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I. INTRODUCTION 

The concept of "type" has been used without 
a precise definition in discussions about program- 
ming languages for 20 years. Before the concept 
of user defined data types was introduced, a defi- 
nition was not necessary for discussions of speci- 
fic programming languages. The meaning of the 
term was implicit in the small list of possible 
types supported by the language. There was even 
enough similarity between different languages so 
that this form of definition allowed discussions 
of languages in general. The need for a widely 
accepted definition of type became clear in dis- 
cussions of languages that allow users to add to 
the set of possible types without altering the 
compiler. In such languages, the concept of type 
is no longer implicitly defined by the set of 
built-in types. A consistent language must be 
based on a clearer definition of the notion of 
type than we now have. 

II. PREVIOUS APPROACHES 

We have found the following five different 
approaches to a definition of type in the litera- 
ture (sometimes implicitly). We describe them 
briefly, and then discuss briefly the problems 
associated with them. 

a. Syntactic. Type is the information that 
one gives about a variable in a declaration. If 
in old languages one could write 'VARIABLE X IS 
INTEGER," and one can now write "VARIABLE X IS 
***," then *** is a type. Such an approach only 
avoids the problem. The basic need of a defini- 
tion appears when one tries to decide what should 
go under ***. 

b. Value Space. A type is defined by a set 
of possible values. One may therefore discuss 
unions, cartesian products, and other mathemati- 
cally acceptable topics [5,13]. 

c. Behavior. A type is defined by a value 
space and a set of operations on elements of that 
space [8 ]. 

d. Representation. A type is determined by 
the way that it has been represented in terms of 
more primitive types [12,14]. This is do~e 
repeatedly until one reaches some primitive data 
types - usually hardware (or compiler) imple- 
mented primitive types. 

e. Representation Plus Behavior. A type is 
determined by a representation plus the set of 
operators that define its behavior; these operators 
are defined in terms of a set of procedures oper- 
ating on the representation [3,6,7]. 

We have been unable to use any of these 
approaches to produce a definition of type in an 
"extensible" language that allowed us to achieve 
both certain practical goals (e.g., strong compile 
time type checking of arrays with dynamic bounds) 
as well as the aesthetic goal of having a simple 
language with a clear and simple set of semantic 
rules. Each simple set of rules led to the exclu- 
sion of cases of practical importance; the inclu- 
sion of those cases invariably resulted in a set 
of exceptions that made the basic semantics of the 
language hard to understand. 

As a result of the experiences mentioned 
above, we have decided to construct a new approach. 
We consider the notion of a varlable ~ and its per- 
mitted contexts within a program as p~imitive. and 
we define types as equivalence classes of variables. 
We do not include a precise definition of a vari- 
able since variables have essentially the same 
meaning in all commonly used programming languages~ 
and since there is no evidence of any practlc~l 
difficulty resulting from the lack of a definition. 
As a result, we feel justified in taking ~the con- 
cept of variable to be p~imitlve and using that 
concept as a basis of our definition of mode and 
type. For this purpose, we consider constants and 
temporary variables for the storage of intermedi- 
ate results to be variables as well. 

III. MOTIVATIONS FOR TYPE EXTENSIONS 

We begin with a brief discussion of the rea- 
sons for including user-defined types, sometlmes 
called type extensions, in a programming language. 
Including a type definition facility in a language 
will not increase the class of functions that can 
be computed by programs in the language, nor will 
it make possible the generation of better machine 
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~ined data t ype is generally 
an a b s t r a c t i o n  from many p o s s i b l e  s t r u c t u r e s  o f  
more p r i m i t i v e  data  elements and many p o s s i b l e  
procedure  implementa t ions .  Languages t h a t  allow 
the  d e f i n i t i o n  of  a b s t r a c t  data  types support  the 
use o f  such programming methodologies  as " s t r u c -  
tured programmlng," "Itepwise refinement," "infor- 
mation hiding," etc. [4,10,15]. 

