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Mode and  meaning * )

By

L .G.L .T.  Me e rte n s

ABSTRACT

The co n ce p t  o f  t h e  ( s t a t i c )  mode o f  a  va lu e  i s  co n s id e re d  i n  r e l a t i o n

to  t h e  (d yn a mic ) mean ing .  I t  i s  shown how t h i s  co n ce p t  may be  c a r r i e d

f u r t h e r  i n  o rd e r  t o  in c re a s e  t h e  s e c u r i t y  and  t o  o b t a i n  h ig h e r l e v e l s  o f
a b s t ra c t io n .

KEY WORDS & PHRASES: Mode, meaning, s ec ur i t y ,  le v e ls  o f  abs trac t ion.

* )
Th is p a p e r i s  n o t  f o r  re v ie w;  i t  i s  meant t o  b e  p u b l ish e d  e lse wh e re .



O. INTRODUCTION

Val ues  a r e  u s u a l l y  r e p r e s e n t e d  i n s i d e  a  c om puter  b y  a  s equenc e o f  b i t s .  T h e

m eani ng o f  s u c h  a  s equenc e c a n n o t  b e  d e r i v e d  f r o m  t h e  s equenc e a l o n e .  F o r  ex am pl e,

an i n t e g e r  a n d  a  p o i n t e r  m i gh t  happen  t o  b e  r e p r e s e n t e d  b y  i d e n t i c a l  s t r i n g s  o f

O' s a n d  l ' s ,  e v e n  t h o u g h  t h e i r  m eani ngs ,  a s  f a r  a s  t h e  pr ogr am m er  i s  c onc er ned,

ar e v a s t l y  d i f f e r e n t .  O ne  o f  t h e  m a j o r  i n n o v a t i o n s  m ar k i ng t h e  a d v e n t  o f  h i g h -

l e v e l  pr ogr am m i ng l anguages  i s  t h e  c o n c e p t  o f  a  mode ( o r  t y p e )  a s s o c i a t e d  w i t h

v a l ues .  T h i s  c o n s t i t u t e d  a  r e c o g n i t i o n  o f  t h e  pr eponder anc e o f  c e r t a i n  w e l l  u n d e r -

s tood m eani ngs  a s s i g n e d  b y  pr ogr am m er s  t o  b i t  s equenc es .  T h u s ,  o n e  m ay hav e  r e a l

num ber s, o f  m ode " r e a l " ,  o r  t r u t h  v a l u e s ,  o f  m ode " b o o l e a n " ,  a n d  t h e  s y n t a x

pr ev ent s  u n i n t e n t i o n a l  c o n f u s i o n  be t w een  v a l u e s  o f  t h e s e  t w o  m odes .  M or eov er ,

t he  r e p r e s e n t a t i o n  i s  h i d d e n  f r o m  t h e  pr ogr am m er :  t h i s  i s  i n  i t s e l f  q u i t e  u s e f u l

i n  o r d e r  t o  a c h i e v e  a b s t r a c t i o n  f r o m  t h e  p a r t i c u l a r  r e p r e s e n t a t i o n  em pl oy ed,  w i t h
a l l  t h e  b e n e fi t s  i n h e r e n t  i n  s uc h  a b s t r a c t i o n .

T hi s  c o n c e p t  o f  m ode seem s t o  h a v e  r eac hed  i t s  c l i m ax ,  a t  l e a s t  u p  u n t i l  now ,



i n  ALGOL 6 8 .  F o r  t h i s  r eas on ,  t h i s  paper  us es  ALGOL 6 8  a s  a  p o i n t  o f  d e p a r t u r e .

I t s  pur pos e i s  t o  i n d i c a t e  how  t h e  c onc ept  m ay b e  c a r r i e d  e v e n  f u r t h e r  i n  o r d e r

t o  i nc r eas e  t h e  s e c u r i t y  by  m or e com pr ehens i ve s t a t i c  c h e c k i n g ,  a n d  e v e n  t o  o b t a i n

h i gher  l e v e l s  o f  a b s t r a c t i o n .  T he  p r e s e n t a t i o n  i s  c e r t a i n l y  n o t  a  c o h e r e n t ,  t h e o -
r e t i c a l  o n e ,  b u t ,  r a t h e r ,  i n f o r m a l  and  a t  t i m es  e v e n  haphaz ar d.  N ew  a d - h o c  s y n -

t a c t i c  c o n s t r u c t i o n s  m ay a t  t i m es  b e  i n t r oduc ed  w i t h o u t  w a r n i ng ,  a n d  w i t h  s em an-

t i c s  o n l y  s ugges ted b y  c o n t e x t .  I  hope i t  w i l l  b e  c l e a r  t h a t  t h e s e  a r e  n o t  p u t

for w ar d a s  pr opos ed ex t ens i ons  o f  ALGOL 68 .  S h o u l d  t h e  i d e a s  o u t l i n e d  h e r e  p r o -

voke some r e f  l ex i on f r om  l anguage des i gner s ,  t h i s  p a p e r  w i l l  h a v e  s e r v e d  i t s  p u r -

pose.

1. TH E GREATER SECURITY OF ALGOL 68  -  AN EXAMPLE

The ALGOL-68 c onc ept  o f  t h e  mode o f  a  v a l u e  i s  a  f u l l - g r o w n  v e r s i o n  o f  t h e

ty pe o f  ALGOL 60 .  T he  R ev i s ed ALGOL 6 8  R epor t  F l l  s t a t e s  ( i n  p r agm a t i c s ) :  E a c h
value has an a t t r i bu t e ,  t ermed i t s  "mode",  whic h defi nes  how t ha t  v a lue r e l a t e s
to ot her  values and which ac t ions  may be app l ied  t o  i t .  A l t hough t he  A L G O L
-
6 0
ty pe g i v es  a  h i n t  i n  t h e  same d i r e c t i o n ,  i t  does  n o t  c onv ey  s u f fi c i e n t  i n f o r m a -

t i o n  t o  deter m i ne s t a t i c a l l y  w hether  a  g i v en  o p e r a t i o n  ( i . e . ,  a c t i o n  a p p l i e d  t o

a v a l ue )  w i l l  b e  m ean i ng f u l .  A s  a n  exam pl e,  c o n s i d e r  t h e  f o l l o w i n g  ALGOL- 60

pr ogr am :

l :  begin in t eger  i ;
procedure v ar  (op);  procedure op;  op  ( i ) ;
procedure s pot  (op) ;  procedure op;  o p  ( 1 ) ;
procedure z ero ( v ) ;  i n t ege r  v, v : =  0;
procedure jump (s ) ;  l a b e l  s ;  go t o  s ;
procedure do (op,  e r g ) ;  procedure op,  a r g ;  a r g  ( op ) ;
do (z ero,  v a r ) ;
do (jump,  s pot )

end.

