p r o d u c t  i o n s  t o  b2 t r a n s l a t e d , f o l l o w e d  b y  t h e  l i t e r a l  I N  a n d  a n  i n p u t

f i le name, o p t i o n a l  l y  f o l l o w e d  by t h e  I i  t e r a l  T O  a n d  a n d  o u t p u t  f i  l e

n a m e . The input f i I e name may i n c l u d e  a  p r o j e c t - p r o g r a m m e r  a r e a ,  b u t

t h e outpclt  f i l e name may n o t . T h e  o u t p u t  may n o t  go t o  a n o t h e r

p r o j e c t - p r o g r a m m e r area t o  p r e v e n t the user from a c c i d e n t a l l y

c I obber i ny someone e I se’s d i sk wea.
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T h e  R E C O M P I L E  e x p r e s s i o n is  an e x t r e m e l y u s e f u l f e a t u r e  o f

MLISP2. I t  e n a b l e s  s e l e c t e d  f u n c t i o n s  i n  a  f i l e  t o  b e  q u i c k l y

trans  I ated. The f unc t i on-; may e i t h e r  b e  d e f i n e d i n  c o r e a t  o n c e ,

r e p l a c i n g  any d e f i n i t i o n s  t h a t  e x i s t e d ,  o r  t h e i r  t r a n s l a t i o n s may be

p r i n t e d  o n t o  a n  o u t p u t f i l e . I n  e i t h e r  c a s e ,  t r a n s l a t i o n  c e a s e s  a s

soon a s  a i l t h e  f u n c t i o n s i n  t h e l i s t  h a v e  a l l b e e n  t r a n s l a t e d ,

iJi t h o u t  g o i n g  a1 I the uay to the enc.4 of the fi le.

T h i s  f e a t u r e  s u b s t a n t i a l l y  d e c r e a s e s  d e b u g g i n g  t i m e b y  s p e e d i n g

u p  t h e  test/correct/recompi le/test l o o p . With the R E C O M P I L E  f e a t u r e ,

y o u  c a n  edi t  you r f i l e , c h a n g e  t h e  f u n c t i o n  o r f u n c t i o n s  c o n t a i n i n g

t h e  b u g ,  a n d then recompi I e on I y those f u n c t i o n s  - -  a m u c h  s h o r t e r

t a s k  u s u a l l y than recompi I i ng your en t i re program. RECOMPILE blill

f inci a n d t r a n s l a t e  a n y f u n c t i o n  o r p r o d u c t i o n  b e g i n n i n g LJifh L E T ,

E X P R ,  F E X P R ,  LEXPR  or llACR@, I t  s k i p s  d o w n  t o  a s p e c i f i e d  f u n c t i o n

a t  s c a n n e r  s p e e d ,  t r - a n s  I ate5 t h e  f u n c t i o n , a n d  t h e n  e i t h e r e x i t s  o r

sk i  1~s o n t o  t h e  n e x t  f u n c t i o n .

Examples

ia) R E C O M P I L E  FNl IN IFILE:

(b) R E C O M P I L E  FN1,FN2,FN3  IN IFILE.EXT:

(c) R E C O M P I L E  FN?,FN2,FN3  IN IFILE.M2[1,FOOl  TO OFILE.LSP:
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<PRIMARY>

<CASE>

s u 11 t a x

The CASE

express i on 1.1 h

eXPression i s the 1 i  teral

ch must e v a l u a t e  t o  a Pas

CASE,

it ive

i nclex) , f o l  l owed  by t h e  I i t e r a l s  CJF a n d  B E G I N ,  f o

m o r e  e x p r e s s i o n s  e a c h  w i t h  a  s e m i c o l o n ,  f o l l o w e d  b y

f o l l o w e d  b y  a n

i n t e g e r ( t h e  c a s e

1 l o w e d  b y  z e r o  o r

the I i teral END.

T h e  s e m i c o l o n  a f t e r  t h e  l a s t  e x p r e s s i o n  i s  o p t i o n a l .

4 .
* .= CASE <EXPRESSION> OF

EEGIN [<EXPRESSION> ';I* END

S e m a n t i c s

I n c l u d i n g  t h i s  e x p r e s s i o n  i n  M L I S P 2  r e m e d i e s  a n  o b v i o u s  omission

o f  ML ISP ; every  good language  shou ld  have  a  case expressi  on. The

MLISP2 v e r s i o n i s  p r e t t y s tandard , T h e  e x p r e s s i o n  a f t e r the CASE

computes an i  n teyer index, and then t h e  c o r r e s p o n d i n g  e x p r e s s i o n

a f t e r  t h e  B E G I N  ( c o u n t i n g  f r o m  one) i s  e v a l u a t e d  a n d  r e t u r n e d as t h e

v a l u e  o f  t h e  c a s e  e x p r e s s i o n . U s i n g  a n  i n d e x  g r e a t e r  t h a n  t h e  n u m b e r
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of  express i  017s wi I  I  r e s u l t  i n  a  r u n - t i m e  e r r o r . Us ing  an i n d e x  l e s s

t h a t  o r  e q u a l  t o z e r o  will e x e c u t e  t h e  f i r s t  c a s e  e x p r e s s i o n  ( i . e .  a s

i 1: “CASE 1 OF . . .‘I had been typed).

E x a nl I:, 1 e s

(a) X + CASE 1 OF BEGIN ‘A; ‘B; ‘C END;

X  g e t s .  t h e  v a l u e  A .

(b) CASE IF N=l THEN 2 ELSE 3 OF
BEGIN PRINT “CASE I”; PRINT “CASE 2”; PRINT “CASE 3”; END;

This Lii I I p r i n t  e i t h e r  “ C A S E 2” o r  “ C A S E  3” a n d  r e t u r n  t h e  s t r i n g

p r i n t e d  a s  i t s  v a l u e . C a s e  1  rJi I i  never  be  eva lua ted,
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<PRIMARY> :;= <DEFINE>
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i

i
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<DEFINE> ::= DEFINE [<DEFINE CLAUSE> / ‘,I*

<DEFINE CLAUSE> ::=
I

<I Lb PREF:ri  LcTOKN>3  [<NUMBER>]
<ID> <NUtWER> <h'UTIBER>

I <ID> <TOKN>  [<NUMBER>  <NUMBER>3

<TOKIN>

I
I

L

I

<DEFINE>

s II 17 t a x

A DEF INE express ion i s  t h e  l i t e r a l D E F I N E  fol I orJed  b y  z e r o  o r

more  de f ine  c lauses  separa ted  by  commas, A DEFINE CLAUSE is either

a . A n  i d , f 0 I I oi.ied by the I  iteral P R E F I X  ,  o p t i o n a l  ly f o l  l o w e d  b y  a

t o k n  and/or a  n u m b e r .

