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ALEPH., A  Language Encou rag ing  Prog ram Hie ra rc h y-  -  -  _  -

Rob Bosch ,  D i c k  Grime ,  L a mb e rt  Me e rte n s
Ma th e ma t ica l Ce n t re ,  Amste rdam, t h e  Ne th e rla n d s

p u b lish e d  i n  Proceed ings o f  t h e  I n t e rn a t i o n a l  Computing Symposium 1973 i n
Davos, S w i t z e r l a n d

An ALEPH p ro g ra m c o n s is t s  o f  a  s e t  o f  g ra mma r-l ike  d e fi n i t i o n s  o f  in p u t ,
a c t io n s  t o  b e  p e rfo rme d  a n d  o u t p u t ,  p r o p e r l y  i n t e r re l a t e d .  T h e  s y n t a c t i c
and se ma n t ic  s i m p l i c i t y  o f  ALEPH h a s t h re e  imp o rt a n t  consequences: a s p e c t s
o f  t h e  d y n a m i c  b e h a v i o r  o f  t h e  p r o g r a m  c a n  b e  d e r i v e d  s t a t i c a l l y ,
s u b s t a n t ia l  o p t i m i z a t i o n  c a n  b e  a ch ie ve d  t h r o u g h  s i m p l e  a lg o r i t h ms ,  a n d
p o r t a b i l i t y  i s  h ig h .  Th e  a sp e ct s  o f  t h e  dynamic b e h a v io r in c lu d e  a  check o n
th e  u se  o f  u n i n i t i a l i z e d  v a r i a b l e s  and  a  co n s is te n cy ch e ck o n  u se r-d e c la re d
dynamic p ro p e r t i e s  o f  r u l e s .  T h e  o p t i m i z  a b i l i t y  o f  ALEPH programs a l lo ws
the  p rog rammer t o  f o rmu la t e  a lg o r i t h ms  w i t h  a l l  t h e  e legance  in h e re n t  i n  a
top-down f o rmu la t i o n  and  n e ve rt h e le ss  o b t a in  good machine code .

1. I n t r o d u c t i o n .
ALEPH i s  a  h i g h - l e v e l  p rog ramming  language designed  t o  in d u ce  t h e  u se r t o
w r i t e  h i s  p ro g ra ms i n  a  w e l l - s t r u c t u re d  way.  T h e  language  i s  s u i t a b le  f o r
any p ro b le m t h a t  su g g e sts t o p -d o w n  a n a l y s i s  (p a rs e rs ,  s e a r c h  a lg o r i t h ms ,
co mb in a t o r ia l  p ro b le ms,  a r t i fi c i a l  i n t e l l i g e n c e  p ro b le ms e t c . ) .
An ALEPH p ro g ra m i s  a  top -dawn  d e s c r i p t i o n  o f  wha t  i s  t o  b e  done: c o m p l e x
a c t io n s  a re  d e fin e d  i n  t e rms o f  ( u s u a l l y )  l e s s  comp lex ones, w h i c h  i n  t u rn
are  d e fi n e d  i n  t e rms o f  s t i l l  s i m p l e r  o n e s ,  a n d  so  o n ,  u n t i l  a  l e v e l  i s
reached a t  wh ic h  f u r t h e r  d e co mp o sit io n  i s  u n d e s i ra b le .
An ALE PH p ro g ra m c o n s is t s  o f  a  s e t  o f  su ch  d e fi n i t i o n s ,  i n  a  n o t a t io n  n o t
u n l i k e  t h e  r u l e s  o f  a n  a f fi x  g ra mma r (K o s t e r  [ 1 , 2 ] ,  C r o w e  [ 3 ] ) .  I n  f a c t ,
many o f  t h e  id e a s  i n  ALE PH were  d e r i v e d  f ro m th e  t h e o ry  o f  a f fi x  g rammars;
f o r  example ,  r e p e t i t i o n  i s  e xp re sse d ,  n o t  b y  a  go to  o r  -
w h i l e  s t a t e m e n t  b u tb y  wh a t  i n  a  grammar wo u ld  be  c a l l e d  ' r i g h t  re c u rs i o n ' .

The s y n t a x  e n d  se ma n t ics  o f  ALEPH a r e  s o  s imp le  t h a t  i t  i s  p o ss ib le  t o
s t a t i c a l l y  d e r i v e  i n t e r e s t i n g  p r o p e r t i e s  o f  t h e  dynamic b e h a vio r o f  t h e
program. F o r  example ,  t h e  c o mp i l e r  ca n  e a s i l y  v e r i f y  t h a t  no  v a r ia b le  w i l l
be u se d  b e f o re  o b t a in in g  a  va lu e .  T h u s  t h e  use  o f  u n i n i t i a l i z e d  v a r ia b le s
i s  p re ve n t e d  i n  a  n a t u ra l  w a y ,  w i t h o u t  r e s o r t i n g  t o  t h e  (d a n g e ro u s )
t r i c k  o f  a u t o ma t ic  i n i t i a l i z a t i o n .  A l s o ,  t h e  c o mp i le r  c a n  d e t e c t  l o g i c a l
co n s t ru c t io n s  t h a t  i m p l y  wha t  i s  g e n e ra l l y  c a l l e d  ' b a c k t ra c k ' ,  a n d  p ro v id e
a message. T h e  s i g n a l l i n g  o f  in a d ve rt e d  b a ck t ra ck  appears t o  be  a  p o we rfu l
weapon A g a in s t  messy p rogramming .
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The s y n t a c t i c  s i m p l i c i t y  o f  ALEPH programs ca n  be u t i l i z e d  f o r  a  d i f f e r e n t
purpose: o p t i m i z a t i o n .  T h e  c o mp i le r  c a n  t ra n s f o rm t h e  p ro g ra m i n t o  a
d i re c t e d  g raph  a n d  t h e re b y  r e a d i l y  d e t e c t  re c u rs io n ,  t h u s  p e r m i t t i n g  a
more e f fi c i e n t  t r a n s l a t i o n  o f  n o n -re cu rs ive  co n s t ru c t s .  F u r t h e r m o r e ,  t h i s
d i re c t e d  g ra p h  can  b e  u se d  f o r  sto ra g e  o p t imiz a t io n .  T h u s  t h e  p rog rammer
can f o rmu la t e  a lg o r i t h ms  w i t h  a l l  t h e  e legance  i n h e r e n t  i n  a  to p -d a wn
f o rmu la t io n  and n e ve rt h e le ss  o b t a in  g o o d  machine c o d e  (p ro b a b ly  even  more
compact t h a n  he c o u ld  have  s a f e l y  w r i t t e n  h i ms e l f ) .

Because t h e  se ma n t ic  p r i m i t i v e s  n e e d e d  f o r  t h e  t r a n s l a t i o n  a r e  s m a l l
i n  n u mb e r a n d  s i m p l e  i n  n a t u r e  ( ' p a s s  p a ra me t e r ' ,  ' c a l l  p r o c e d u r e
c o n d i t i o n a l l y ' ,  e t c . ) ,  t h e  t r a n s f e r  o f  t h e  c o mp i le r  f r o m  o n e  mach ine
t o  a n o t h e r i s  q u i t e  s t ra i g h t f o rw a rd .  A s ,  h o we v e r ,  a d d i t i o n a l  s e m a n t i c
p r i m i t i v e s  may be  d e fin e d  b y  t h e  programmer ( e . g . ,  m u l t i l e n g t h  a r i t h me t i c ,

co n ve rt  t o  hash  co d e ' ,  o r  wha teve r h e  t h i n k s  i s  a  p r i m i t i v e  o f  h i s
p ro b le m),  t h e  p o r t a b i l i t y  o f  t h e  p rog ram ( a s  opposed t o  t h a t  o f  t h e
co mp i le r) i s  d e te rmin e d  b y  t h e  p o r t a b i l i t y  o f  th e se  p ro g ra mme r-d e fin e d
p r i m i t i v e s .