The ex ec u t i on  o f  t h e  t w o  pr oc edur e s t a t em ent s  t h a t  c a l l  d o  i s  p e r f e c t l y  m ean i ng-

f u l .  W i t h  t h e  same eas e ,  how ev er ,  i t  i s  p o s s i b l e  t o  w r i t e  d o  ( j um p ,  v a r ) ,

do ( z e r o ,  s p o t )  o r  ev en  do  ( d o ,  d o ) ,  w hose e x e c u t i o n  w ou l d  r e s u l t ,  r e s p e c t i v e l y ,

i n  t h e  m eani ngl es s  o p e r a t i o n s  go  t o  i
,  2 : =  0  a n d  
d o  ( d o ) .  
N o t e  
t h a t  
t h i s  
p o s s i
-

b i l i t y  o f  ALGOL 6 0  i s  n o t  due t o  s p e c i fi c a t i o n  b e i n g  o p t i o n a l ,  b u t  t o  t h e  u n d i s -

c r i m i nat i ng s p e c i fi c a t i o n  pr oc edur P ,  w h i c h  does  n o t  d i s c l o s e  t h e  t y p e  o f  p a r a -
m eter s  ac c ept ed (LANGMAACK 7
2
7
) .

I n  ALGOL 6 8 ,  z e r o  and  j um p w oul d hav e d i f f e r e n t  m odes ,  s i n c e  t h e y  a c c e p t



par am eter s  o f  d i f f e r e n t  m odes. S i m i l a r l y ,  s i n c e  t h e  op  par am eter s  o f  v a r  and s po t

have t o  ac c ep t  d i f f e r e n t  modes f o r  t h e i r  par am eter s ,  t h e y  a r e  them sel ves  o f  d i f -

f e r en t  m odes and  s o  t h e n  a r e  o a r  and s p o t .  C ons equent l y ,  t h e  a r g  par am eter  o f  d o
would hav e t o  b e  " s p e c i fi e d "  a s  ac c ep t i ng  t w o d i f f e r e n t  m odes, i . e . ,  t h e  " un i on"

of  t h e s e  m odes. T he  same h o l d s ,  o f  c our s e ,  f o r  t h e  op  par am eter .  B e f o r e  a r g  may
be c a l l e d  w i t h  o p ,  t h e  d i f f e r e n t  c as es  hav e t o  be  d i s t i ngu i s hed  i n  or der  t o  s ee

i f  t h e  a c t u a l  m odes c om pl y .  A  com par abl e ALGOL-68 pr ogr am  w oul d t h e r e f o r e  r un  as
f o l l ow s :

I :  begin i n t  i ;

proc  oar = (proc  (r.e. i n t )  oo id  op) v oid:  op ( i ) ;
proc spot  =  (Japoc ( r r oc  .10.(d) o o i l  op) v oid:  op (ao t o  1);
plvc  z ero = ( r e f  -!nt v )  v oid:  v : = 0;
proc jump = ( r roc  v o id  s ) v o id:  s ;
proc  go = (union (proc  ( r e f  i n t )  v oid,

proc ( r r o c  v oid) v o id)  op,
union (proc  ( r r o c  ( r e f  i n t )  v o id)  v oid,

aroc  (proc  ( r roc  v oid) v o id)  v o id)  arg)
void:
case arc  i n

(proc (proc  ( r e f  i n t )  v o id )  v o id  ppriv v ):
case op i n

(proc ( r e f  i n t )  v o id  p r i v ) :  ppr iv v  ( p r i v )
out e r r o r  1
esac,

(proc ( r roc  (proc  v oid)  v o id )  v o id  pppvvv):
case op i n

(proc (proc  v oid)  v o id  ppvv):  pppvvv (ppvv)
out e r r o r  2
ease

esac;
do (z ero,  v a r ) ;
do (jump,  s pot )

end.

The d e fi n i t i o n  o f  d o  i s  r a t h e r  c om pl i c ated com par ed t o  t h e  ALGOL-60 v er s i on.

What has  happened i s  t h a t  t h e  t y pe- c hec k i ng  i m p l i ed  i n  a  f o o l p r o o f  ALGOL-60 i m -

p l em ent a t i on  has  been made e x p l i c i t  h e r e .  Suc h c a l l s  as  do  ( j um p,  v a r )  and

do ( z e r o ,  s p o t ) ,  w hen e l abo r a t ed ,  g i v e  r i s e  t o  t h e  e l a b o r a t i o n  o f  e r r o r  1  and
e r r o r  2  ( n o t  f u r t h e r  d e fi n e d  h e r e ) ,  r e s p e c t i v e l y .  A n  at tem pted c a l l  l i k e  do  ( do ,



do)  i s  ev en  s y n t a c t i c a l l y  i n v a l i d .  T hus ,  t h e r e  i s  n o  w ay  o f  w r i t i n g  a  ( s y n t a c t i -

c a l l y  v a l i d )  c a l l  w i t h  a  par am eter  w hose v a l u e  i s  o f  a  p o t e n t i a l l y  u n a c c e p t a b l e

mode, e x c e p t  f o r  t h e  c as e  w her e a n  e x p l i c i t  t e s t  i s  m ade b e f o r e  t h a t  v a l u e  i s

used. ( I t  i s ,  pe r haps ,  a l s o  i l l u s t r a t i v e  t h a t  i n  a  fi r s t  a p p r o a c h  I  i n a d v e r t e n t l y

w r ote op  ( a r g )  f o r  t h e  body  o f  d o  and  o n l y  n o t i c e d  t h e  e r r o r  w h i l e  t r a n s c r i b i n g
the ALGOL-60 v e r s i o n  t o  ALGOL 6 8 . )  A l s o ,  i m p l i c i t  t e s t s  a r e  n o  l o n g e r  n e e d e d .  S o ,

as f a r  as  b o t h  s a f e t y  and e f fi c i e n c y  a r e  c onc er ned,  t h e  ALGOL- 68 a p p r o a c h  i s  s u p e -
r i o r  t o  t h a t  o f  ALGOL 6 0 .