::= <any i d  o r a n y  d e l i m i t e r  e x c e p t , or :>

57

b . A n  i d , foi Io~led  b y  t w o  nurdm-s.

C, A n  i d , fol l o w e d  b y  a  tokn, 09 t i ona I 1 y f o I I owed by two numbers,

A TOKN  i s any i d or any de i i m i ter except comma “, ” or semi co I on “; ‘I.
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Senlan t i cs

MLISP2’s DEFINE express i on i s  p r e t t y  m u c h  I

i t i s  sl icjhtly I ess genera I. I n MLISP one could

IJ e any 0 t her syynibo I ; i n  MLISF2 o n l y  IGs m a y

c le f  ini t ions. For example, in MLISP

OEFIblE  : --)

58

i k e  MLISP’s, a l  t h o u g h

d e f i n e  a n y  s y m b o l  t o

be g i v e n  a l t e r n a t e

i s I e cj 21  I a 17 d m e 2 13 s ” trsnsl  a t e  31 I  f u t u r e  o c c u r r e n c e s  o f  “-+‘I  t o  ‘I; ” i 11

t h e  program,  ” In MLISPZ t h e  f i r s t symbol  m u s t  b e  a n  I D . Examp I e:

DEFINE APFEND Q

t r a n s l a t e s al I f u t u r e  occurrences  o f “G-P  t o APPEND. The DEFINE

express i  on 14 i I I be exp I ained  by exsmp  I es ,

(1) DEFINE NOT PREFIX - 1080

T h i s  d e f i n e s  R O T  t o  b e  3 p r e f ix i n e s  t h e

5ymljol  “7” t o  I:,e an at:,br ev i 5 t i 017 f o r

isee s e c t i o n  6); i t de f

i t ; and i t def i nes i t s b i nd i ng

;3oi.lrr t 0 be 1900. A n y t i IX E ” 7 ” 0 c t 11 r s h e r e a f t e r , i t wi I I i-1 e

trc3nsIater1  t o NOT. L i k e  MLISF , KLISP2 u s e s  b i n d i n g  poL/ers  tG

i m p I e ni e n t i t s o p e r a t o r  prececlcnce hi erari;hy, B i n d i n g pol.Jer s are

e x p l a i n e d  i n  t h e  fiLISF manual [Gl. Only r i g h t  b i n d i n g  p o w e r s  h a v e  t o

b e  d e f i n e d  f o r  p r e f i x  o p e r a t o r s . M o s t  ;sreiixes h a v e  a  b i n d i n g  p o w e r

o f 1080; t h i s i s h i g h e r  t h a n  t h e binding  poi4er  o f a n y  i n f i x .

t-i 0 1.1 e v e r , o n e  cli f f e r e n c e beti.ieen rl!-IS??  a n d  ?‘iLISP i s  t h a t i n  MLISP2

-

I

-.d

-

,-
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some p r e f i x e s  ( G O , R E T U R N ,  a n d  a l l  t h e  p r i n t  f u n c t i o n s  - -  P R I N T ,

P R I N T S T R ,  P R I N T T Y ,  PRINl,  P R I N C ,  TYO)  h a v e  a  b i n d i n g  poNer  o f  z e r o ,

T h i s  m e a n s ,  e f f e c t i v e l y ,  t h a t t h e y  t a k e  a  w h o l e  e x p r e s s i o n a s  t h e i r

argunien  t, r a t h e r  t h a n  j u s t  a  p r i m a r y . Examp I es:

PRINT CAR A CONS COR

RETURN AtB*CID-E

a r e  t r a n s l a t e d  t o

( P R I N T  (CONS (CAR A)

(RETURN IDI FFERENCE

KDR -6111

(PLUS A (QUOTIENT (TIMES B CI 01) El1

T h e  a d v a n t a g e s  o f  d e f i n i n g  a  f u n c t i o n  t o  b e  a  p r e f i x  a r e  t h a t  it

nl a y b e u s e cl w i t h o u t  p a r e n t h e s e s  a r o u n d  i t s a rgument ,  and  i  t may be

1JSed Lji t h  t h e v e c t o r  o p e r a t o r ” 0 ” * F o r  e x a m p l e ,  s i n c e  C A R is a

p r e f i x , C A R  L ,  CAR(L),  CAR@  L  a n d  CAR@(L)  a r e  ail l e g a l .

(21 DEFINE CONS 550 480

T h i s  clefines  t h e  l e f t  a n d  r i g h t  b i n d i n g  p o w e r s  o f  C O N S  t o  b e  4 5 0

a n d  4 0 0  r e s p e c t i v e l y . MLISP2 u s e s  t h e  s a m e  p r e c e d e n c e sys tem as

MLISP. T h e  b i n d i n g  p o w e r s  o f  a n y  o p e r a t o r  c a n  be f o u n d  i n the MLISP

m a n u a l ,  o r  b y exam i n i ng the proper ty 1 i s t  f o r  t h e i n d i c a t o r s  & L E F T

a n d  & R I G H T . Then i f y o u  Leant t o  g i v e your o p e r a t o r a  h i g h e r

p recedence , s i m p l y  d e f i n e it LJith h i g h e r  b i n d i n g poclers, O p e r a t o r s

I-J i t h n o & L E F T  o r  & R I G H T  properties  u s e  t h e  v a l u e s  u n d e r t h e  atom
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DEFAULT. Paren theses  may  be  used  to  a l te r t h e  p r e c e d e n c e  b y  g r o u p i n g

a rgumen ts i n any des i  red order.