The p re se n t  w o r k  i s  a  co n t in u a t io n  o f  t h e  re se a rch  s t a r t e d  b y  C . H . A -
Ko ste r,  w h i c h  re s u l t e d  i n  t h e  development o f  CDL ( C o m p i l e r  De s c r i p t i o n
Language) [ 4 ] .  H i s  CDL -co mp i le r g a v e  us a  g re a t  d e a l  o f  e xp e rie n ce  w i t h
a f fi x -g ra mma r- l i k e  la n g u a g e s,  f r o m  wh ich  ALEPH has b e n e fi t t e d .
A two -p a ss c o m p i l e r  i s  a v a i l a b l e  and a n  o p t imiz in g  t w o - p a s s  c o mp i l e r  i s
under co n s t ru c t io n .  T h e s e  co mp i le rs ,  t h e mse lve s w r i t t e n  i n  ALEPH, a r e  t o  a
la rg e  e x t e n t  mach ine -independen t .  O u r  ve rs io n s  y i e l d  assemb ly language  code
f o r  t h e  CDC Cyb e r Compute rs.
ALEPH i s  p re s e n t l y  b e in g  u se d  f o r  t h e  c o n s t ru c t io n  o f  a  mach ine -independen t
ALGOL68 co mp i le r .

I t  sh o u ld  be b o rn e  i a  min d  t h a t  t h i s  p a p e r i s  n o t  a n  ALEPH manua l:  i t  does
no t  c o v e r  t h e  co mp le te  la nguag e .  I n s t e a d  a  mo t iva te d  a cco u n t  o f  t h e  mo st
s a l i e n t  p o in t s  i s  g iv e n .  A n  ALEPH manual i s  due t o  appea r i n  a  f e w months
a t  t h e  Ma th e ma t ica l Ce n t re ,  Amste rdam
) T h e  N e t h e r l a n d s .

2. C r i t e r i a .

2 .1 .  G o a ls .
Our ma in  g o a ls  i n  t h e  d e s ig n  o f  ALEPH were t h e  f o l l o w i n g :
a. I t  mu st  a l l o w  g o o d  p rogramming  a t  a  reasonab le  e f f o r t  and  a  modera te
p r i c e .
b .  S i n c e  ALEPH i s  a  t o o l  a n d  n o t  a  g o a l i n  i t s e l f  t h e  c o mp i le r  f o r  i t  mu st
be s imp le .
c.  T o  a l l o w  t h e  a p p l i c a t i o n  o f  t h e  a lg o r i t h ms  w r i t t e n  i n  ALEPH o n  a  wid e
range o f  machines, t h e  c o m p i l e r  mast be  p o r t a b le  ( a s  f a r  a s p o s s i b l e ) .

The above re q u ire me n ts  w e r e  augmented b y  two  more  re q u ire me n ts  o f  a  more
p ra c t i c a l  n a t u re :
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non -numeric s y mb o l ic  p rog ramming .  ( N o t e :  t h i s  t e x t  was j u s t i fi e d  b y  a  t e x t
j u s t i fi e r  w r i t t e n  i n  ALEPH).
e. S in c e  i t  was c l e a r  t h a t  we s h a l l  have  t o  d o  f o r  a  lo n g  t ime  t o  cone w i t h
e a r l y  and mid  t h i r d  g e n e re a t io n  compu t ing  equ ipment ,  t h e  c o mp i le r  must n o t
re q u i re  a n y  advanced h a rd wa re .

2 .2 .  Good p rog ramming .
Two d i f f e r e n t  approaches w e r e  t a k e n  f o r  t h e  e f f e c t i n g  o f  su ch  a  vague
n o t io n  a s  " g o o d  p rog ramming " .  F i r s t l y  t h e  l i t e r a t u r e  co n t a in s  id e a s  a b o u t
wha t  c o n s t i t u t e s  good p rogramming  (Da h l  [ 7 ] ,  D i j k s t r a  [ 5 ,  8 ] ,  W i r t h  [ 9 ] ,  t o
men t ion  a  f e w) ;  many o f  t h e se  id e a s  we re  in c o rp o ra t e d .  S e c o n d l y
)  w e  o f t e nfound i t  much e a s i e r  t o  re co g n ize  b a d  programming a n d  f o r b i d  i t  t h a n  t o
re co g n ize  good  programming and  t o  p ro mo te  i t .
I t  i s  n o t  g e n e ra l l y  p o s s ib le  t o  d i s a l l o w  bad  programming: a  language t h a t
i s  p o we r f u l  enough t o  f o rmu la t e  a n y  a lg o r i t h m i n  i t  i s  a l s o  p o we rf u l  enough
to  f o rmu la t e  i t  me s s i l y .  N e v e r t h e l e s s ,  i t  i s  o f t e n  p o s s ib le  t o  make t h e
" d e s i ra b le "  c o n s t ru c t i o n  m o r e  co n ve n ie n t  t h a n  a n  " u n d e s i ra b le "  one :  t h e
usage o f  a  language d o e s  n o t  s o  much depend o n  i t s  p o s s i b l i t i e s  ( i t ' s
a Tu r in g  mach ine  a n y w a y )  a s  o n  t h e  co n ve n ie n cy o f  t h e se  p o s s i b i l i t i e s .
A lthough  i t  i s  p e r f e c t l y  p o s s i b l e  t o  w r i t e  re c u rs i v e  ro u t i n e s  i n  FORTRAN,
h a rd l y  anybody e v e r  does s o  s i n c e  t h e  a d mi n i s t ra t i o n  i s  j u s t  t o o  cumbersome
and, c o n v e r s e l y  b u t  a n a lo g o u s ly ,  i t  i s  p e r f e c t l y  p o s s i b l e  t o  " ju mp  a l l
o ve r t h e  p la c e "  i n  ALEPH b u t  h a r d l y  anybody e v e r  d o e s  s o  s i n c e  t h e
a d min i s t ra t i o n  i s  j u s t  t o o  cumbersome.
I t  sh o u ld  b e  n o t e d  t h a t ,  s u r p r i s i n g l y ,  i t  i s  somet imes p o s s ib le  t o  f o r b i d
bad p rog ramming :  f o r  example ,  mo s t  h i g h - l e v e l  languages e f f e c t i v e l y  p re ve n t
a ju mp  t o  d a t a .

2 .3 .  E f f o r t .
We r e q u i r e  t h e  "good  p ro g ra mmin g "  t o  b e  a v a i l a b l e  " a t  a  re a s o n a b le
e f f o r t " .  Co n s e q u e n t l y ,  i f  a  f e a t u re  t h a t  i s  n o rma l l y  p re se n t  a n d  u s e f u l
i n  p rogramming  languages i s  b a n ish e d  f ro m ALEPH, a n  a cce p ta b le  a l t e rn a t i v e
shou ld  be  p re s e n t .

2 .4 .  P r i c e .
We a l s o  r e q u i r e  t h e  "good  p rog ramming"  " a t  a  re a so n a b le  p r i c e " .  S i n c e  t h e
o n ly  way t o  p ro g ra m a  machine e f fi c i e n t l y  i s  i n  h a rd  machine c o d e ,  w e
shou ld  b e  w i l l i n g  t o  a cce p t  c e r t a i n  l o s s e s  f o r  w r i t i n g  i n  a  h i g h - l e v e l
language. T h e s e  lo s s e s ,  h o w e v e r ,  m u s t  n o t  depend o n  t h e  s t y l e  o f
programming i n  su ch  a  way a s  t o  f o s t e r  b a d  programming: f o r  example, i n
many h i g h - l e v e l  l a n g u a g e s  i t  i s  more  e f fi c i e n t  t o  p a s s  i n f o rma t io n  t o
su b ro u t in e s i n  g lo b a l  v a r i a b l e s  t h a n  i n  p a ra me te rs.  Co n se q u e n t ly,  t h e  ALEPH
co mp i le r w i l l  have  t o  d o  th o ro u g h  o p t im iz a t i o n ,  a n d ,  f o r  s i mp l i c t y ,  t h e
co n s t ru c t io n s  i n  t h e  language s h o u ld  a l l o w  e a sy o p t imiz a t io n .