2. MODE AS A  STATIC SUMMARY OF MEANINGFUL OPERATIONS

The m ode o f  a  v a l u e  may be  v i ew ed as  a  s t a t i c  summary o f  t h e  m e a n i n g f u l  o p e r -

a t i ons  o n  t h a t  v a l u e .  F o r  exam pl e,  i f  a  l i s t  c o n s i s t s  o f  t w o  fi e l d s ,  t h e  h e a d

fi e l d ,  w h i c h  i s  a  s t r i n g ,  a n d  t h e  t a i l  fi e l d ,  w h i c h  i s  a  p o i n t e r  t o  a  l i s t ,  t h e

f o l l ow i ng  m ode- dec l ar a t i on r e fl e c t s  t h i s  r e c u r s i v e  d e fi n i t i o n :

mode l i s t  s t r u c t  ( s t r i n g  head, r e f  l i s t  t a i l ) .

Thi s  d e c l a r a t i o n  may t h e n  a l s o  b e  t a k e n  a s  s t a t i n g  t h a t  m e a n i n g f u l  o p e r a t i o n s
on a  l i s t  a r e :

•  s e l e c t i o n  o f  t h e  head  fi e l d ,  f o l l o w e d  by  m ean i ng f u l  o p e r a t i o n s  o n  a  s t r i n g ;

•  s e l e c t i o n  o f  t h e  t a i l  fi e l d ,  f o l l o w e d  by  m ean i ng f u l  o p e r a t i o n s  o n  a  p o i n t e r
t o  a  l i s t .

I f  w e t a k e  a s  m ean i ng f u l  ope r a t i ons  o n  a  p o i n t e r  t o  a  l i s t :

•  f o l l o w i n g  t h e  p o i n t e r  ( de r e f e r enc i ng ) ,  f o l l o w e d  b y  m ean i ng f u l  o p e r a t i o n s  o n
a l i s t ,

t hen t h i s  v e r b a l  e x p l a n a t i o n  may be d e p i c t e d  s c hem at i c a l l y  i n  t h e  f o l l o w i n g
diagr am :

deref

Thi s  di agr am  c or r es ponds  t o  a  fi n i t e  s t a t e  autom aton w h i c h ,  w i t h  i i s t  a s  i n i t i a l

s t a t e ,  a c c e p t s  a  ( r e g u l a r )  l anguage ,  e a c h  o f  w hose s ent enc es  c o r r es ponds  t o  a



m eani ngf u l  o p e r a t i o n  o n  a  l i s t .

For  t h e  m or e c om p l i c a t ed  m o d e - d e c l a r a t i o n

mode l o s t  =  s t ruc t  ( s t r i n g  head,  r e f  l u s t  t a i l ) ,
lus t  =  s t ruc t  ( s t r i n g  head,  r e f  l as t  t a i l ) ,
las t  =  s t ruc t  ( s t r i n g  head,  r e f  l o s t  t a i l ) ,

we o b t a i n  t h e  f o l l o w i n g  d i agr am :

The c o r r e s p o n d i n g  fi n i t e  s t a t e  au t om at on ,  w i t h  l o s t  a s  i n i t i a l  s t a t e ,  a c c e p t s  t h e

same l a n g u a g e  a s  t h e  au t om at on  f o r  l i s t :  t h e  m ean i ng f u l  o p e r a t i o n s  o n  l i s t  a n d

l o s t  v a l u e s  c o i n c i d e .  I n d e e d ,  l i s t  a n d  l o s t  ( o r  l u s t  o r  l a s t )  s p e c i f y  t h e  sam e

mode, a s  i s  c o n s i s t e n t  w i t h  t h e  p h i l o s o p h y  o f  m odes  i n  ALGOL 6 8 ,  q u o t e d  abov e.

The c o n n e c t i o n  bet w een t h e  e q u i v a l e n c e  o f  m odes  a n d  o f  fi n i t e  s t a t e  au t om at a  has

a l r eady  b e e n  p o i n t e d  o u t  b y  KRAL F 31.

8. HOW TO F I L L  THE REMAINING GAPS

U n t i l  now  i t  h a s  b e e n  t a k e n  m or e o r  l e s s  f o r  g r a n t e d  t h a t  t h e  o p e r a t i o n s

pr es c r i bed  b y  a  s y n t a c t i c a l l y  v a l i d  c o n s t r u c t  a r e  a l w ay s  ( d y n a m i c a l l y )  m eani ng-
f u l .  T h i s  n e e d  n o t ,  how ev er ,  b e  t h e  c a s e .  I  s h a l l  c o n s i d e r  t w o  c as es  i n  w h i c h

" t h e  f u r t h e r  e l a b o r a t i o n  i s  u n d e fi n e d " :

•  A  nam e w h i c h  i s  t o  b e  d e r e f e r e n c e d ,  o r  t o  w h i c h  a n o t h e r  v a l u e  i s  t o  be as s i gned,



happens t o  be  n i l  ( a s  i n  r e f  r e a l  ( n i l ) : =  3 . 1 4 ) .
•  T h e  s ubs c r i p t  i n  a  s l i c e  i s  o u t  o f  r ange  ( a s  i n  I
.
/  :  3
1  i n t  a ;  
a r 4 1 ) .

I t  i s  a  d e s i r a b l e  p r o p e r t y  o f  pr ogr am m i ng l anguages  t h a t  s u c h  c as es  c a n n o t

ar i s e ,  f o r  more t h a n  one r eas on:  I f  w e s uc c eed i n  e x c l u d i n g  a l l  s u c h  c a s e s ,  t h e

p o s s i b i l i t y  o f  w r i t i n g  ( s y n t a c t i c a l l y  v a l i d )  pr ogr am s  w hose e l a b o r a t i o n  t u r n s  o u t

t o  be  undefi ned o n l y  a t  r un - t i m e  s i m pl y  d i s appear s .  I f  t h e  pr ogr am m er  c a n n o t  s how

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

l a i d  upon h i s  s hou l de r s .  T h i s  w i l l ,  i n  g e n e r a l ,  i n c r e a s e  t h e  num ber  o f  m ar k s  h e
has t o  w r i t e  dow n ( c f .  t h e  d e fi n i t i o n  o f  d o  i n  ALGOL 6 8 ) .  T h e  pr ogr am m er  i s  t h e r e -

by  encour aged t o  r ec ons i de r  t h e  pr obl em ,  a n d  t o  r e f o r m u l a t e  h i s  i m p l e m e n t a t i o n  o f

t he a l go r i t hm  i n  s uc h a  w ay t h a t  i t  becom es c l e a r  t h a t  u n d e fi n e d  o p e r a t i o n s  c a n n o t

a r i s e .  T he  u n d e r s t a n d a b i l i t y  o f  t h e  pr ogr am  w i l l  t h e n ,  h o p e f u l l y ,  i n c r e a s e .  M o r e -

ov er ,  h e  i s  o b l i g e d  t o  c ons i der  eac h c as e i n  w hi c h t h i n g s  m i gh t  g o  w r ong .  A  f u r -

t h e r ,  n o t  i n s i g n i fi c a n t ,  a d v a n t a g e  i s  t h e  d i s appear anc e o f  c o s t l y  i m p l i c i t  t e s t s

i n  a  f o o l p r o o f  i m p l em ent a t i on .