-
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(3) DEFINE APPEND a 450 400

<DEFINE> 61

T h i s  i s  j u s t  l i k e  e x a m p l e  (2) a b o v e , e x c e p t  t h a t  i t  a l s o  d e f i n e s

” @ ” to be an a b b r e v i a t i o n  f o r  A P P E N D , A c t u a l  Iy i t  d e f i n e s  “G” t o  b e

a n  i n f i x  c.jhose  t r a n s l a t i o n  i s  A P P E N D , A n y  i d  m a y  b e  u s e d  a s  a n  i n f i x

w i t h o u t  d e f i n i n g  i t  a s such: hoi4ever, d e l  imi te rs  must be exp l  ic i  t  ly

def i tied, HLISPZ's  p r e - d e f i n e d  delinli  t e r  i n f i x e s  a r e  ( i n  t h e i r  p r o p e r

hi erarchy)  :

(TIMES, QUOTIENT)
(PLUS, DIFFERENCE)
(APPEND, PRELIST,  SWFLIST)
(EQUAL, NEQUAL, LEQUAL,  GEQUAL, MEMBER)
(AND)
(OR)

T h e  c o m p l e t e  o p e r a t o r  p r e c e d e n c e  h i e r a r c h y  i s  i n  t h e  M L I S P  m a n u a l ,
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MLISP2

< I D E N T I F I E R > ::= < L E T T E R >  [<LETTER>  1 < D I G I T > ] *

6 2

<LETTER> . .=. . WV . ../Zjalb(...~zj <underbar>/? < a n y  character>]

< I D > : := <any i d e n t i f i e r - n o t  m a r k e d  a s  a  L I T E R A L >

<NUMBER>

<INTEGER>

< D I G I T >

. l =. * k I NTEGEfb  1 < R E A L >  J

::= <DIG1  b [<DIG1  T>lu

<REAL> ::= <INTEGER> ‘.
I

<I NTEGER>  [<EXPONENT>3
<INTEGER> <EXPONENT>

<EXPONENT> ::= E [+I-[1 < I N T E G E R >

L

<STRING> . * 9 II.,= [<any c h a r a c t e r  e x c e p t  %  or ')>I* 'II

L

4OMMENT>  : := ‘%
I

<any c h a r a c t e r s  e x c e p t  %> '%
COMMENT <any c h a r a c t e r s  e x c e p t  ;  or

unpaired ' or %> ';

<NULL> ; := [<blank>  I <tab> I < c a r r i a g e  r e t u r n >  1 <line feed>
1 <vertical tab> I (form  f e e d >  1 <altmode>]

< D E L I M I T E R > ::= <any c h a r a c t e r  e x c e p t  l e t t e r s ,  d i g i t s ,  n u l l s  o r  XL-
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These lowes t I eve I p r o d u c t i o n s are v i r t u a l  ly i d e n t i c a l  t o

MLISP’s d e f i n i t i o n s  ( w i t h  o n e  e x c e p t i o n ) ,  and t h e y  a r e r e p e a t e d  h e r e

m e r e  I y for the  sake o f  r e f e r e n c e . The one e x c e p t i o n  i s t h a t  t h e

s p e c i a l c h a r a c t e r s  c o l o n  “:” a n d IIe x c l a m a t i o n  p o i n t  ,1 II a r e  l e g a l

l e t t e r s  i n  M L I S P  b u t  n o t  i n  MLISP2, The on ly  spec ia l c h a r a c t e r  t h a t

i s cons i dered  a l e t t e r i n  MLISPL” i  s  underbar  “-“, H o w e v e r ,  a n y

s p e c i a l  c h a r a c t e r  m a y  b e i n c l u d e d  i n  i d e n t i f i e r s  b y preceeding  t h e m

w i t h  t h e “I i teral ly” c h a r a c t e r :  a  q u e s t i o n  m a r k  ‘I?“.

IDENTIFIER, NUMBER, S T R I N G  and D E L I M I T E R  a r e  p r e t t y  s t a n d a r d .

B u t  r e m e m b e r  t h a t a n  o r d i n a r y  v a r i a b l e  o r func t ion  name mus t be an

ID; that is, it must be an I D E N T I F I E R  IAhich is not marked 1-1i t h  t h e

property LITERAL.
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I n  a d d i t i o n  t o  a l  I t h e  MLISP  runtime f u n c t i o n s  a v a i  /able  t o  the

u s e r ,  MLISP2 adds s e v e r a l  f u n c t i o n s  f o r d e a l i n g  w i t h  i n p u t a n d  f o r

b a c k t r a c k i n g .

PARSE

T h i s f u n c t i o n  s t a r t s t h e  NLISP2  p a r s e r .  I t i n i t i a l i z e s  a l l

n e c e s s a r y i n t e r n a l  s t r u c t u r e and then calls <PROGRAM>. T h i s  c a u s e s

t h e c u r r e n t  cief ini t  ion 0 f PROGRAM to be executed as e x p l a i n e d  i n
.

s e c t i o n  7 . T h e r e  a r e  s e v e r a l  a l t e r n a t i v e s  t o  t h e  a r g u m e n t s  t o  P A R S E :

(PARSE 1

T h i s  s e t s  t h e  i n p u t  t o  t h e  t e l e t y p e . MLiSP2  express i ons may now

b e  t y p e d  a n d e v a l u a t e d  o n  l i n e . T y p i n g  -EOF-  w i l l  e x i t  g r a c e f u l l y

f r o m  t h i s  mode.

(PARSE  SOURCE-FILE)

T h i s  s e t s  t h e  i n p u t t o  t h e  s p e c i f i e d  f i l e , MLISP2 e x p r e s s i o n s

u i I I noL1  b e  a c c e p t e d  a n d e v a l u a t e d  f r o m  t h i s  f i l e , The fi /e s h o u l d
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end ~1 i  t h  -EDF-. T h e  s o u r c e  i i  le mag  h a v e  an e x t e n s i o n ,  i n  rjhich  c&se

i t s h o u l d  b e i n  t h e f o r m  (na:ne . ext). O t h e r w i s e  t h e  f  i  le n a m e

s h 0 u I d I:, e an atom. I f  t h e f i I e name is NIL, t h e n  i n p u t w i l l  b e

a c c e p t e d  f r o m  t h e  teletype, jus t  as i n  ( P A R S E ) , The source f i le mc?g

b e  preceeded  b y a r!roject/procJratllirler  speci f icat i o n ,  w h i c h s h o u l d  b e

i n  t h e  f o r m  (proj prug). Th is is  the  same convent ion  as  fo r  the  L I S P

1.G I N P U T  f u n c t i o n . E x a m p I e s :

(PAFISE FOO)
( P A R S E  (FOO.  iY21)
(FARSE  (1 cl/d) FNij
( P A R S E  (1 D/W iFO@JWj

(PARSE  SOURCE-FILE DEST-FILE)

T h i s s e t s  t h e i n p u t  t o t ii e s G u r c e f i  l e ,  a n d dlso s e t s UP a

d e s t i n a t i o n  f i  le o n t o  14hich t h e  t r a n s l a t i o n  o f  t h e  s o u r c e f i I e 14 i I I

b e  p r i n t e d . kg2 i n t h e  i n p u t  f i  iz may h a v e  a n  e x t e n s i o n  and m a y b e

preceedeij  I)!J a pro j ec t /progr  crrliinier spec i f i cat i on. I f the s o u r c e  f i l e

i s N I L , i t1p u t w i I I be accep tk:ij f r om the  te  I etype. T h e  d e s t i n a t i o n

f i le name  m:jst  b e  a n  a t o m ;  t h e  translation is p r i n t e d  o n t o  <name>,LSP