2 .5 .  S i m p l i c i t y .
The re q u i re d  s i m p l i c i t y  o f  t h e  c o mp i l e r  c o n fl i c t s  w i t h  t h e  tendency t o
make ALEPH a s  h i g h - l e v e l  a s  p o s s i b l e  a n d  w i t h  t h e  need f o r  e x t e n s i v e
o p t imiz a t io n .  Some t r a d e - o f f  i s  t o  b e  e xp e cte d  h e re .
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2 .6 ,  P o r t a b i l i t y .
The g re a t e s t  p r o b l e m  i n  p o r t a b i l i t y  i s  t h e  p o r t a b i l i t y  o f  t h e  o b j e c t  code .
Our s o l u t i o n  i s  t o  p roduce  mach ine-independent o b je c t  code o f  a n  e x t re me ly
simp le  n a t u re .  T h i s  code  ca n  be  produced i n t e r n a l l y  and co n ve rte d  d i r e c t l y
t o  p e r t i n e n t  ma ch in e  code ( f o r  p ro d u ct io n ) o r  ca n  be p roduced  e x t e r n a l l y
and t h e n  b e  co n ve rte d  s e p a r a t e l y  b y  a  s i m p l e  a d - h o c  p r o g r a m  ( d u r i n g
h a l f -b o o t s t ra p p in g ) .

2 .7 .  Ha rdwa re .
Fancy hardware  l i k e  v i r t u a l  me mo ry ,  h a rd wa re  s t a c k  o r  microp rog ramming  i s
n o t  supposed a v p i la b le .  Co n se q u e n t ly,  s o me  f a i r l y  e la b o ra t e  o p t im i z a t i o n s ,
l i k e  ch e ck o n  n o n - re c u rs i v i t y ,  a r e  wo rt h  wh i l e .  N e v e r t h e l e s s  t h e  o b j e c t
code c o u ld  s t i l l  make good usage o f  t h e  above advanced f e a t u re s .

3. Th e  Language.

3 .1 .  Th e  grammar f o rm.
I t  i s  w e l l  known t h a t  a  grammar i s  a n  e x c e l le n t  me a n s  f o r  s p e c i f y i n g
c l e a r l y  and t ra n s p a re n t ly  t h e  i n p u t  t o  a  p rogram. W i t h  t h e  same ease  w i t h
wh ich  we s p e c i f y  a  l i s t  o f  numbers sepa ra ted  b y  commas:

in p u t :  number,  r e s t  numbers o p t io n .
re s t  numbers o p t io n :

comma symbol,  number,  r e s t  numbers o p t io n ;
empty.

(o r ,  i n  Backus Norma l Fo rm,
< in p u t > : : =  <humber><rest numbers o p t io h >
< re s t  numbers o p t io h > : : =

<comma symboi><number><test numbers o p t io h >  I
<empty>

we s p e c i f y  a  (se e min g ly  much more co mp lica te d ) p a re n th e s ize d  t r e e  i n  i n fi x
n o t a t io n :

t re e :  i t e m ;
open symbo l,  t r e e ,  i t e m ,  t r e e ,  c l o s e  symbo l.

it e m:  l e t t e r .

I t  i s  a l s o  w e l l  known t h a t  u n d e r a  wide  v a r i e t y  o f  c i rcu mst a n ce s  s u c h  a
grammar c a n  be co n sid e re d  a s  a  program t o  re a d  t h e  i n p u t  d e sc rib e d :  f o r
read ing  " i n p u t " ,  re a d  a  "number"  and  t h e n  re a d  a  " r e s t  numbers o p t i o n " .  F o r
read ing  a  " r e s t  numbers o p t i o n " ,  e i t h e r  i f  t h e re  i s  a  comma re a d  i t ,  r e a d  a
"number" and  re a d  a  " r e s t  numbers o p t io n " ,  o r  y o u ' re  done.
Of co u rse  t h e r e  i s  n o  re a so n  w h y  a  grammar sh o u ld  o n l y  be  used  f o r  t h e
d e fi n i t i o n  o f  i n p u t  i n s t r u c t i o n s .  Th e  grammar

s o r t :  s p l i t  i n t o  two  l i s t s ,  s o r t  fi r s t  l i s t ,
so rt  second l i s t ,  me rg e .

s o r t  fi r s t  l i s t :  i s  o rd e re d ;  s o r t .
s o r t  second l i s t :  i s  o rd e re d ;  s o r t .
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d e scrib e s  a  wid e ly -u se d  s o r t i n g  t e ch n iq u e ,  o r  r a t h e r  a  f s m i l y  o f  t h e se .
Here t h e  g re a t  va lu e  o f  grammars a s  a  programming d e v ice  becomes p ro min e n t :
we a re  f o rc e d  fi r s t  t o  d e fi n e  t h e  g e n e ra l  s k e le t o n  o f  t h e  p rog ram i n  a
c l e a r  way a n d  t h e n  t o  r e fi n e  t h e  a l g o r i t h m b y  fi l l i n g  i n  t h e  d e t a i l s  i n  a
h i e r a r c h i c a l  d e sce n t .  A f t e r  t h e  above d e fi n i t i o n  t h e  a c t u a l  f o rms  o f  " s p l i t
i n t o  t wo  l i s t s " ,  " m e r g e "  a n d  " i s  o rd e re d "  a r e  s t i l l  o p e n .  T h e  r u l e  f o r

o rd e re d "  c o u ld  d e c id e  t h a t  o n l y  o n e  e le me n t  i s  o rd e re d ,  o r  even t h a t
up t o  t h re e  e le me n ts a re  o rd e re d  b y  s t ra i g h t f o rwa rd  rea rrangemen t ,  w i t h o u t
a f f e c t i n g  t h e  b a s i c  wo rk in g s  o f  t h e  a lg o r i t h m.  " s p l i t  i n t o  t wo  l i s t s "  c o u ld
j u s t  c u t  t h e  l i s t  i n  t h e  mid d le  a n d  t h e n  "merge"  wo u ld  have t o  b e  f a i r l y
co mp lica te d ,  o r  i t  co u ld  s p l i t  t h e  l i s t  i n t o  t wo  l i s t s  i n  such  a w a y  t h a t
a l l  t h e  e le me n ts  i n  t h e  fi r s t  l i s t  a r e  s mA l l e r  t h a n  th o se  i n  t h e  second
l i s t ,  " m e r g e "  wo u ld  t h e n  b e  e mp ty  a n d  w e  wo u ld  o b t a i n  Q u ickso rt  ( H o a r e
[101).

The f o rmu l a t i o n  o f  a lg o r i t h ms  i n  t h e  f o rm  o f  a  grammar h a s ,  i n  t h e  t h re e
yea rs o f  o u r  e xp e rie n ce ,  p r o v e n  t o  b e  a n  e x c e l l e n t  t e ch n iq u e  f o r  enhancing
t h e i r  we l l -s t ru c t u re d n e s s .

Once h a v i n g  d e c i d e d  t h a t  t h e  g ra mma r-fo rm w i l l  b e  t h e  b a s i s  o f  o u r
language w e  mu st  a n swe r t h r e e  fu n d a me n ta l q u e s t i o n s .  W h a t  i s  t h e  e x a c t
fl o w-o f -c o n t ro l ?  H o w  d o  r u l e s  communicate? A n d  h o w  i s  t h e  s e ma n t i c s
s p e c ifi e d  f o r  r u l e s  t h a t  a r e  n o t  f u r t h e r  decomposable ( t e r m i n a l  symbo ls)?
Fu rth e rmo re  we s h a l l  have  t o  p ro v id e  d a t a  t yp e s an d  some in p u t -o u t p u t ,  a n d
f o r  t h e  b e n e fi t  o f  t h e  u s e r  we s h a l l  have  t o  add  some s y n t a c t i c  su g a r.