b. Redundancy ~nd Compile Time Checkln 8. 
In defining new types|and declaring variables to 
be of those types, on~ is providing additional 
information about the|intended use of the data, 
thereby restricting t~e set of meaningful opera- 
tions on the data. I~ a correct program, this 
i n fo rma t ion  i s  redundant ,  but for  programs being 
developed,  it al lows more checking and e r r o r  
d e t e c t i o n  by the compi le r .  I t  i s  wide ly  b e l i e v e d  
that such redundancy Will lead to more reliable 
programs and lower prqgram development c o s t s .  

c. Abbreviatioq. If a program is written 
in  terms of  ope ra t i ons  on data  types and s t r u c t u r e s  
def ined  by the  u s e r ,  £t can be s h o r t e r  than an 
e q u i v a l e n t  program w r i t t e n  i n  terms of  data  types 
de f ined  for  gene ra l  purposes .  The s h o r t e r  program 
i s  e a s i e r  to  w r i t e ,  u~ders tand ,  prove c o r r e c t ,  
modify,  e t c .  The source  t e x t  r e q u i r e s  l e s s  s t o r -  
age space.  Code shar ing  can occur i f  the use r -  
de f ined  data  e l e m e n t s a n d  t h e i r  a s s o c i a t e d  
ope ra t i ons  a re  s u i t a b l e  fo r  use in  more than one 
program or in  more than one ' ~ o d u l e "  of  a l a r g e  
program. Extens ive  a ~ b r e v i a t i o n  and code shar ing  
in programs was made possible by the invention of 
the subroutine. Dataabstractions are the next 
step. 

d. Data P o r t a b i l i t y .  Often a programmer i s  
faced with us ing or  p~oducing data  de f ined  accord-  
ing to a d a t a ; o r g a n i z a t i o n  not under h i s  c o n t r o l .  
Sometimes the~programr~er must process  data  inde-  
pendent ly  produced in  i severa l  systems us ing d i f f e r -  
ent  formats. ,The ability to define data types and 
write program~ in ter~s of those data types should 
assist in red~cing th~ amount of program rewriting 
made necessary by the!introduction of new data or 
new data orgadlmations. In many important appli- 
cations, the data may ibe self-describing so that 
its characteristics can only be completely deter- 
mined at the time of actual processing. Extenslble 
languages should be helpful in this situation as 
well. 

In our opini~n, languages currently be- 
ing d i scussed  have n o t l a c h i e v e d  the fo rego ing  
g o a l s .  Current  t r ends l seem to favor  s t r o n g l y  
typed languages t h a t  u~e a r e p r e s e n t a t i o n  or  
r e p r e s e n t a t i o n  plus behavior  approach to type 
definition [6,7,14]. The definition of types in 
terms of  r e p r e s e n t a t i o n  plus behav ior  i n t e r f e r e s  
wi th  the goal  of  a b s t r ~ c t i o n  because a t echn ique  
for  handl ing  more thanlone  implementa t ion  o f  an 
a b s t r a c t i o n  a t  a time ~n one program has not been 

developed.  The d e s i r e  for  compi le - t ime  checking 
i n t e r f e r e s  with a b b r e v i a t i o n  and code shar ing  be- 
cause s t rong  type checking tends to p reven t  code 
developed to work with  data  of  one type from use 
on data  of  another  type ,  even when i t s  a p p l i c a t i o n  
is meaningful. One reason why APL programs can be 
so short is because of the "everything goes" atti- 
tude taken toward the types o f  v a r i a b l e s  expected 
by o p e r a t o r s .  A d e f i n i t i o n  of  type in  terms of  
va lue  spaces i n t e r f e r e s  wi th  the goal  of  compile-  
t ime checking s ince  v a r i a b l e s  tha t  count pears  and 
variables that count light bulbs have the same 
value apace. (Because so many distinct properties 
of objects can be described with the same value 
space,  i t  i s  necessa ry  to use the concept  o f  u n i t s .  
We see support for the definition of the units in 
which a quantity is expressed as one of the obli- 
gations of the concept of user defined types. We 
a l so  note  t h a t  u n i t s  as such a re  o f t e n  inadequa te  
for our purposes. Very different properties of an 
object may be measured in the same units, for 
example, length and height.) 