. Aga i n e,ich t o p -  I  r?ve I e x p r e s s i o n  i n  tne program  i s e v a  I  uated as i t

i s trans I atecl. E x 3 IV p i e ~3 :

(PARSE  FOO E&Z)
( P A R S E  (1 DA0 iFI?~.TCl  5AZl
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(PARSE SOURCE-FILE DEST-FILE  NIL)

T h i s  i s  t h e same as the above case, e x c e p t  t h a t e v a l u a t i o n  o f

t h e  t r a n s l a t e d e x p r e s s i o n s  i s  i n h i b i t e d . I n  t h i s  m o d e  MLISPZ  a c t s

like a camp i I er-conip i I er, t r a n s l a t i n g  a n d p r i n t i n g o u t t h e

t r a n s l a t i o n  w i t h o u t  a l t e r i n g  i t s e l f . T h i s  s h o u l d  be u s e d  w h e n e v e r  i t

i s  d e s i r e d  t o  p r i n t  o u t  a  conlplete  t r a n s l a t o r . Exanlp  1 es:

(PARSE FOO BAZ NIL)
( P A R S E  (1 DAV) (FOO.M2)  B A Z  N I L )

t PARSE SOURCE-F I LE PEST-F I LE T 1

This is the same as (PARSE S O U R C E - F I L E  CEST-FILE).
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Intwt f u n c t i o n s

There a r e  f i v e pred  i ca tes for check ing  the t y p e  o f t h e  n e x t

t o k e n  i n t h e  i n p u t . These  re tu rn T if the next t o k e n  i s o f  t h e

s p e c i f i e d  t y p e ,  N I L  o t h e r w i s e . T h e  i n p u t  i s  n o t  c h a n g e d ,

EXPR ISIDENTIFIERi)
EXPR ISSTRINGO
EXPR I SNUMBER (1
EXPR ISDELIMITERO
EXPR ISSEXPRESSIUNO

There a r e  f i v e c o r r e s p o n d i n g  f u n c t i o n s f o r  f e t c h i n g t h e  n e x t

t o k e n  i n  t h e  i n p u t , a f t e r  f i r s t  c h e c k i n g  i t s  t y p e . These r e t u r n  t h e

t o k e n  i  f  i  t  i s  o f  t h e  s p e c i f i e d  t y p e ,  o t h e r w i s e  t h e y execute FAILURE

0. T h e  i n p u t  p o i n t e r is  advanced over  the  token.

EXPR IDENTIFIER0
EXPR STRING0
EXPR NUMBER (1
EXPR DELIMITER0
EXPR SEXPRESSIONO

T h e r e  a r e  a l s o  s e v e r a l  f u n c t i o n s  f o r  m a n i p u l a t i n g  t h e  n e x t  t o k e n

r-ii t h o u t  r e g a r d  t o  i t s  t y p e .

EXPR  TOKEN (1

T h i s  r e t u r n s  a d o t t e d  p a i r  i n  t h e  f o r m  ( n e x t - t o k e n  .  t y p e ) . The

t o k e n  t y p e  i s  a  smalI i n t e g e r  beti,ieen 8 a n d  4 :

0 - i d e n t i f i e r  t y p e
1 - s t r i n g  t y p e
3L - n u m 1) e r t y p e
3 - de l  im i  te r  t ype
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4 - sexpression t y p e

The i npu t po i n ter is  advanced over  the  token.

EXPR PEEK (1

T h i s  i s the same as TOKEN except that

i n p u t . I t  j u s t  p e e k s  a h e a d  a t  t h e  n e x t  t o k e n ,

EXPR NEXT (ATOM!

68

i t  d o e s  n o t c h a n g e  t h e

T h i s  i s  a  p r e d i c a t e . I t s  v a l u e  i s  T i f  t h e  n e x t  t o k e n i n  t h e

i n p u t i s EQ to i t s argument, o t h e r w i s e  N I L . The i n p u t i s  n o t

changed .

EXPR PROPERTYIINDICATOR)

T h i s  c h e c k s  i f  t h e  n e x t  t o k e n  i n  the i n p u t  h a s  a  p r o p e r t y  under

t h e  s p e c i f i e d  i n d i c a t o r . If so, i t  r e t u r n s  t h e property, o t h e r w i s e

N I L . T h i s  f i r s t  c h e c k s  t o  m a k e  s u r e  t h e  n e x t  t o k e n  i s  n o t  a  n u m b e r ,

s i n c e  G E T  o f  a  n u m b e r  c a u s e s  a n  e r r o r  i n  L I S P  1.G . T h e  i n p u t  i s  n o t

changed .
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EXPR FAILURE 0

Th i  s  causes  back t rack ing, 8s ijescr ibed s e c t i o n  2.

EXPR FLUSH0

Th is f

s e c t i o n 3ir

-
2

ushes o l d  c o n t e x t s o u t  o f  t h e sys tem,  as d e s c r i b e d  i n

I ts  va lue is  N I L ,

EXPR CONTEKT 0

T h i s  r e t u r n s  t h e  c u r r e n t  b a c k t r a c k

j u n c tT h i s i s u s e f u l in con

m a n i p u l a t i n g  c o n t e x t s .

it-g c o n t e x t (a sma

i on IJi th the f u n c t i o n

EXPR SET-CONTEXT (ATOM,  PROPERTY, i GO1 LATOR, CONTEXT)

I I  integet-9.

be 101~ f o r

Th i s f unc t i on may  be used to change t h e  p r o p e r t y  I  i  st o f  a n  atom

i n a g i v e n  b a c k t r a c k i n g  c o n t e x t , I f the

ef feet is to ass i gn t h e  pro;ertb-list

indicator

v a r i a b l e

s VALUE, t h e n  t h e

a va I tie i n  t h e

-

-.

-

s p e c i f i e d  contexi. Ac tua l  Iy, t ne p roper t y  i s  c h a n g e d  i n  a l l  c o n t e x t s

f r o m  t h e  c u r r e n t  o n e  b a c k  t o  t h e  speci f ied o n e . That is to say, i f a

fa-i l u r e o c c u r s , t h e  p r o p e r t y  c h a n g e w i l l  n o t be undone unti I  t h e

-..

-A

_ .
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f a i  l u r e happens i 17 a 17 ea r l  ier c o n t e x t than the speci  f ied o n e .

S e t t i n g  t h e  prclperty  i n c o n t e x t  z e r o  drill i n s u r e  t h a t f a i  l u r e  n e v e r

u n d o e s  t h e change. The v a l u e  o t SET-CONTEXT is t h e  v a l u e o f  t h e

second  a rgument .