3 .2 .  Th e  fl o w - o f - c o n t r o l .
From a  f o rma l  p o i n t  o f  v ie w  t h e  r u l e  f o r  " t re e "  me n t io n e d  above sh o u ld  be
read  a s :  t h e r e  i s  a  t re e  e i t h e r  i f  t h e re  i s  a n  i t e m  o r  i f  t h e re  i s  a n
open-symbo l,  f o l l o w e d  b y  a  t re e ,  a n  i t e m,  a n o t h e r  t r e e  a ra  a  c lo se -symb o l.
The fl o w
,
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an i t e m  and, i f  t h a t  f a i l s ,  c h e c k  f o r  a  su cce ssio n  o f  open-symbo l,  t r e e ,
it e m,  t r e e  a n d  c lo se -symb o l a n d  i f  t h e se  a re  n o t  s l l  p re s e n t  t h e n  t h e re
i s  n o  t r e e .  T h i s  i n t e r p r e t a t i o n  i s  unaccep tab le  s i n c e  i t  ca n  o n l y  b e
implemented t h ro u g h  t h e  u se  o f  a u t o ma t ic  b a ck t ra ck in g .  Mo re o v e r ,  i t  i s  n o t
even adequate .  S u p p o se  w e  wa n t  t o  i n s p e c t  two  o b je c t s ,  i f  t h e y  a r e  b o t h
in t e g e r  add  th e m and i f  t h e y  a re  b o t h  c h a ra c t e r  conca tena te  them:

combine:
i s  fi r s t  i n t e g e r ,  i s  second  i n t e g e r ,  a d d ;
i s  fi r s t  c h a r ,  i s  second  ch a r,  co n ca te n a te .

I f  " i s  fi r s t  i n t e g e r "  now succeeds a n d  " i s  second i n t e g e e  f a i l s ,  t h e n  we
are n o t  a t  a l l  i n t e re s t e d  i n  t h e  second  a l t e r n a t i v e  a n d  "comb ine"  s h o u l d
f s i l  r i g h t  a w a y .  I n  o u r  e xp e rie n ce  t h e  b e s t  p rog rams a r e  t h o se  i n  wh ich
i n  a l l  r u l e s  t h e  fi r s t  members o f  t h e  a l t e r n a t i v e s  s u c c e e d  u n d e r mu t u a l ly
e xc lu s ive  c i rcu mst a n ce s .  T h e  fi r s t  member o f  a n  a l t e r n a t i v e  c a n  th e n  b e
conside red  a s  t h e  k e y  t o  t h a t  a l t e rn a t i v e :  i f  t h e  k e y  fi t s ,  t h e  o t h e r
a l t e rn a t i v e s  a re  n o  l o n g e r  o f  i n t e r e s t .  Th e re  i s  a  s t ro n g  a n a lo g y he re  w i t h
LL (1 )-g rammars (K n u t h  [ 1 1 ] ) .  I n  a n  L L (1 )-g rwma a r
l  i f  t h e  fi r s t  
s y m b o l  i s
p re se n t  ( t h e  fi r s t  member su cce e d s) t h e  r e s t  o f  t h e  a l t e r n a t i v e  i s  known t o
be p re se n t  ( f u r t h e r  members ca n n o t  f a i l ) ,  t h e r e b y  co mp le t e ly  removing  t h e
prob lem o f  b a ck t ra ck .  T h e  above examp le ,  h o w e v e r ,  s h o w s  t h a t  t h i s  i s  t o o
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s t r in g e n t  a  re q u ire me n t  f o r  a  computer la n g u a g e  s in c e  i t  wo u ld  e f f e c t i v e l y
f o rb i d  t h e  l o g i c a l  co n ju n c t io n .  S o  we a r r i v e  a t  t h e  f o l l o w i n g  r u l e  f o r  t h e
fl o w  o f  c o n t ro l :  t h e  fi r s t  member s e le c t s  t h e  p e r t a in in g  a l t e rn a t i v e ,  i f
any; t h e  r u l e  succeeds i f  R31 members i n  t h e  p e r t a in in g  a l t e r n a t i v e  succeed
and i t  f a i l s  i f  one o f  th e se  members f a i l s  o r  i f  n o  a l t e r n a t i v e  w a s
se le cte d .

As a n  imp o rt a n t  consequence t h e r e  i s  o n l y  one w a y  t o  re a ch  a  g iv e n  member
M i n  a  g ive n  a l t e rn a t i v e  A :  a l l  fi r s t  members o f  a l t e rn a t i v e s  p re ce d in g  A
must have f R i l e d  and a l l  members i n  A  p reced ing  M must have  succeeded. T h i s
simp le  r u l e  i s  o f t e n  u s e d  i n  d e r i v in g  a sse rt io n s  a b o u t  t h e  p rog ram,  b o t h
me ch a n ica l ly  ( e . g . ,  c h e c k  on  s t a t u s  i n  3 . 3 .  a n d  check o n  l e f t - r e c u r s i v i t y )
and. b y  hand.

The above i n t e r p r e t a t i o n  re in t ro d u ce s  t h e  p ro b le m o f  b a ck t ra ck .  Ho we v e r ,
no t  a l l  " t wo  q u e st io n s i n  a  row"  g i v e  r i s e  t o  b a ck t ra ck :  i n  t h e  s imp le
comparison o f  t h re e  numbers:

equa l a  b  and c :  e q u a l  a  and b ,eque l b  and c .

the  fi r s t  member m a y  succeed a n d  t h e  s e c o n d  f a i l ,  w i t h o u t  r e q u i r i n g
b a ckt ra ck .  T h e r e f o r e  r u l e s  a re  d iv id e d  i n t o  two  g roups,  t h o s e  t h a t  e f f e c t
g lo b a l changes (" h a ve  s i d e -e f f e c t s " )  a n d  th o se  t h a t  do n o t .  T h e  r u l e  f o r
co n s t ru c t in g  a l t e rn a t i v e s  i s  th e n :  o n c e  a  r u l e  w i t h  s i d e -e f f e c t s  h a s been
ca l le d ,  t h e  r e s t  o f  t h e  a l t e rn a t i v e  must  be guaran teed  t o  succeed .

Although t h e  c o m p i l e r  c o u l d  i t s e l f  d e t e rmin e  w h e t h e r  a  r u l e  h a s
s id e -e f f e c t s ,  t h i s  i s  n o t  done. I n s t e a d ,  t h i s  i n f o rma t i o n  i s  g i v e n  b y
the  u s e r  a n d  checked b y  th e  co mp i le r,  a s  a  f o rm o f  u s e f u l  redundancy.
Of ten  a  concep tua l e r r o r  re s u l t s  i n  a  ru l e  t h a t  was t h o u g h t  t o  b e  f r e e  o f
s id e -e f f e c t s  h a v in g  s i d e -e f f e c t s .

I n  t h e  above, r u l e s  a r e  used  t o  d e cid e  t h e  presence o f  t h e  d e s r i b e d
co n st ru c t s ,  e . g . ,  t r e e s  (a n d ,  p o s s i b l y ,  t o  p ro ce ss th e m).  I n  many ca se s,
however, t h e  p rogrammer knows t h a t  t h e  c o n s t ru c t  i s  p re se n t :  t h e  t r e e  mu st
be p re se n t  o r  someth ing  i s  wrong:

t re e :  i t e m ;
open symbo l,  t r e e ,  i t e m ,  t r e e ,  c l o s e  symb o l;
e r r o r  message.