Al though o n l y  t w o  s p e c i a l  c as es  a r e  d i s c us s ed  be l ow ,  m os t  o f  t h e  o t h e r  e x i s -

t i n g  gaps  may be  appr oac hed i n  much t h e  sam e s p i r i t .  F o r  ex am pl e,  a  s y n t a c t i c

check o n  t h e  us e o f  u n i n i t i a l i z e d  v a r i a b l e s  i s  p r e s e n t  i n  ALEPH [ 4 , 5 1 .  E v e n  t h e

pr obl em  o f  w r ong i n p u t  d a t a  may per haps  b e  s o l v e d  b y  s p e c i f y i n g ,  a s  p a r t  o f  t h e

pr ogr am , a  s y n t a c t i c  d e s c r i p t i o n  a g a i n s t  w hi c h t h e  i n p u t  i s  c hec k ed b e f o r e h a n d .

3.1.  The problem o f  n i l  names

A c om pl ete and  s a t i s f a c t o r y  s o l u t i o n  o f  t h e  c as e  o f  d e r e f e r e n c i n g  o r  a s s i g n -
i ng  t o  a  n i l  name i s  p o s s i b l e  w i t h i n  t h e  f r am ew or k  o f  ALGOL 6 8 .  I t  s u f fi c e s  t o

exc l ude n i l  names ( e . g . ,  b y  n o t  p r o v i d i n g  a  r e p r e s e n t a t i o n  f o r  t h e  n i l - s y m b o l ) ,

so t h a t  any  name r e f e r s  t o  a  v a l ue .  I f  a  pr ogr am m er  w ants  t o  u s e  c o n s t r u c t s  w hos e

v al ue may be a  nam e, b u t  m ay a l s o  n o t  r e f e r  t o  a  v a l u e  ( i . e . ,  b e  n i l ) ,  h e  c a n
w r i t e  a  c o n s t r u c t i o n  l i k e

mode l i s t  = s t ruc t  ( s t r i n g  head, un ion ( r e f  l i s t ,  v o i d )  t a i l ) .

A n i l  l i s t  i s  t h e n  r epr es en t ed  b y  t h e  v a l ue  em pt y ,  t h e  o n l y  v o i d  v a l u e .  A  p i e c e  o f
pr ogr am  s uc h as

r e f  l i s t  a: = a;

whi le t a i l  9 f  a : X:  r e f  l i s t  ( n i l )
do a: = t a i l  g_f a od

w oul d hav e t o  be  r e w r i t t e n

r e f  l i s t  a: = a;

whi le case t a i l  21 a i n



( r e f  l i s t  b ) :  ( a : =  b;  t r u e )
out  f a l s e
esac

do s k ip  od.

N ote t h a t  t h e  num ber  o f  t e s t s  e x p l i c i t l y  per f o r m ed r em ai ns  t h e  sam e,  a n d  t h a t  t h e
t o t a l  num ber  o f  t e s t s  dec r eas es ,  s i n c e  i n  a  not  ex c eed i ng l y  i n t e l l i g e n t  i m pl em enta-

t i o n  t h e  a s s i g n a t i o n  a : =  t a i l  o L  a  e n t a i l s  a  t e s t  o n  r e f  l i s t  ( a )  n o t  b e i n g  n i l
( because o f  t h e  s e l e c t i o n ) ,  a n d  pe r haps  e v e n  t w o  m or e t e s t s  o n  a  i t s e l f  ( bec aus e

o f  t h e  as s i gnm ent  a n d  t h e  i m p l i e d  d e r e f e r e n c i n g  o f  t h e  s ec ond  oc c u r r enc e ) .

The r e w r i t t e n  v e r s i o n  a d m i t t e d l y  l o o k s  a  b i t  cum ber som e. I t  i s  m y f e e l i n g

t h a t  f u t u r e  pr ogr am m i ng l anguages  s h o u l d  hav e  a  m or e c o n v e n i e n t  w ay  o f  ex p r es s i ng

such a  fl o w  o f  c o n t r o l .  A  p o s s i b l e  n o t a t i o n  m i gh t  b e

r e f  l i s t  a : = z ;

do t a i l  g f  a i n  ( r e f  l i s t  b ) :  a : =  b  od.

T her e i s  a l s o  a  c o n n e c t i o n  w i t h  D IJKSTR A' s  gua r ded  commands 1 6 1 .

3.2.  The problem o f  t he s uboer ip t  range

The t r e a t m e n t  o f  s u b s c r i p t s  i s  n o t  d e a l t  w i t h  s o  e a s i l y .  Y e t  t h i s  c as e  seem s

t y p i c a l  b o t h  o f  t h e  i n e f fi c i e n c y  c a u s e d  b y  h i g h - l e v e l  pr ogr am m i ng l anguages  c om par -

ed t o  h a n d  c o d i n g  -  i n  m os t  c as es  t h e  pr ogr am m er  know s  p e r f e c t l y  w e l l  t h a t  t h e

s ubs c r i p t  i s  i n  r a n g e ,  b u t  h e  i s  u n a b l e  t o  e x p l o i t  t h i s  k now l edge -  a n d  o f  t h e

o p p o r t u n i t i e s  p r o v i d e d  b y  ev en  h i gh - l ev e l  l anguages  f o r  w r i t i n g  pr ogr am s  w hos e

l ac k  o f  m eani ng t r a n s p i r e s  o n l y  d u r i n g  e l a b o r a t i o n  -  i t  does  n o t  seem  b o l d  t o

c on j ec t u r e  t h a t  " s u b s c r i p t  o u t  o f  r a n g e "  ac c oun t s  f o r  a b o u t  h a l f  o f  t h e  r u n - t i m e

er r o r s .  A  fi r s t  s t e p  t ow ar ds  a  s o l u t i o n  has  b e e n  m ade i n  PASCAL, b y  i n t r o d u c i n g

r anges  a s  a  t y p e .  T h e  m a j o r  d e f e c t  o f  t h i s  app r oac h  i s  t h a t  r anges  a r e  c om p l e t e l y

c om pi l e- t i m e de t e r m i ned ,  j u s t  a s  i n  good  o l d  FORTRAN. F o r  a  m or e d e t a i l e d  c r i t i -

c i sm , s e e  HABERMANN [ 7 1 .