L
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Other r o u t i n e s

EXPR ERROR (STRING)

T h i s  i s  t h e s t a n d a r d  MLISP? e r r o r hand le r . I t  p r i n t s  o u t  t h e

e r r o r  m e s s a g e  Ljhich is i t s  a r g u m e n t  o n  t h e  t e l e t y p e ,  t h e n e n t e r s  t h e

i ncore e d i t o r . The incore e d i t o r , iAhich p r i n t s i n s t r u c t i o n s  w h e n

ca l  l ed , g i v e s  t h e user  a chance to c o r r e c t  t h e i n p u t and resume

trans I at i ng, IJi thout h a v i n g  t o  b e g i n  al-1  o v e r  a g a i n . A f t e r  t h e  i n p u t

h a s  b e e n  c o r r e c t e d , ERROR cal I s <PROGRAM> again. ( T h i s  i s  n o t  t h e

ideal s o l u t i o n , b u t  i t  p e r m i t s  r e c o v e r y  f r o m  s o m e  t y p e s  o f  e r r o r s . )

EXPR FATAL-ERROR (STRING)

T h i s  i s f o r  n o n - r e c o v e r a b l e  e r r o r s .

m e s s a g e  o n  t h e  t e l e t y p e ,

E X P R  WARNINGtSTRING,  X1

A f t e r  printing

t h i s  r e t u r n s  t o  t h e  t o p

t h e  e r r o r

l e v e l  o f  L I S P .

T h i s i s  j u s t  f o r  w a r n i n g  t h e  u s e r  a b o u t  v a r i o u s c o n d i t i o n s .  I t

p r i n t s  o n  t h e t e l e t y p e  f i r s t  t h e s t r i n g , t h e n  t h e second  a rgument ,

t h e n  r e t u r n s  t h e  s e c o n d  a r g u m e n t  a s  i t s  v a l u e ,
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T h i s p r i n t s i  t s  argunlent onto t h e  t e l e t y p e ,  n o m a t t e r  w h a t

o u t p u t  f i l e  i s  c u r r e n t l y s e l e c t e d . It d o e s  n o t  c h a n g e  t h e  s e l e c t e d

o u t p u t  f  i  l e . 1 t s  v a l u e  i s  t h e  v a l u e  o f  i t s  a r g u m e n t .

FEXPR LAPIN(L)

T h i s  j u s t  calls  EVAL(‘DSKIN  C O N S  L), a f t e r  f i r s t s e t t i n g  t h e

i n p u t  r a d i x  t o  8  (octal). S i n c e  t h e  r a d i x  f o r  n u m b e r s  i n  MLISPZ i s

1 0  ( d e c i m a l )  b u t  L A P  f i l e s (and s o m e  LISP  files) a r e  i n  o c t a l , t h i s

i s  o f t e n  u s e f u l . A f t e r  d o i n g  t h e  DSK:N, t h e  i n p u t  r a d i x  i s  r e s e t  to

i t s  o l d  v a l u e .

i



-



Thinqs t h a t  I.lorked Jo M L I S P  th;ft !.ri t  I  n o t  i.!ork j17 MLISP2

The changes that MLISF2  makes to the syntax of MLISP are

p r i m a r i  Iy i n  t h e fo rm  o f a d d i t i o n s . ?n genera I ,  any lega l  MLISP

E X P R E S S I O N  IJ i I I b e  a c c e p t e d  b y  MLISPZ, H o w e v e r , t h e r e  a r e a f e w

M L I S P  s y n t a c t i c  c o n s t r u c t i o n s  clnich A I  I  n o t  b e  a c c e p t e d  b y  MLISPZ.

T h e s e  h a v e  a I I b e e n  tuent ioneci drove., b u t  a r e  summar i zed h e r e ,

1. A PROGRAM in MLISP is s u r r o u n d e d  b y  a BEGIN-END pair and

t e r m i n a t e d  1Ji t h  a  p e r i o d . I n  MLISPZ t h e r e  i s  n o  e n c l o s i n g  BEGIN-

END pa  i r, and -EOF- te rm ina tes  the  p rogram.

2. MLISP2’s D E F I N E  e x p r e s s i o n i s  s l i g h t l y  less general than MLISP’s.

3 .  E x c l a m a t i o n  p o i n t  ‘I!” a n d  c o l o n  ‘I:” a r e  n o t I ega I letters in 1

MLISP2, t bough t h e y are in MLISP, However they may s t i I I be

i nc I uded i n ident’ i  f  iers, - a s m a y any s p e c i a l c h a r a c t e r ,  b y

preceed  i ng them i-rith t h e ” I i teral ly” c h a r a c t e r :  a q u e s t i o n  m a r k

II 7 II. .

4. The vet tor o p e r a  tar “~3” til a ‘J no t  be used w i t h t h e  a s s i g n m e n t

o p e r a t o r  “+” i n  MLiSP2,

ii
.



,
,
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i (REP 0 M * kEXECUTED_EXPRESSION>  ';

MEAN NIL;
CFLUSH313 !#-EOF-  3

I
E-

L
f
IL

MLISP2
75

% >~ryc+:sk*~z+*~~  Coillplete  d e f i n i t i o n  o f  MLISP2 i n  MLISPL" *:>~****>ic*g* %

LEJ PROGRAM bid =

LET EXECUTED-EXPRESSION iEX,sd  =
1 <EXPRESSION> !#'; 1
MEAN
IF NULL EX THEN NIL
ELSE BEGIN

IF ?!DEFINE THEN TERFRI  PRINT EVAL EX;
IF ?!PRINT THEN PUTOUTtEX, T);
END:

LET EXPRESSION (P,EX,L) =
l <PREFIXES> <PRIMARY>

{REP 0 M * I <INFIX> <PREFIXES> <PRIMARY> 11

MEAN
IF P 1 L THEN HIERtP CONS EX CONS L, 0) 121 ELSE EX;

LET PRIMARY CA, =
i iALT1 1
MEAN X123;

LET SIMPEX (B,L)  PRIMWf  =
1 IBASIC>

MEAN
{REP  a M * kQUALIF!ER>l3  )

IF NULL L THEN 6
ELSE FOR NEW I IN L DO B + CASE CARi c J 111) OF
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BEGIN
B CONS I [31;

<'?&INDEX, 6, 'LIST CONS I [31>; --

< ' G E T ,  B, C A S E  I [3,11  OF
BEGIN <'QUOTE, I [3,21>; I [3,21; END>;