Ru les a r e  a g a in  d iv id e d  i n t o  t w o  g roups:  t h o s e  t h a t  c a n  f a i l  a n d  t h o se
t h a t  a lwa ys succeed. A s  b e fo re ,  t h e  c o mp i le r  co u ld  fi n d  t h i s  o u t ,  b u t  f o r
reasons e xp la in e d  a b o v e  t h e  programmer s p e c i fi e s  h i s  o p in io n  o n  t h e  r u l e ,
wh ich  o p in io n  i s  t h e n  checked b y  th e  c o mp i le r .  A n d  a g a in ,  t h i s  f o r m  o f
redundancy p ro ve s t o  b e  v e ry  u se f u l .
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The t wo  d i v i s i o n  c r i t e r i a  can  be  co mb in e d
) y i e l d i n g  f o u r  
g r o u p s :has s i d e - e f f e c t s :

has n o  s i d e -e f f e c t s :
has s i d e - e f f e c t s :
has n o  s i d e - e f f e c t s :

' p re d ic a t e '
' q u e s t io n '
' a c t i o n '
' f u n c t i o n '

7

I n  t h i s  t e rmin o lo g y  " t r e e "  sh o u ld  b e  a n  ' a c t i o n ' .  N o v  t h e  i t e m  between t h e
two t r e e s  may be mis s in g ,  s o  a  programmer mig h t  w r i t e :

' a c t i o n '  t r e e :  i t e m ;
open symb o l,  t r e e
)  r e s t  
t r e e ;
e r r o r  message.

' a c t i o n '  r e s t  t r e e :
ite m,  t r e e ,  c l o s e  symb o l;  e r r o r  message.

The c o mp i l e r  w o u l d  fi n d  t w o  e r r o r s  ( g i v e n  s u i t a b le  d e fi n i t i o n s  f o r  t h e
miss in g  r u l e s ) .  " R e s t  t re e "  i s  n o t  a n  ' a c t i o n ' ,  a n d  t h e  " c lo s e  symb o l"
causes b a c k t ra c k  ( o v e r  t r e e  a n d  i t e m ) .  T h e s e  t w o  e r r o r s ,  a d m i t t e d l y
simp le  a s  t h e y  a r e ,  w o u l d  p ro b a b ly  n o t  b e  d e t e c t e d  i n  most  co n ve n t io n a l
programming la n g u a g e s  a n d  wo u ld  b e  c a l l e d  b y  m a n y  p e o p l e  " c o n c e p t u a l
e r ro rs "  r a t h e r  t h a n  " s y n t a c t i c  e r r o r s " .

3 .3 .  Th e  p a ra me te r mechanism.
A l l  t h e  above  grammars a re  c o n t e x t - f re e  a n d  a s su ch  t h e y  a re  inadequa te  t o
express a c t u a l  a lg o r i t h ms .  Wh a t  i s  needed i s  a w a y  o f  commun ica t ion  between
th e  n o t io n s  i n  a  r u l e .  F o rma l l y  su ch  a  way i s  p ro v id e d  b y  t h e  a f fi x e s  i n  a n
a f fix -g ra mma r (K o s t e r  [ 2 ] ) :  A L E P H u s e s  a  p a rame te r mechanism t h a t  i s  v e r y
much a k i n .

A l l  f o r m a l  v a r i a b l e s  (p a ra me t e rs ) a r e  l o c a l  t o  t h e  r u l e  t h e y  be long  t o ,
as a re  t h e  l o c a l  v a r i a b l e s .  S o m e  f o r m a l  v a r i a b l e s  a r e  p r e fi l l e d  a t
c a l l  e n t r y  w i t h  t h e  va lu e s  o f  t h e  a c t u a l  p a ra me t e rs  ( c o r re s p o n d in g  t o
1 -b o u n d -a f fi x e s ) ,  s o m e  f o rma l  v a r i a b l e s  a r e  s t i l l  u n i n i t i a l i z e d  a t  c a l l

e n t ry  b u t  t h e i r  va lu e s  w i l l  b e  u se d  b y  t h e  c a l l i n g  r u l e  (co rre sp o n d in g  t o
6 -b o u n d -a f fi x e s ) ,  a n d  some a re  b o t h  ( n o t  co rre sp o n d in g  t o  a n  a f fi x  t y p e ) .

A l l  l o c a l  v a r i a b l e s  a re  u n i n i t i a l i z e d  a t  c a l l  e n t r y .  Th e  r u l e  i s  o b l ig e d  t o
g ive  v a lu e s  t o  t h o se  p a ra me te rs t h a t  w i l l  be  used  b y  t h e  c a l l e r .  Ho we v e r ,
i f  t h e  r u l e  f a i l s ,  t h e  c a l l e r  w i l l  n e ve r n e e d  th e se  va lu e s :  t h e y  w i l l
n o t  e ve n  b e  passed b a c k  a t  c a l l  e x i t ,  s o  t h a t  i n  t h a t  c a s e  t h e  r u l e
does n o t  have  t o  p ro v id e  t h e m .  T h i s  " co p y-ma yb e -re sto re "  me ch a n ism has
the  advan tages o f  t h e  s t a n d a rd  " c o p y - re s t o re "  ( t ra n sp a re n cy ,  e f fi c i e n c y  o f
pa rame te r a cce ss,  n o  mach ine  a d d re sse s o n  t h e  s t a c k )  a n d  moreover p ro v id e s
a o n e - le v e l  b a c k t r a c k  f re e  o f  ch a rg e :  a  r u l e  may t e n t a t i v e l y  mess u p  i t s
pa rame te rs,  a n d  i f  i t  t h e n  d e c id e s t o  f a i l ,  n o t h i n g  needs t o  be  re s t o re d
(s in ce  o n l y  co p ie s  we re  s p o i l e d ) .
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Since t h e  s t a t u s  ( i n i t i a l i z e d  o r  n o t ) o f  a l l  f o rma l  and l o c a l  v a r i a b l e s  i s
known a t  c a l l  e n t ry ;  s i n c e  t h i s  s t a t u s  b e f o re  t h e  e xe cu t io n  o f  a  member,
t o g e t h e r w i t h  t h e  p a ra me te r d e s c r ip t io n  o f  t h a t  member, d e t e r m i n e s  t h e
s t a t u s  a f t e r  t h e  e xe cu t io n ;  a n d  s in ce  t h e r e  i s  o n l y  one  w a y  t o  re a c h  a
c e r t a i n  p o i n t  i n  a  ru le ,  t h e  co mp i le r  c a n  r e a d i l y  c o n s t ru c t  t h e  s t a t u s
a t  a l l  p o in t s  a n d  p e rf o rm a  r e l i a b l e  c h e c k  o n  t h e  u s e  o f  u n i n i t i a l i z e d
v a r ia b le s .
Th is  a g a in  p roves t o  be  v e ry  h e lp f u l  i n  d e t e c t in g  ( l o g i c a l )  e r r o r s .

Fo r a n  example w e  r e t u r n  t o  t h e  l i s t  o f  numbers se p a ra te d  b y  co mma s
mentioned i n  3 . 1 . ,  a n d  we suppose t h a t  we wa n t  t o  re a d  them,  a d  t h e m and
p r i n t  t h e  sum:

' a c t i o n '  i n p u t  -  re s :
number +  re s ,  r e s t  numbers o p t io n  +  re s ,

r e s u l t  +  re s .
' a c t i o n '  r e s t  numbers o p t io n  +  >re s> -  nmb:

comma symbol,  number +  nrdb, s u n  +  nmb +  re s ,
re s t  numbers o p t io n  +  re s ;

+.
' a c t i o n '  number +  re s> :

get j u t  +  in p u t  fi l e  +  re s ;
e r r o r  +  bad number, 0  - >  re s .

' a c t i o n '  su m +  >x +
add +  x  +  y  +  y ;  e r r o r  +  o ve rflo w.