The o b v i o u s  n e x t  s t e p  r e q u i r e s  m odes  w h i c h  c a n  b e  y i e l d e d  dy nam i c a l l y ,  b u t

w hi ch a r e  s t a t i c i z e d  o v e r  c e r t a i n  p a r t s  o f  t h e  pr ogr am .  S uppos e  w e m ay w r i t e :

mode r 3  = I  :  3 ;
Fr31 r e a l  a ;
f o r  e  r 3  do a r i ] : =  0 od.

Used i n  t h i s  w ay ,  t h i s  i s  a  m er e a b b r e v i a t i o n ,  b u t  i t  s h o u l d  a l s o  b e  p o s s i b l e  t o

w r i t e  d i r e c t l y



mode r  = 1 :  n ;  E r l  r e a l  p;  r ead  (12);
f o r  i  ov er r
do r  imin : = i ;  r e a l  min:  = p l imin ] ;_

mode r 2  = succ i  :  upb r ;
f o r  j  ov er r 2
do i f  pEj l  < min t hen min: = j ]  o d ;
p l imin l : = ph i ] ;  p f
-
i 1 : =  m i n

od.

Thi s  r e q u i r e s  t h a t  t h e  s y n t a x  r ec ogni z es  i n  some w ay  t h a t  t h e  r a n g e  y i e l d e d  b y
suce I  :  u p b  r  i s  a  s ubr ange o f  r ,  p r o v i d e d  t h a t  i  i s  o f  m ode r .  T h i s  m ay  s eem  a

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

r ec ogni z ed b y  t h e  s y n t a x  and  w hat  s h o u l d  n o t  c a n  o n l y  b e  de t e r m i ned  b y  s t u d y i n g

a num ber  o f  r e p r e s e n t a t i v e ,  d i v e r s e  a l go r i t hm s .  I t  i s  p r o b a b l y  t o o  m uch t o  a s k

f o r  r e c o g n i t i o n  o f  t h e  f a c t  t h a t  ( i  +  j )  s  2  l i e s  i n  t h e  sam e r ange  a s  i  a n d  j .
I n  s uc h c as es ,  w e al w ay s  hav e  t h e  es c ape a f f o r d e d  b y

as

case ( i  j )  ;  2  i n  ( r  mid):  pEmidl out  s k ip  esac.

T hi s  i s  ac c ep t ab l e  as  l o n g  a s  t h e  num ber  o f  c as es  w her e s uc h  cum ber som e e x p r e s -
s i ons  c anno t  b e  c i r c um v ented i s  s u f fi c i e n t l y  s m a l l .

Some s t a t i s t i c s  w er e o b t a i n e d  b y  ex am i ni ng 2 4  s m a l l  pr ogr am s ,  t a k e n  f r o m

v ar i ous  c our s es  o n  ALGOL 6 8 .  O u t  o f  t h e s e  2 4 ,  1 6  pr ogr am s  u s e d  m u l t i p l e  v a l u e s

(where t h e  us e o f  s t r i n g s  a s  t h o u g h  t h e y  w er e p r i m i t i v e  v a l u e s  w as  n o t  c o u n t e d ) .

A t o t a l  o f  95  s l i c e s  w er e f o u n d ,  8 8  o f  w hi c h c o u l d  b e  ex pr es s ed w i t h  s t a t i c  r a n g e

c hec k i ng w i t h o u t  t h e  need  t o  i n t r o d u c e  a n  e x t r a  dy nam i c  c hec k .  I n  t h i s  c o u n t ,

no t  o n l y  w er e s i m pl e l o o p s  o v e r  a  r ange  i n c l u d e d ,  b u t  a l s o  c as es  l i k e

whit e t  n  do t : =  a [ t ]  od,

w hi ch c an  be ex pr es s ed,  u s i n g  t h e  n o t a t i o n  s ugges t ed a t  t h e  end  o f  s e c t i o n  3 . 1 ,

do t  i n  ( r  t l ) :  t : =  aEt17 ad.

On c l o s e r  i n s p e c t i o n ,  2  o f  t h e  7  r em ai n i ng s l i c e s  ( b o t h  o c c u r r i n g  i n  a  t e x t b o o k

i n  p r i n t ! )  m i ght  g i v e  r i s e  t o  a  s u b s c r i p t - o u t - o f - r a n g e  e r r o r .  S o ,  i f  w e o n l y

c ount  t h e  o t h e r  5  c as es  a s  genu i ne ,  t h e  q u i t e  a c c e p t a b l e  pe r c en t age  o f  5% i s
ob t a i ned  f o r  t h e  c as es  w her e s l i c i n g  i s  encum ber ed b y  t h e  p r opos ed m eas ur es .

Some f e a t u r e s  w hi c h m i gh t  f u r t h e r  r educ e t h i s  p e r c e n t a g e :

•  F o r - l o o p  i n  r ev er s e  o r d e r  ( f o r  s  r e v o  r  do  a d ) .

•  S t a t i c  r e c o g n i t i o n  t h a t  c e r t a i n  p a r t s  o f  t h e  pr ogr am  a r e  r e a c h a b l e  o n l y  i f



some r a n g e  r  i s  n o t  em pt y ,  s o  t h a t  b o t h  i w b  r  and  u p b  r  a r e  k now n t o  b e  i n

r ange,  a s  a t  t h e  " . . . "  i n  f o r  i  o v e r  r  d o  . . .  o d .

e A l l o w i n g  i n t e r s e c t i o n  o f  r a n g e s ,  a s  i n  m ode r  =  r l  n  r 2 ,  a f t e r  w h i c h  r  i s

r ec ogni z ed a s  a  s ubr ange  o f  r l  a n d  r 2 .

4. MODES DEFINED BY CHARACTERISTIC PREDICATES

BAUER &  GNATZ E 8 ]  h a v e  s ugges t ed  t h e  p o s s i b i l i t y  o f  d e fi n i t i o n s  l i k e

mode pos rea l  =  ( r e a l  x )  boo l :  x  > O.