-,

IF ATOM B THEN
TSETQ(B, 1141,  IF 1121 THEN I [2,21 ELSE N I L )

ELSE IF I [21 T H E N
IF B[ll EQ 'GET THEN

< ' S E T - C O N T E X T ,  B[21, I C41, BC31,
I [2,21>

E L S E  <'SET-CONT.EXT,  B, I [41, ' ( Q U O T E  V A L U E ) ,
I [2,21>

E L S E  IF  B[ll EQ 'GET THEN < 'PUT,  B[21, I [41, B[31>
ELSE IF  B[ll EC!  ‘?GIKDEX  T H E N

<'PROG2, <'?&REPLACE, B[21,  8[31,
<'SET&  8 + G E N S Y M O ,  I [41>>,

B>
ELSE < 'STORE,  B, 1141>;
END:

LET BASIC (X1 =
( 1ALT [IDI

1 WJMRERI
1 [STRING]
1 #” [SEXPRESS  I ON1
I ‘< <ARGUMENTS> !'>
I * ( <EXPRESSION> !‘I
1 # O C T A L [BEGIN NEW IBASE; IBASEd;  SCANNERO;

RETURN NUMBERO; END1
3 I
MEAN
I F  Xi11 EQ 3  T H E N  <'QUOT'E,  X[21>
ELSE IF X [:I EQ 4 THEN <'QUOTE, X131>
ELSE IF XL11  EQ 5 THEN ‘LIST CONS X133
E L S E  IF XL11  EQ E THEN X131
ELSE IF. X 111 EQ 7 THEN Xt31
ELSE X [21;

LET QUALIFIER (Q) =
i IALT '( < A R G U M E N T S >  !'I

I
J
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I ' C <ARGUMENTS> !'3
I '* {ALT [ I D E N T I F I E R ]  1 <BASiC>I
1 {OPT 7 <EXPRESSION>

1 I
!'I 1 '6. <EXPRESSION>

MEAN Q;

LET LET I~,?!PROD,*,PARAM,x,ALT,*t I w-cI Ltl ii--DENJIFIERI
,x,SYNTAX,*,*,SEMANJICS)  PRIMARY =

!' ( <PARAMETERS> !'I
{OPT [IDENTIFIER]) I'= <LBR> <PATTERN> <RBR>
!'MEAN  <EXPRESSION>'

J
MEAN

77

BEGIN NEW ARGS, NARGS, PUSHLIST, LAM, ?!PROD?#
?!COOE,  ?!PC, ?!LAST,  LOC, CONLISJ, GEN' REMOB;

% M a k e  a  n a m e  f o r  t h e  s y n t a x  r o u t i n e  a n d  c h e c k ' i t  %
?!PROD?# + SYNAM(?!PROD,  ?!PROD.?!PR~O?#);
IF ?!PROD?#,SUBR  THEN WARNING("PRODUCTION  REDEFINED", ?!PRDO)
ELSE CHECKDEF(?!PROD);
IF ?!PROD MEMQ ?!PRODUCTIONS  THEN

WARNINGV'PEODUCTION  MULTIPLY-DEFINED" ?!PROD)
ELSE ?!PRODUCTIONSTBI +- ?!PROO CONS ?!PRODUCJiONS;
%  F i n d  t h e  n u m b e r  o f  n o n - *  a r g u m e n t s  t o  s e m a n t i c s  r o u t i n e  %
NARGS + 8;
FOR NEW P IN PARAM DO

IF P[l,ll EQ 1 THEN
BEGIN
ARGS + (IF P[1,21 T H E N  SPECIALDEC(P[1,33)

ELSE P[l,s"l) CGNS  ARGS;
NARGS c- NARGS+l;
PUSHLIST L 'PUSH CONS PUSHLIST;
END

ELSE PUSHLIST
% Syntax %

+ NIL CONS PUSHLIST;

LAFST(?!PROD?#):
EPATiSYNTAX, NARGS, LENGWPARAMI, REVERSEtPUSHLIST),

NARGS NEQ 0);
EM1 T(<'JCALL,  NARGS, <'E, ?!PROD>>I;
LAPFNt?!PROD?#);
?!PROD,CODEr01  c ? !COOE:
IF ALT THEN ADALTI?!PROb, ?!PROD?#, ALT c ALT[l],

SYNAM(ALT, ALT.?!PROO?#));
% Semant ics  %
LAM +- <'LAMBDA, REVERSEtARGS),  SEMANTICS>;
IF ?!DEFINE THEN ?!PROO,EXPR~01 + LAM;
IF ?!FRINT THEN PUTOUTWDEFPROP, ?!PROD, LAM,
PRINTTY ?!PROD; 'EX'PR>,  Jl;
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END;

Appendix

LET PATTERN (L) =
i (REP i M * (

IOPT ' !I
(OPT '#I
b4LT  [ IDENTIFIER]

L E T  META (X1 =
r {ALT  ' R E P

I 'OPT
I 'ALT

1 I
MEAN X:

9 9 [TOKEW
*< [IDENTIFIERI  ">
' [ <EXPRESSION> i'l
<LBR> <tlETA> <RBRr

[NUMBERI IALT [NLV'lBERl  1 'MT (OPT  '*I
<LBR> <PATTERN> <RBR> (OPT <PATTERN>]

<PATTERN>
IREP 0 M >k {<PATTERN>)  '11

LET BEGIN h,VARS,EXS,x! PRIMARY =
i BEGIN <DECLARATIONS> <EXPRESSIONS>

MEAN
'PROG CONS VARS CONS EXS;

!END

L E T  I F  h,El,*,E?,E3)  PRIrlARY =
1 IF <EXPRESSION> ! THEN {REP 1  M  * kEXPRESSIDN>1  ALSO)

iOPT  E L S E  iREP 1 r: x kEXPRESSION>l  ALSO11

~;EAN
'COND CONS (El CONS MAPCARVCAR,  E2)i

CONS ( IF -E3 THEN NIL
ELSE IF -CDR(E3 i- E3[23)  & - A T O M  E3tlJl

& E311,lJl  EQ 'COND THEN CEAAR E3
ELSE <'T CONS MAPCAR('CAR, E3W;

78
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iI
c
i

i
L

c.
L

I
I

c
t

i
L

4i
L

I
c”-

L

LET FOR (L,D,EX,BE) PRIMARY =
1 IREP : M *

i FOR (OPT NEWf
IALT 'IN

I ' ON
I '4-

! [ICI
<EXPRESSION>
<EXPRESSION>
<EXPRESSION> !TO <EXPRESSION>

IOPT BY <EXPRESSION>1

! {ALT DO/COLLECT]'; [ID11 <EXPRESSION>
(OPT (ALT WH!LEjUNTILI <EXPRESSION>)