The p lu se s  a f fi x  t h e  a f fi x e s  t o  t h e  r u l e s .  C o - o r d e r i n g  w i t h  p lu s e s  i s  used
ra t h e r  th a n  su b -o rd e rin g  w i t h  paren theses.  T h e  u s e  o f  p a re n th e se s wo u ld
have i mp l i e d  t h e  p o s s i b i l i t y  o f  n e s t in g :  t h i s  n e s t in g ,  h o w e v e r ,  i s  n o t
a llowed .  Mo re o v e r ,  p a re n t h e s e s  a re  a l re a d y  b e in g  u s e d  e x t e n s i v e l y  i n  a
d i f f e re n t  way (se e  3 . 6 . 1 . ) .
The min u s s ig n a ls  a  l o c a l  v a r i a b le .  T h e  r i g h t  a rrow-heed, i n  f r o n t  o f  " r e s "
in d ica t e s  t h a t  " re s "  w i l l  b e  p r e fi l l e d ,  t h e  o n e  a t  t h e  b a ck  o f  " re s "
in d ica t e s  t h a t  a f t e r  t h e  c e l l  t h e  va lu e  w i l l  be  re t u rn e d  t o  t h e  c a l l e r .
The l o c a l  v a r i a b le  " r e s "  i s  u n i n i t i a l i z e d  a t  t h e  c o l o n  i n  " i n p u t " ,  f r o m  th e
d e c la ra t io n  o f  "number"  i t  f o l l o ws  t h a t  i t  w i l l  n o t  u se  t h e  v a lu e  o f  " r e s "
(wh ich  w o u l d  h a v e  b e e n  i l l e g a l )  b u t  w i l l  r e t u r n  a  va lu e  t o  i t .  S o ,  a t
the  fi r s t  c o mma  " re s "  i s  i n i t i a l i s e d  a n d  may be  a f fi x e d  t o  " r e s t  numbers
op t ion ! '  wh ich  uses i t s  va lu e .

The a b o v e  n o t a t i o n  p re c lu d e s t h e  i n t r o d u c t i o n  o f  o p e r a t o r s  a n d  t y p e
procedures i n  ALEPH, a n d  i n  f a c t  t h e y  d o  n o t  e x i s t  i n  ALEPH. A l t h o u g h
we r e a d i l y  co n ce d e  t h a t  o p e ra t o rs  a n d  t y p e  p ro ce d u re s o f t e n  a l l o w  a  v e ry
e legan t  f o rmu la t io n  o f  a n  a lg o r i t h m,  w e  a l s o  f e e l  t h a t  t h e y  t e n d  t o  le a d
t o  u n j u s t i fi a b l e  s i m p l i fi c a t i o n s .  B y  th e  n a t u re  o f  i t ,  a n  o p e ra t o r  o r  t yp e
procedure y i e l d s  o n l y  one r e s u l t  ( i f  we d is re g a rd  messy t r i c k s ) .  No w
.
,  i t  i s
d o u b t f u l  i f ,  e . g . ,  t h e  r e s u l t  o f  t h e  i n v e rs i o n  o f  a  m a t r i x  ca n  be  e xp re sse d
i n  one ma t r i x ,  a n d  i t  i s  s imp ly  n o t  t ru e  t h a t  t h e  r e s u l t  o f  t h e  a a a i t i o n
o f  two  i n t e g e r s  c a n  b e  exp ressed  i n  one i n t e g e r  ( s i n c e  o v e r fl o w  m a y
o ccu r).  E s p e c i a l l y  t h e  l a t t e r  f a c t  i s  p o o r l y  a p p r e c i a t e d  b o t h  i n
h ig h - le v e l  languages and i n  hardware . I n  t h e  wo rs t  ca se  wh a t  i s  c F i l l e d  t h e
" a d d - in s t ru c t io n "  i s  i n  f a c t  a  b i t - s h u f fi e r  t h a t  happens t o  y i e l d  t h e  sum
i n  abou t  75  p e rce n t  o f  t h e  ca se s.  I n  a  s l i g h t l y  b e t t e r  c a s e  t h e  p ro g ra m
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comes t o  a  g r i n d in g  h a l t  o r  some p re -a t t a ch e d  p ro g ra m i s  c a l l e d ,  w i t h  a l l
the  m i s e ry  in h e re n t  i n  i n t e r r u p t s .  I n  f a c t  t h e re  i s  n o  add i n s t ru c t i o n :  s i l
t h e re  i s  i s  a n  add re q u e s t ,  w h i c h ,  l i k e  a n y  o t h e r  re q u e st ,  c a n  f a i l  t o
be s a t i s fi e d  a n d  wh ich  i s  a  ' q u e s t i o n '  i n  t h e  sense  o f  t h e  above. T h i s  i s
c o r r e c t l y  re co g n ize d  b y  t h a t  ha rdware  t h a t  s e t s  a n  o v e rfl o w b i t ,  w h i c h  b i t
i s  t h e n ,  mo re  o f t e n  t h a n  n o t ,  b o l d l y  ig n o re d  b y  t h e  h i g h - l e v e l  language.

There a re  a  f e w re q u e st s  t h a t  ca n  a lwa ys be  f u l fi l l e d :  e . g . ,  i t  i s  a lwa ys
p o ss ib le  t o  s e t  o n e  v a r i a b l e  e q u a l  t o  t h e  va lu e  o f  t h e  o t h e r .  I n d e e d  t h e
assignment i s  w r i t t e n  w i t h  t h e  a i d  o f  a n  o p e ra t o r:  " 0  - >  re s "  i n  t h e
example above .  No t e  t h a t  t h i s  i n s t r u c t i o n  i s  n e ce ssa ry  t o  s u s t a i n  t h e  c l a i m
t h a t  "number"  a lwa ys  a s s ig n  a  va lu e  t o  i t s  f o rma l  v a r i a b l e  " re s > " :  w e  a re
n o t  a l lo we d  t o  l e t  t h e  p ro g ra m c a r r y  o n  w i t h  a  " g h o st "  v a lu e ,  e ve n  a f t e r  a n
e rro r-me ssa g e .

3 .4 .  P r i m i t i v e  r u l e s .
Ru les a r e  s p e c i fi e d  b y  t h e i r  d e co mp o sit io n  i n t o  o t h e r  r u l e s .  T h i s  p ro ce ss
must end  somewhere; i t  ca n  end i n  one o f  t h re e  ways:
a. Th e  re q u i re d  a c t i o n  i s  a  p r i m i t i v e  o f  ALEPH, e . g . ,  a ss ig n me n t .
b .  T h e  re q u i re d  a c t i o n  i s  known t o  t h e  c o mp i l e r  u n d e r a  sta n d a rd  n a me ,
e . g . ,  t h e  ' p r e d i c a t e '  " g e t  i n t "  a n d  t h e  ' q u e s t i o n '  " a d d "  i n  t h e  example
above.
c. T h e  re q u i re d  a c t i o n  i s  p a r t  o f  t h e  p ro b le m b u t  ca n n o t  b e  decomposed
(e . g . ,  t h e  a c t i v a t i o n  o f  p a r t i c u l a r  h a rd wa re )  o r  mu st  b e  d e scrib e d  o n  a
l o v e r  l e v e l  f o r  re a so n s o f  e f fi c i e n c y  ( e . g . ,  t h e  c a l c u l a t i o n  o f  a  hash
address f r o m  a  g ive n  s t r i n g ) .

I n  cases a )  a n d  b )  t h e r e  i s  n o  p ro b le m f o r  t h e  u s e r  and o n l y  a  o n e -t ime
prob lem I n  t r a n s f e r r i n g  t o  a n o t h e r ma ch in e :  t h e  p r i m i t i v e s  m u s t  b e
reprogrammed. C a s e  c )  i s  e xce e d in g ly  r a r e  b u t  must  b e  ca t e re d  f o r .  R u l e s
can b e  d e c la re d  ' e x t e r n a l '  i n  ALEPH u n d e r s p e c i fi c a t i o n  o f  t h e  p a ra me te rs
and t h e  co n ce rn in g  se ma n t ics  m u s t  b e  su p p l ie d  b y  e x t e rn a l  me a n s ,  e . g . ,
a t  t h e  l e v e l  o f  machine c o d e  ( i n  wh ich  c a s e ,  o f  co u rse ,  t h e r e  i s  n o
p o r t a b i l i t y ) .