T hi s  i s  q u i t e  s i m i l a r  t o  m ode m  =  1  :  n ,  w h i c h  c o u l d  b e  ex p r es s ed  b y

modem = ( i n t  i )  boo l :  1  n .

Of c our s e,  i n  t h e  c on t ex t  o f  r eal ,  x ,  peer ed  l  y ,  z  , t h e  as s i gna t i ons  x : =  y  and y :=  z a r e

OK, b u t  y : =  s  i s  n o t ,  s i nc e  i t  c annot  be guar ant eed t h a t  x i s  p o s i t i v e .  One has t o  w r i t e

case x  i n  (pos rea l  p ) :  y : =  p  ou t  e r r o r  seas.

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

f o r  i n c r e a s i n g  s e c u r i t y  i n  c e r t a i n  c as es  w her e n o  o t h e r  s i m p l e  s y n t a c t i c  m eans

a v a i l .  S uppos e  t h a t  a  f u n c t i o n  has  b e e n  d e fi n e d  w h i c h  o n l y  c onv er ges  i f  a  p o s i -

t i v e  ar gum ent  i s  s u p p l i e d .  A  s e n s i b l e  pr ogr am m er  m ay i n s e r t  a  c hec k  a t  t h e

r o u t i n e ' s  e n t r y ,  b u t  i f  t h i s  c hec k  f a i l s ,  h i s  t r o u b l e  b e g i n s .  W her e d i d  t h e

er r oneous  v a l u e  o r i g i n a t e ?  How w as  i t  pas s ed  on?  B y  p r e s c r i b i n g  t h e  m ode p o s r e a l

a t  a l l  p l a c e s  w her e  h e  know s  t h e  v a l u e s  i n v o l v e d  s h o u l d  b e  p o s i t i v e ,  t h e  p r o -

grammer c a n  c a t c h  t h e  e r r o r  a t  i t s  p o i n t  o f  o r i g i n .

5. ABSTRACTION FROM DATA REPRESENTATION

Even t h o u g h  a  c e r t a i n  o p e r a t i o n  m ay b e  p e r f e c t l y  m ean i ng f u l  a s  f a r  a s  t h e

sem ant i cs  o f  t h e  a l g o r i t h m i c  l a n g u a g e  i s  c onc e r ned ,  i t  m ay b e  s h e e r  nons ens e

fr om  a  hum an p o i n t  o f  v i e w .  M y  s c h o o l  t e a c h e r s  w ou l d  i n s i s t  t h a t  o n e  c a n n o t  add

appl es  a n d  p e a r s  t o g e t h e r ,  a n d  y e t  enough  pr ogr am m i ng e r r o r s  h a v e  been  made b y

addi ng b i r t h  d a t e s  t o  s a l a r i e s  o r  r e l a t i v e  e r r o r s  t o  a b s o l u t e  q u a n t i t i e s .  I

m y s el f  h a v e  a  s o r e  r e c o l l e c t i o n  o f  a  pr ogr am  d e a l i n g  w i t h  m us i c  w h i c h  em pl oy ed

two d i f f e r e n t  s y s tem s  t o  r e p r e s e n t  n o t e s  b y  i n t e g e r s .  I n  s p i t e  o f  som e c a r e f u l

m easur es , v a l u e s  i n  one  s y s tem  k e p t  t u r n i n g  u p  a t  p l a c e s  w her e  v a l u e s  i n  t h e

o t h e r  s y s t em  w er e e x p e c t e d .

I t  i s  s t r a n g e  t h a t  t h e  s e c u r i t y  p r o v i d e d  b y  a b s t r a c t i o n  f r o m  d a t a  r e p r e s e n t a -



t i o n  i s  o f f e r e d  a t  a  l ow  l e v e l ,  b u t  s hou l d  b e  w i t h h e l d  f r o m  t h e  u s e r  a t  h i g h e r

l ev el s  o f  a b s t r a c t i o n .

An exam pl e o f  t h e  us e o f  i n t e g e r s  t o  r e p r e s e n t  a n  i n  f a c t  c o m p l e t e l y  d i f f e r -

ent c onc ept  i s  g i v e n  b y

by

i n t  male = 1,  f emale = 2,  neut er  = 3.

The i n t e n t i o n  her e  i s  m er el y  t o  i n t r o d u c e  t h r e e  new ,  d i s t i n c t  v a l u e s  t o  r e p r e s e n t

gender s . T h i s  i s  m uch m or e c l e a r l y  ex pr es s ed b y  t h e  s c a l a r  t y p e  o f  PASCAL:

type gender = (male,  f emale,  neut er ) .

I n  t h i s  w ay ,  m eani ngl es s  ex pr es s i ons  l i k e  m al e +  f em a l e  x  n e u t e r  a r e  p r o h i b i t e d .
(The f or m ul a  6  -  me -  d e  i n  t h e  T ow er s - of - H anoi  ex am pl e o f  t h e  R ev i s ed  ALGOL 6 8

Repor t i s  a  " d i r t y "  pr ogr am m i ng t r i c k  t o  s e l e c t  t h e  t h i r d  e l em ent  o f  a  s e t ,
d i f f e r e n t  f r om  me and  d e . )

An e l e g a n t  way t o  p r ev en t  t h e  m i x i ng  u p  o f  a r i t h m e t i c  q u a n t i t i e s  r e p r e s e n t -

i ng,  e . g . ,  p h y s i c a l  q u a n t i t i e s  w i t h  d i f f e r e n t  d i m ens i ons ,  i s  p r e s e n t e d  b y
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same d e s c r i p t i o n a l  t ec hn i que  as  t h e  R ev i s ed R epor t .  A  s i m p l e  ex am pl e i s  g i v e n  b y

pouch inc h r e a l  x ,  y ,  pouch cm rea l  a.