1
MEAN
<'?&FOR, <'QUOTE, MAi'CAE(FUNCTION(LAMBDA  (I): <

IF I [23 THEN 'NEW ELSE 'OLD,'
I i&21,
(I + I &I) :21
IF I ui EQ 3 WHEN

<'?&RANGE, I [33, 1151,
IF I [61 THEN I [6,21 ELSE 1>

ELSE I [31>), Lb,
<'QUOTE, CASE UK.13 OF'

<'QUOTE, Eb,
BEGIN 'PROG2; 'APPEND; 0[2,31; END>,

<'QUOJE, IF BE THEN
IF BE&l1 EQ 1 THEN <'NOT, BE[21>
ELSE BE[21

ELSE NIL>>;

LET WHILE (W,BE,D,EXI PRIMARY =
I lALT WHILEIUNTILI <EXPRESSION>

! (ALT DOJCOLLECTI dXPRESSION>

MEAN
< '?&GJHILE,

<'QUOTE, IF D[2,11 EC 1 THEN 'PROGZ ELSE 'APPEND>,
<'QUOTE, IF WI11
<'QUOTE, Ebs+:

EQ 1 THEN BE ELSE <'NOT, BE>>,

LET DO (D,EX,W,BEI PRIMARY =
1 1ALT DOJCOLLECTI <EXPRESSION>

! {ALT WHILE]UNTIL! <EXPRESSION>

MEAN
c'?mo, <'QUOTE, IF 0113 EQ 1 THEN 'PROG2 ELSE 'APPEND>,
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<'QUOTE, EX>,
<'QUOTE, IF W&11 EC 1 THEN <‘NOT, BE> ELSE BE>>;

LET FNDEF tTYP,NAME,LAMI  PRIMARY =
i [FUNCT  I ON-TYPE3 [ID3 <LAMBDA-BODY> 1
MEAN
BEGIN
CHECKDEF(NAME);
IF TYP EQ 'LEXPR THEN

IF LENGTHtLAtl  [?I 1 EQ 1 THEN
LAM + <'LAMBDA, LAM[2,11, LAM[31>
ALSO TYP - 'EXPR

ELSE ERRORt"LEXPRS MUST TAKE ONE FORMAL ARGUMENT");
IF ?!DEFINE THEN NAME. (TYP) ia1 + LAM;
IF ?!PRINT THEN PUTOUTk'DEFPROP, NAME, LAM, TYP>, TI;
PRiNTTY NAME;
END:

LET LAMBDA h,LAM,ARGS) PRIMARY =
1 LAMBDA <LAMBDA-BODY> {OPT '; '( <ARGUMENTS> !'I 11
MEAN
IF ARGS THEN LAM CONS ARGS133 ELSE LAM:

LET CASE h,EX,*,*,EXS,d PRIMARY =
I CASE <EXPRESS ION> ! OF !BEGIN <EXPRESSIONS> !END 1
MEAN
BEGIN NEW LABELS, L, LAB:
FOR NEW E IN EXS DO

PROG?( LABELS + (LAB - GENSYMO) CONS LABELS,
L + <'RETURN, E> CONS LAB CONS L);

RETURN 'PROG CONS NIL
CONS <‘GO, <‘?&INDEX, <'QUOTE, REVERSE LABELS>,

<'LIST, EX>>>
CONS REVERSE(L);

END:

LET INLINE h,L) PRIMARY =
1 #INLINE [SEXPR-LIST1  i
MEAN
BEGIN NEW GEN, CDNLIST, LOC, REMDB, FN;
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T
Lt
L
f

1

L
i

I
L

c
t

Ic
L
I

c-

L

CHECKDEF(FN  + L[1,21);
IF ?!DEFINE THEN

BEGIN
GEN + GENSYMO; CONLIST  - < N I L > : LOC + BPORG;
FOR NEW I IN CDR L DO

IF A T O M  I T H E N  I & DEFSYMtI,  LOCI
ELSE DEPOSITiLOC,  GWD(I)) ALSO UPLOCO;

DEFSYMIGEN,  LOCI:
FOR NEW I IN CDR CONLIST  DO

PROG2(DEPOSIT(LOC,  GWD(I)), UPLOCO);
F N .  tL [1,31! 101 + NUMVAL(BPORG);
BPORG - LOC;
END:

IF ?!PRINT THEN
OUTC(T,NIL)  ALSO BASE4 ALSO TERPRI MAPC('PRINT,  L)
ALSO BASE40 ALSO OUTC(NIL,NILI;

PRINTTY FN;
END:

LET SELECT I*,VALFN,*,DOMAIN,SUCFN,TCOND,TERFN)  PRIMARY =
{ S E L E C T  (OPT <EXPRESSION>,

FROM (.ALT [ID1 ': <EXPRESSION> 1 <EXPRESSION>1
{OPT  SUCCESSOR <EXPRESSION>)
iOPT UNLESS <EXFRESS  ION>)
(OPT FINALLY <EXPRESSION>1

MEAN
BEGIN NEW VAR:
CASE DOMAIN[ll  OF

BEGIN
PROG2tVAR  ,- <DOMAIN[21>,  DOMAIN + DOMAIN141);
IF VALFN 1 SUCFN j TCOND ] TERFN THEN

ERRORV'~kRIkBLE  NEEDED IN SELECT EXPRESSION")
ELSE VAR c <INTERTJ  GENSYMO>  ALSO DOMAIN + DOMAINC21;
EN@:

RETURN <* ?&SLCT,  DOMAIN,
IF VALFN  THEN <'FUNCTION, <'LAMBDA, VAR, VALFN[ll>>
ELSE ' (QUOTE  CAR) ,
IF SUCFN THEN <'FUNCTION, <'LAMBDA, VAR, SUCFN[21>>
ELSE '(QUOTE CDR),
IF TCOND THEN <'FUNCTION, <'LAMBDA, VAR, TCOND[21>>
ELSE '(QUOTE NULL),
IF TERFN THEN <'FU?KTION,  <'LAMBDA, VAR, TERFNC21>>
ELSE ' (QUOTE FAILURE)>;

END;

c-
L
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LET RECOMPILE h,FNS,>ir,  IF
i R E C O M P I L E  (REP