3 .5 .  Da t a  t yp e s .
The language  d e fi n e d  s o  f a r  does n o t  r e l y  i n  a n y way o n  t h e  p ro p e r t i e s  o f
the  d a t a  t yp e s  (e x c e p t  pe rhaps t h a t  r u l e s  a s  d a t a  wo u ld  be  in co n ve n ie n t  and
wou ld  v i o l a t e  s i m p l i c i t y  re q u i re me n t s ).  W e  a re  s t i l l  a t  l i b e r t y  t o  d e fin e
the  d a t a  t yp e s  we need .  F o r  o u r  a p p l i c a t io n s  and  f o r  re a so n s o f  s i m p l i c i t y
we have  r e s t i c t e d  o u rse lve s  t o  i n t e g e r  d a t a  (a l re a d y  in t ro d u ce d  a b o v e )  a n d
sta cks o f  t h e se .  T h e  l a t t e r  have t h e  u su a l  p ro p e r t y  t h a t  t o p  e lemen ts may
be a a d e d
l 
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p ro p e rt ie s :
a. A l l  e le me n ts  c a n  b e  re a ch e d
;  t h u s  t h e  
s t a c k  
c a n  
a c t  
a s  
a n  
a r r a y
.

A rra ys i n  t h e  s t a n d a rd  sense  ca n n o t  be  p l lo we d  s in ce  t h e y  may co n t a in  mixed
i n i t i a l i z e d  a nd  u n i n i t i a l i z e d  v a r i a b l e s .
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b .  B o t t o m  e lements ca n  be  removed, t h u s  t h e  s t a c k  ca n  a c t  a s  a  queue. I f
t h e  queue w a l k s  o u t  o f  p h ys ica l  me mo ry  i t  i s  s i mp l y  p u sh e d  b a ck b y  t h e
ru n t ime  s y s t e m  a n d  s in ce  R1 1  re f e re n ce s  t o  a  s t a ck  go t h ro u g h  i t s  b a se
address o n l y  t h i s  base add ress needs t o  be  updated . B o t t o m  e le me n ts ca n n o t
be added: a  deque (K n u t h  [ 1 2 ] )  i s  much m o r e  co mp lica te d  t o  imp le me n t ,  i s
h a rd ly  e v e r  u se f u l  and i n  emergencies can  be s imu la t e d  b y  two  queues.
c. E a c h  s t a c k  h a s  i t s  o w n  p r i v a t e  p ie ce  o f  t h e  v i r t u a l  a d d r e s s  s p a c e
(wh ich  i n  t o t a l  extends f r o m  m i n u s  t h e  ma ximu m i n t e g e r  t o  p l u s  t h e
maximum in t e g e r ) ,  s o  t h a t  i f  a n  i n t e g e r  i s  used  a s  a n  in d e x  t o  a  s t a c k ,
i t  i d e n t i fi e s  t h a t  s t a ck .  T h u s  dynsmicR11y c o mp l i c a t e d  o b j e c t s  c a n  b e
e f fi c i e n t l y  u n ra ve le d  b y  e x t ra c t in g  s t a c k  i d e n t i fi c a t i o n  f r o m  t h e  g iv e n
in d ex.

The above
t o o l s  f o r
e s p e c ia l l y
p ro ce ssin g
co n s is t  o f
" n e x t " )  i s

da ta  typ e s a r e  e a sy t o  imp lemen t  and c o n s t i t u t e  v e r y  co n ve n ie n t
da ta  h a n d l i n g  t h a t  h a v e  p r o v e d  t h e i r  v a l u e  i n  p r a c t i c e ,

i n  c o mb in a t io n  w i t h  d a t a —d e scrip t io n —like  r u l e s  f o r  t h e
o f  d a ta .  F o r  example
) a  l i s t  
( i n  
" l i s t  
s t a c k
" )  
w h o
s e  
e l e
m e n
t s

Items ( c a l l e d  " i t e m ' )  and  in d ice s  t o  t h e  n e x t  e le me n t  ( c a l l e d
processed b y :

' a c t i o n '  l i s t  +  >handle :
p rocess +  i t e m X l i s t  s t a ck [ h a n d le ] ,

re s t  l i s t  +  n e x t X l i s t  s t a ck [ h a n d le ] .
' a c t i o n '  r e s t  l i s t  +  >hand le :

was +  l i s t  s t a c k  +  hand le ,  l i s t  +  hand le ;  + .

where " p ro ce ss"  m u s t  be  g ive n  b y  t h e  u se r and "
-
w a s "  i s  a  
' q u e s t i o n '  
k n o w n

to  t h e  c o mp i le r  w h i c h  t e s t s  wh e th e r " hand le "  i s  a n  in d e x  t o  " l i s t  s t a c k "
( i f  i t  f a i l s  t h e re  a re  n o  more e le me n ts).

Although t h e s e  d a t a  t y p e s  a r e  s a f e r  t h a n  t h e  u s u a l  d a t a  t y p e s  i n
languages ( a l l  re a ch a b le  v a r ia b le s  h a v e  a  va lu e  a n d  mo st  l o g i c a l  e r r o r s
are cau gh t  imme d ia t e ly  b y  i n d i c e s  b e i n g  a p p l i e d  t o  t h e  w r o n g  s t a c k ) ,
t h e y u n f o rt u a n t e ly  l a c k  t h e  r i g o u r  and r e l i a b i l i t y  o f  t h e  flo w—o f—co n t ro l
e xp la in e d  i n  3 . 2 .  a n d  3 . 3 .  ( r u n t i m e  ch e ckin g  i s  s t i l l  n e ce ssa ry  and  t h e
" d a n g lin g  re fe re n ce "  p ro b le m i s  n o t  so lve d ).  T h e  re a so n  i s  s i m p l y  t h a t  t h e
s t a t e  o f  t h e  a r t  i n  grammars and i n  h i e ra rc h i c a l  p rogramming i s  much more
advanced t h a n  t h a t  i n  d a ta  s t ru c t u re s .  E v e n  t h e  p re s e n t l y  mo st  advanced
d a ta  s t ru c t u re s ,  t h o se  o f  ALGOL 68 (va n  Wijngaarden  [ 1 3 ] )  ca n n o t  b e  g ra f t e d
I n  a  s imp le  way t o  ALE PH: w e  wou ld  l o s e  t h e  advantages me n t io n e d  a b o ve
lthe  ALGOL 6 8  s o l u t i o n  t o  t h e  " d a n g lin g  re f e re n ce "  p ro b le m (sco p e  ch e ck in g )
s t i l l  needs dynamic ch e ckin g  and i s  n o t  r e a d i l y  a p p l ica b le  t o  ALEPH, a n d
in d ice s  ca n  s t i l l  be  o u t  o f  bounds. W e  hope an d  e xp e ct  t h a t  many o f  t h e se
troub le—spots ca n  be mended i n  t h e  n e a r f u t u re .