The dec l a r e r  pouc h i n c h  r e a l  i s  us ed  f o r  v a l u e s  w h i c h  a r e  r e p r e s e n t e d  a s  r e a l
numbers b u t  hav e a  d i s t i n c t  m ode, a s  i n d i c a t e d  b y  t h e  t a g  i n c h  w h i c h ,  o f  c o u r s e ,

has no  i n h e r e n t  m eani ng.  A f t e r  t h e s e  d e c l a r a t i o n s ,  x : =  y  i s  a  v a l i d  a s s i g n a t i o n ,

but  x : =  a  i s  n o t .  I t  i s  pos s i b l e ,  how ev er ,  t o  w r i t e  x : =  z  0 . 3 9 3 7  i nc h / c m .  T h e

v a l i d i t y  i s  c hec k ed b y  per f or m i ng d i m ens i onal  a n a l y s i s  a s  p a r t  o f  t h e  m ode

mechanism. ( N o t e  t h a t  0 . 3937  i nc h/c m  i s  n o t  a  f o r m u l a ,  b u t  a  d e n o t e r  f o r  v a l u e s

of  t h e  mode pouc h i nc h/c m  r e a l . )  A  q u i t e  d i f f e r e n t  m ethod o f  u s e  i s  i l l u s t r a t e d

F1952 :  1975 years ]  bool  o f  age.;
f o r  y  f rom 1952 t o  1975 years
do o f  age r y ] : =  y  -  1952 years  ?. 21 y ears  od.

For  m or e- di m ens i onal  m u l t i p l e  v a l ues ,  a s s o c i a t i o n  o f  d i f f e r e n t  pouc hes  w i t h

d i f f e r e n t  s ubs c r i p t  p o s i t i o n s  w i l l  e f f e c t i v e l y  p r e v e n t  a c c i d e n t a l  t r a n s p o s i t i o n
o f  s ubs c r i p t s .

A l though t h e  i n c o r p o r a t i o n  o f  s uc h f e a t u r e s  i n  f u t u r e  pr ogr am m i ng l anguages
shoul d b e  enc our aged,  t h e  gener a l  pr obl em  needs  a  s e p a r a t e  a t t a c k .  T h e r e  w i l l

always r em ai n a  need f o r  t h e  i n t r o d u c t i o n  o f  new  modes w i t h  a  m eani ng n o t  y e t
cater ed f o r .  I n  or der  t o  r epr es ent v a l ues  o f  t h a t  m ode,  som e c h o i c e  h a s  t o  b e  m ade



among t h e  a l r e a d y  d e fi n a b l e  m odes .  P r es um ab l y ,  som e o p e r a t i o n s  a r e  t h e n  p o s s i b l e

w hi ch a r e  m ean i ng l es s  i n  t er m s  o f  t h e  i n t e n d e d  m eani ng.

C ons i der ,  e . g . ,  a  m ode " s t a c k " .  M e a n i n g f u l  o p e r a t i o n s  o n  a  s t a c k  a r e  pus h -

i ng  and  p o p p i n g .  I n  o r d e r  t o  m odel  a  s t a c k ,  a  p a i r  c o n s i s t i n g  o f  a n  i n t e g e r  and

a l a r g e  a r r a y  m i g h t  b e  u s e d .  A l t e r n a t i v e  r e p r e s e n t a t i o n s  a r e  a  l i n e a r  l i s t  o r  a
doubl e- ended queue  ( w h i c h  m ay b e  a v a i l a b l e  a s  p r i m i t i v e  i n  som e pr ogr am m i ng

l anguages ) .  U s i n g  t h e  l a s t  r e p r e s e n t a t i o n  i t  w ou l d  b e  p o s s i b l e  t o  p o p  t h e  b o t t o m

o f  t h e  s t a c k ,  a n  o p e r a t i o n  w h i c h  c a n n o t  b e  ex pr es s ed r e a s o n a b l y  u s i n g  t h e  fi r s t

m odel .  C o n v e r s e l y ,  u s i n g  t h e  fi r s t  m o d e l  i t  i s  p o s s i b l e  t o  s e l e c t  e l em ent s  o f

t he s t a c k  a t  r andom .  A l l  o f  t h e s e  a r e  m eani ngl es s  i n  ter m s  o f  t h e  s em ant i c s  o f

a s t a c k  a n d  s h o u l d  b e  p r e c l u d e d .

U s i ng t h e  c l a s s  c o n c e p t  o f  SIM ULA 6 7 ,  w e c a n  d e fi n e

c lass  s t ac k ;

begin i n t e g e r  p t r ;  i n t e g e r  a r ray  Ce 1 1
7
1  :  l a r g e l ;

procedure push ( i ) ;  i n t e g e r  i ;
begin p t r : =  p t r  + 1;  c e l l i p t r l : =  i  end;
in t eger  procedure pop;
begin pop:  = c e l l r p t r ] ;  p t r : =  p t r  -  1 end;
p t r : =  0

end.

I f ,  a s  h a s  b e e n  p r opos ed ,  t h e  i d e n t i fi e r s  p t r  and  c e l l  a r e  h i d d e n  and  o n l y  pus h

and pop  a r e  e x p o r t e d ,  t h e n ,  a f t e r  t h e  d e c l a r a t i o n  r e f  ( s t a c k )  s ,  t ,  t h e  o n l y

ope r a t i ons  t h a t  m ay  b e  us ed  o n  s  a n d  t  a r e  s . p u s h  and  s . p o p ,  a n d  t . p u s h  a n d

t . p o p ,  r e s p e c t i v e l y .  T h u s ,  i n  f a c t ,  e a c h  new  v a r i a b l e  o f  c l a s s  s t a c k  i s  o f  a
new, u n i q u e  m ode.

The adv an t ages  o f  t h e  u s e  o f  c l a s s e s  f o r  l i g h t e n i n g  t h e  c o r r e c t n e s s  p r o o f

by  f a c t o r i n g  i t  ar e ex pounded b y  HOARE [ 1 0 ] .  A  v e r y  s i m i l a r  c o n s t r u c t i o n  i s  p u t

for w ar d b y  LISKOV &  Z ILLES [ 1 1 ] ,  w ho s t r e s s  t h e  f a c t  t h a t  a n  a b s t r a c t  d a t a  t y p e

s houl d b e  c h a r a c t e r i z e d  b y  t h e  a v a i l a b l e  o p e r a t i o n s  a s  d e fi n e d  b y  t h e  u s e r .  T h e

germ o f  t h i s  i d e a  c o u l d  a l r e a d y  b e  f o u n d  i n  W ILKES [ 1 2 ] .