ILE,PPN,OFILE)  PRIMARY =
1 M ~[IDENTIFIERI~  'J

! ' IN <FILE> {OPT ' [ [TOKEN] !', [TOKENI !'I )
{OPT 'TO <FILE> 1

Appendix

MEAN
BEGIN NEW NFNS,  N,  ?!PRODUCTiONS,  ?!PRINT, ?!DEFINE;
IF OFILE THEN

IF - ’ PPR I NT.  SUBR THEN
ERR PRINTSTR TERPRI

"USE MLISPZ.PRI  FOR PRINTING"
ELSE OUTFILE('DSK?:,

IF ATOM OFILE +.OFILECZl THEN OFILE
ELSE CAR OFILE,
IF ATOM OFILE THEN NIL ELSE CDR OFILE)
ALSO ?!PRINT c T  A L S O  ?!OEFINE t N I L

E L S E  ? ! P R I N T  t NIL ALSO ?!DEFINE c- T;
FNS i- MAPCAR('CAR,  FNS): % L i s t  o f  f n s  t o  r e c o n i p i  le “/,
N F N S  c LENGTH(FNS); ” f: of fns to reconipi le %06
N 4- 0: ‘: # of fns conipi led so far %
EVAL <'INPUT, IF PPN THEN <PPN I?:? 1, PPN[4,11>  E L S E  ' D S K ? : ,

IFILE>;
INC(T,  N I L ) ;
UNTIL N ECI NFNS 00

B E G I N  N E W  X l ,  X 2 ,  TXl,  TXZ;
I F  ( ( T X 1  t SCAN01  EQ ?!IDTYPE

8 (Xi c INTERN SCNVAL) MEMQ
'(LET EXPR FEXPR LEXPR MACRO)

8 (TX2 + S&&O) EQ ?!IDTYPE
& (X2 + I NTERM  SCNVAL 1 MEMQ FNS 1

1 (Xl  E Q  'INLINE
& (X2 d- SREACltj)  [?I MEMQ FNS
Is; TX2 + ?!SEXPTYPE)

1 iX1 E Q  ' S P E C I A L
S (TX2 ,- SCAN0 1 EQ ?!  IDTYPE
6 x2 t INTERN SCNVAL) THEN
BEGIN
% s e t  iokon s t a c k  t o  c o n t a i n  o n l y  X l  a n d  X 2  %
SET-TOKENS 02, TXl,  X2, TXZ);
% Parse an <EXPRESSION> %
$(pREsS  1 lIJ>i?,$ ( j ;
iF NEXT 1'7: j TiiElJ  FLUSH0
ELSE EF123R  \ ” I LLEi;kL EXPRESSION RECOMPILED");
I F  X l  NEC  'SPECiAL T H E N  N  t N+i;
END

ELSE SKIP-TO-SEMI (:d:L)  ;

1

-
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L

4b

L

(L-

i-

e-
1

i

END;
INCtNIL,  T):
TEF!PRI  TERPRI IF ?!PRINT THEN FINISH-PRINTINGO:
END;

LET DEFINE b&L) PRIMARY =
1 OEFINE IREP 1 M s 1

EIDENTIFIERI
IALT ' P R E F I X  {OPT iTOK

1 [NUMBERI  ! [NUMBERI
( [TOKI iOPT [NUMBER]

I I ',I 3
MEAN
FOR NEW I IN L DO

CASE i [2,11 CF
BEGI&

BEGIN
I [!I.?&PREFIXi9! +-
I  i l l .  ?&R!GHT  i01 +

{OPT [NUMBER11

! [NUMBER11

I ill ;

eL
IF I f&43  THEN I [2,4,11 E L S E  1 0 0 0 ;

IF I [2,31  THEN
I i2,3,:l.?GPREFIX(BI  c I [II;

END;

BEGIN
I [lI.?GEFT i0I c Ii2,Zl;
I [il.?tZ~IGHTI01  t I [2,3,21;
END:

END;

I [2,21 ,?&INFI>iI01  t IE13;
IF I [2,31 THEN

I [ll.?&LEFT i01 + I [2,3,11
ALSO  I[13 .?GRIGHT  i01 + I K!,3,2,21;

END;

i

LET COMMENT t>k) PRIMARY =
t COMMENT [SKIP-TO-SEMI (T)l  1

MEAN NIL:
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L E T  S P E C I A L S  hic,~) PRIMARY =
1 S P E C I A L <IDLIST>  I

MEAN
MAPCVSPECIALDEC,  L);

LET LAMBDA-BODY h,VARS,PVARS,~,*,EX)  =
I !‘( <VARIABLES>  iOPT  ': <VARIABLE%4  !'I !': < E X P R E S S I O N >  3

MEGiN
<'LAMRDA,  VARS,

IF PVARS THEN <'PROG, PVARSCZI, < ' R E T U R N ,  EX>>
ELSE EX>:

LET DECLARATIONS iL) =
i IREP 0 M >IC  1 1ALT NEW I SPECIAL1 <IDLIST>  !'; 13 1

MEAN
FOR NEW I IN L COLLECT

IF I [l,ll EQ 1 THEN I [21
E L S E  MAPCVSPECIALDEC,  I Ul):

L E T  E X P R E S S I O N S  (L) =
i {REP 0  M  Y kEXPRESSION>r  '; [FLUSH11  1

MEAN
MAFCARt'CAR, L);

L E T  IDLIST  (L) =
I IREP 0 M sk WD3~  ‘,I 1

MEAN
MAPCARt'CAR,  L):

L E T  V A R I A B L E S  (L) =
I (REP 0 M * ((OPT S P E C I A L ) WI1 1 ‘J I

MEAN
MAPCARtFUNCTIONtLAMBDA  oil;

IF C A R  X  T H E N  SPECIALDEC(XK!l)  E L S E  XUI),  L);
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i ndex
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DELIMITER 63, 67
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ERROR 71
EXPR 54
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ISSTRING 67

LAPIN 72
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NEXT 68
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NUrlBER 63, 67

operator precedence hierarchy 58, 61
OPT 24, 31, 35, 36, 42, 43, 50

PARSE 64, 65, 66
PATTERN "'i
pattern mi;cher- 5, 24, 26, 34
pattern matching 1, 3, 30, 34, 44
PEEK 68
prefix 11, 58, 53
PREFIX 57
PRITIARY  4, 11, 13, 15, 16, 19, 45, 46
PRINTTY 72
production 4, 13, 14, 23, 24, 25, 26, 33, 45
PROGRAM 4, 11, 12, 13, 14, 19, 24, 64, 73
PROPERTY 68
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STRING 63, 67
SUCCESS 7
syntax 23, 25, 26, 27, 30, 35, 37, 42, 44
syntax description lancjuage 30, 31, 33, 34, 35, 50

TOKEN 67, 68
token type 67
translator [Jri ting 2, 13, 24

vector operator 11, 18, 59, 73
vectors 11

WARNING 71

91

i
c

t



t 
(’