3 .6 .  S y n t a c t i c  su g a r.
I n  3 . 6 . 1 .  a n d  3 . 6 . 2 .  some examples a re  g ive n  o f  f e a t u re s  s o l e l y  in t e n d e d  t o
make t h e  language more co n ve n ie n t  t o  use .
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3 . 6 . 1 .  F l o ' - o f - c o n t r o l .
When we re a d  t h e  s h o r t  p ro g ra m g i v e n  i n  3 . 3 ,  w e  ca n  e a s i l y  s e e  t h a t  i t
i s  o v e r l y  r e c u rs i v e .  T h e  r e c u r s i v e  c a l l  o f  " r e s t  numbers o p t i o n ! '  i n  " r e s t
numbers o p t i o n "  p u t s  a  co p y " r e s i
n  o f  " r e s "  
o n  t h e  
s t a c k ,  
w o r k s  
o n  
" r e s
t
"

and t h e n  re s t o re s  " r e s "  t o  " r e s t " :  i t  co u ld  a s  w e l l  have  worked  o n  fi
r e s "d i r e c t l y .  M o r e o v e r ,  t h e  s a i d  c a l l  p u t s  a  re t u rn  l i n k  on  th e  r e t u r n  l i n k
s t a ck  t h a t  p o i n t s  d i r e c t l y  t o  a  " r e t u r n  o v e r  re t u rn  l i n k  s t a ck"  i n s t r u c t i o n
(s in c e  " r e s "  n e e d s  n o  l o n g e r  be  re s t o re d  and t h e  p re se n t  c a l l  i s  t h e  l a s t
one i n  a n  a l t e r n a t i v e )  s o  i t  c o u ld  a s  w e l l  b e  l e f t  o u t .  A l l  t h a t  i s  l e f t
o f  t h e  c a l l  i s  t h e  ( r e ) - a c t i v a t i o n  o f  " r e s t  numbers op t ion ."  and  a s su ch  i t
co rresp on ds t o  a  s imp le  a n d  c l e a n  ju mp .  Th e  u s e r  i s  a l lo we d  t o  w r i t e :

' a c t i o n '  r e s t  numbers o p t i o n  +  > re s >  -  nmb:
comma symb o l,  n u mb e r +  nmb, s u m +  nmh +  re s ,

: r e s t  numbers o p t i o n ;  + .

Co n ve rse ly ,  h e  may use  t h e  ju mp  o n l y  a s  a  l a s t  member o f  an  a l t e rn a t i v e
i n  a n  ' a c t i o n '  o r  ' f u n c t i o n '  a n d  i t  i s  t h e n  co n sid e re d  s h o r t h a n d  f o r  a
re c u rs i v e  c a l l  w i t h  t h e  SAMP p a ra me te rs  a s  t h e  o r i g i n a l .

A lth o u g h  t h e  c o mp i l e r  w o u l d  h a v e  f o u n d  t h i s  o p t imiz a t io n ,  t h e  u se r,  b y
i n d i c a t i n g  t h i s  s i m p l i fi c a t i o n  h i m s e l f ,  h a s  g a in e d  someth ing :  " r e s t  numbers
o p t io n "  i s  co w o n l y  c a l l e d  i n  one  p la ce ,  i n  " i n p u t " ,  a n d  ca n  be s u b s t i t u t e d
t h e re .  T h e  same h o ld s  f o r  " su m" ,  s o  t h a t  t h e  p rog ram reduces t o :

' a c t i o n '  I n p u t  -  re s :  n u mb e r +  re s ,
r e s t  numbers o p t i o n  -  nab :

(comma symb o l,  n u mb e r +  nab ,
sum:

(add +  nab +  re s  +  r e s ;
e r r o r  +  o v e rfl o w ) ,

: r e s t  numbers o p t i o n ;
-
0
/

r e s u l t  +  r e s .

' a c t i o n '  n u mb e r +  re a > :
g e t  j u t  +  i n p u t  fi l e  +  re s ;
e r r o r  +  b a d  number, 0  - >  re s .

3 . 6 . 2 .  D a t a  t y p e s .
I n  a d d i t i o n  t o  f o rma l  a n d  l o c a l  v a r i a b l e s  A L E  PH a l lo ws  g lo b a l  v a r i a b le s .
A lthough  w e  a r e  a w a r e  o f  t h e i r  u n d e s i r a b i l i t y  a n d  o f  t h e  g r e a t
o p p ro t u n i t i e s  t h e y  a f f o r d  i n  bad  p rogramming  (Wu l f ,  S h a w  [ 6 ] ) ,  w e  d o  n o t
see a  way t o  d o  w i t h o u t  t h e m  i n  t h e  p re se n t  f ramework.  S o me  in f o rma t io n
( l i k e ,  e . g . ,  a  c h a ra c t e r  c o u n t e r  o n  t h e  i n p u t  i n  a  c o m p i l e r )  m u s t
e v e n t u a l l y  b e  a v a i l a b l e  t o  v i r t u a l l y  a l l  r u l e s  (s i n c e ,  a g a in  i n  a  co mp i le r,
v i r t u a l l y  a l l  r u l e s  ca n  cause  a  c a l l  t o  t h e  e r r o r - r o u t i n e  w h i c h  p r i n t s  a
d ia g n o s t i c  message i n c l u d i n g  s a i d  c h a ra c t e r  co u n t e r) .  Co n se q u e n t ly ,  t h i s
i n f o rma t i o n  mu st  b e  passed  a s  a  p a ra me te r t o  a l l  t h e se  r u l e s .  T h e  same i n
essence a p p l i e s  t o  a l l  I / 0  i n f o rma t i o n .  B y  way o f  e xp e rime n t  we re wro t e  a
f a i r - s i z e d  A L E  PH p ro g ra m (co n ce rn in g  mode-hand ling  i n  ALGOL 6 8 ) u n d e r t h e
e l i m i n a t i o n  o f  g l o b a l  v a r i a b l e s  (e x c e p t  I / O  in f o rma t io n )  a n d  fo u n d  t h a t  t h e
average n u mb e r o f  a f fi x e s  p e r  r u l e  w e n t  u p  f ro m 1 .5  t o  4 . 5 .  W e  c o n s id e r
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t h i s  t o o  h ig h  a  p r i c e :  o n l y  a  p ro fo u n d ly  d i f f e r e n t  approach  t o  d a t a  t yp e s
may y i e l d  a  s o lu t io n .
I t  sh o u ld  be  no ted ,  howeve r,  t h a t  t h e  misuse  o f  g lo b a l  v a r i a b l e s  i s  l i m i t e d
by t h e i r  tendency t o  cause b a ck t ra ck  e r ro rs  upon c a re le s s  h a n d l in g .

Globa l v a r i a b le s  must  be  i n i t i a l i z e d  upon d e c a l ra t io n .  T h e i r  va lu e s  ca n  be
changed b y  any r u l e .  I t  i s  a l s o  p o ss ib le  t o  d e c la re  i n i t i a l i z e d  co n s t a n t s
whose va lu e s  canno t  b e  changed. A s i d e  f ro m t h e  conven ience  o f  t h i s  f e a t u re
i t  a l s o  a i d s  i n  good programming. I t  appears t h a t  t h e  o ccu rre n ce  o f  a
hard  i n t e g e r  d e n o ta t io n  i n  a  r u l e  i s  g e n e ra l l y  u n j u s t i fi e d .  T a l l y i n g  h a rd
in t e g e rs  i n  some sample  p rograms h a s  t a u g h t  u s t h a t  o n l y  ro u g h ly  1  i n  5 0
in t e g e rs  i s  used i n  i t s  i n t e g e r  meaning. F o r  t h e  r e s t  t h e y  w e r e  e i t h e r
va r ia b le s  o f  t h e  p ro b le m t h a t  happened t o  b e  co n s t a n t  mo st  o f  t h e  t ime
( l i k e  l i n e w i d t h  o f  t h e  p r i n t e r ,  n u mb e r  o f  b i t s  i n  a  c h a ra c t e r ,  e t c . )
o r  t e rmin a t o rs  i n  d a t a  s t ru c t u re s  w h e re  " n i l "  s h o u ld  h a v e  b e e n  u se d .  W e
s e r io u s l y  con templa te  d i s a l l o w i n g  h a rd  i n t e g e rs  i n  r u l e s  and  o n l y  a l l o w in g
them i n  i n i t i a l i z a t i o n s .
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