T hi s  f e a t u r e ,  n i c e  t h o u g h  i t  m ay  b e ,  i s  i n s u f fi c i e n t  t o  c a t e r  f o r  o u r  needs ,

s i nc e o n l y  m onadi c  o p e r a t i o n s  m ay  b e  p r e s c r i b e d .  A  s o l u t i o n  has  b e e n  pr opos ed

by MORRIS [ 1 3 ] ,  w h i c h  w i l l  b e  dem ons t r a t ed  h e r e  a s  a n  e x t e n s i o n  o f  " d e fi n i t i o n

m odul es "  a s  p r opos ed  b y  SCHUMAN E143.  T h e r e ,  i d e n t i fi e r s  a n d  o t h e r  i n d i c a t o r s

may b e  h i d d e n  i n  t h e  c o n t e x t  i n  w h i c h  t h e  d e fi n i t i o n  m odu l e  i s  i n v o k e d  b y

pr ec ed i ng  t h e i r  d e fi n i t i o n  b y  i m p l i c i t .  I f ,  l i k e w i s e ,  t h e  p o s s i b i l i t y  i s  i n t r o -

duced o f  p r e fi x i n g  a  m o d e - d e fi n i t i o n  w i t h  p r i m i t i v e ,  m ean i ng  t h a t  i n  t h e  i n v o c a -

t i o n  c o n t e x t  t h e  m ode d e fi n e d  i s  t r e a t e d  a s  p r i m i t i v e ,  w e a c h i e v e  t h e  d e s i r e d

e f f e c t .  F o r  ex am pl e,  w e  m i gh t  d e fi n e



defi n i t i on  pre lude =
begin mode p r i mi t i v e  i n t  = 10 :  15 ]  boo l ,

p r imi t i v e  c har = [ 0  :  15 ]  b o a ,
2p + = ( i n t  a,  b )  i n t :  . . . ,

op abs =  (c har  a) i n t :  a ,
2p rep r  = ( i n t  a)  c har:  a

end

and t h e n  i nv ok e  t h e  d e fi n i t i o n  i n

begin env prelude;
i n t  i ,  c ha r  c ;

end,

where i n  t h e  l a t t e r  c o n t e x t  i : =  abs  c  and c : =  r e p r  i  a r e  l e g a l  a s s i g n a t i o n s ,

w hi l e i : =  c  and c : =  i  a r e  s y n t a c t i c a l l y  i n v a l i d .  T h e  m ode o f  a b s  i s  p r o c  ( [  ]

bool )  f  3  b o o l  i n  t h e  c o n t e x t  o f  t h e  d e fi n i t i o n  m odu l e ,  b u t  p r o c  ( c h a r )  i n t
i n  t h e  i n v o c a t i o n  c o n t e x t .

A r ec u r r en t  c om p l a i n t  w i t h  r es pec t  t o  t h e  d e s i g n  o f  ALGOL 6 8  h a s  b e e n  t h e

use o f  t h e  name c onc ep t  b o t h  f o r  v a r i ab l es  a n d  f o r  p o i n t e r s  t o  ( s t r u c t u r e d )

ob j ec t s .  T he  es s enc e o f  t h i s  c om pl a i n t  i s  t h e  f a c t  t h a t  t w o  p r o p e r t i e s  o f  nam es

ar e i n v a r i a b l y  l i n k e d  t o g e t h e r :  t h a t  o f  g r a n t i n g  ac c es s  t o  a n  o b j e c t  w i t h o u t

a u t o m a t i c c r e a t i o n o f  a  c opy ,  and  t h a t  o f  g r a n t i n g  t h e  r i g h t  t o  s upe r s ede  i t

( or  i t s  p o s s i b l e  s ub - ob j ec t s ) w i t h a n o t h e r  o b j e c t .  F o r  ex am pl e,  i f  l i s t s  a r e

r epr es ented i n  t h e  u s u a l  w ay ,  ac c es s  t o  a  l i s t  i m p l i e s  t h e  p o s s i b i l i t y  o f  a n

oper a t i on  s uc h as  t a i l  2 f  a : =  a ,  c r e a t i n g  a n  i l l - f o r m e d  ( c i r c u l a r )  l i s t .  T h i s
i s  a  t y p i c a l  ex am pl e o f  a  m eani ngl ess  o p e r a t i o n  i n  ter m s  o f  t h e  s em ant i c s  o f

l i s t s ,  m ade p o s s i b l e  b y  t h e  f a c t  t h a t  some r e p r e s e n t a t i o n  has  t o  b e  c hos en .
U s i ng t h e  abov e appr oac h,  o n e  may d e fi n e

defi n i t i on  l i s t s  =

begin mode l i s t  = union ( n i l ,  p r o p e r l i s t ) ,
p r imi t i v e  n i l  = v oid,

p r imi t i v e  p roper l i s t  = r e f  s t ruc t  ( s t r i n g  head,  l i s t  t a i l ) ,
* = ( s t r i n g  a,  l i s t  b)  p r o p e r l i s t :

heap s t ruc t  ( s t r i ng  head, l i s t  t a i l ) :  = (a ,  b ) ,

on head = (p rope r l i s t  a)  s t r i ng :  head 21 a,
gE t a i l  =  ( p rope r l i s t  a)  l i s t :  t a i l  2_f a,

end.



Onl y  w e l l - f o r m e d  l i s t s  m ay  b e  f o r m ed  w i t h  t h e  o p e r a t i o n s  m ade a v a i l a b l e  b y  t h i s

m odul e.  I n  o t h e r  w or ds ,  i f  a  l a n g u a g e  s u c h  a s  ALGOL 6 8  i s  endow ed w i t h  t h e  p o s -

s i b i l i t y  o f  u s e r - d e fi n e d  " p r i m i t i v e "  m odes ,  t h e  b a s i s  f o r  c om p l a i n t s  l i k e  t h e

above v a n i s h e s  c o m p l e t e l y .

6. CONCLUSION

A s k e t c h  h a s  b e e n  g i v e n  o f  how  i n f o r m a t i o n  a b o u t  dy nam i c  p r o p e r t i e s  o f

v a l ues  ( t h e i r  m eani ng)  c a n  b e  ex p r es s ed  a s  a  s t a t i c  p r o p e r t y  ( t h e i r  m ode) ,

w i t h  v a r y i n g  deg r ees  o f  s o p h i s t i c a t i o n .  I t  i s  m y b e l i e f  t h a t  i t  i s  n o t  s u f fi c i e n t

t o  s t u d y  d i s c i p l i n e s  t h r o u g h  w h i c h  m or e r e l i a b l e  pr ogr am s  m ay  b e  o b t a i n e d ,  b u t

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

t h i s  d i s c i p l i n e  o n  h i s  w eak  fl e s h .  I  hope  t h a t  t h i s  p a p e r  m ay s ugges t  som e

f e a s i b l e  t o o l s  t o  f u t u r e  l a n g u a g e  d e s i g n e r s .
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