IV. A NEW APPROACH 

The e x t e n t  to which a programming language 
supports  the goa ls  d i scussed  in  the p rev ious  sec-  
t i o n  depends almost entirely on the situations in 
which one variable may be substituted for another. 
A b s t r a c t i o n  from the d i f f e r e n c e s  between two v a r i -  
ab les  is achieved when one variable may be substi- 
tuted for the other without making the program 
illegal or meaningless. Compile time type check- 
ing prohibits the substitution of one variable for 
another in certain contexts. 

Al l  of  the p r a c t i c a l  d i f f i c u l t i e s  t ha t  we 
have encountered in  our a t t empts  to use the d e f i n i -  
t i o n s  of  type mentioned in  Sec t ion  I I  appeared be- 
cause each d e f i n i t i o n  p laced c e r t a i n  r e s t r i c t i o n s  
on the con tex t  in  which v a r i a b l e  s u b s t i t u t i o n s  
were allowed. Those restrictions then prevent the 
achievement  of  one or  more of  the goals  t h a t  we 
o u t l i n e d  in  Sec t i on  ZZI. As a r e s u l t ,  we have 
chosen to cons ide r  a l e s s  r e s t r i c t e d  d e f i n i t i o n  in  
which the concept  o f  v a r i a b l e  i s  cons ide red  p r imi -  
t i v e  and types are  de f ined  as va r i ous  equ iva l ence  
c l a s s e s  of  v a r i a b l e s  t h a t  may be l e g a l l y  and mean- 
i n g f u l l y  s u b s t i t u t e d  fo r  one ano the r .  In order  to 
exp lo re  such a d e f i n i t i o n ,  we need to i n t roduce  
the concept of a variable's mode'. 

V. THE MODE OF A VARIABLE 

When a v a r i a b l e  i s  dec l a r ed  in  conven t iona l  
programming languages,  such as FORTRAN, ALGOL 60, 
or  PASCAL, the compi ler  i s  g iven  enough informa-  
t i o n  to determine  how the da ta  r e f e r r e d  to by 
means o f  the v a r i a b l e  i s  to be r e p r e s e n t e d  and 
which procedures  a re  a l lowed to ope ra t e  upon the 
r e p r e s e n t a t i o n .  We r e f e r  to a l l  v a r i a b l e s  t ha t  
are identical with respect to data representation 
and access  as being o f  the same mode. Once the 
mode of  a v a r i a b l e  i s  de termined,  the compi ler  has 

IThe use of the terms "type" and '~node" here is not 
consistent with that found in the literature, 
which is itself inconsistent in the usage of these 
terms. In particular, the use of these terms here 
is different from the usage adopted in [16]. 
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enough information to p r o d u c e  m a c h i n e  code that 
will operate on the machine representation of the 
variable. 

Mode d e f i n e s  an  e q u i v a l e n c e  c l a s s  on v a r i -  
a b l e s .  Any v a l u e  t h a t  c an  be  s t o r e d  i n  one  v a r i -  
a b l e  o f  a g i v e n  mode can  be  s t o r e d  i n  a n o t h e r  o f  
t h e  same mode. Any p rog ram t h a t  o p e r a t e s  c o r r e c t -  
l y  on a variable of a glvenmode will operate on 
any o t h e r  v a r i a b l e  o f  t h e  same mode u n d e r  e x a c t l y  
the same conditions (initial values, etc.). 

Vl. TYPES AS CLASSES OF MODES 

Each mode defines a simple class of vari- 
ables, namely, variables whose substitution for 
each other in any context will not result in a 
compile-time errore We introduce the concept of 
type in order to define classes of variables whose 
substitution for each other i s  permitted by the 
compiler only in some restricted contexts. Since 
we need n e v e r  d i s t i n g u i s h  b e t w e e n  two v a r i a b l e s  o f  
the same mode, types can be thought of as classes 
o f  modes .  

We a r e  u n w i l l i n g  t o  r e s t r i c t  o u r s e l v e s  to  
t y p e s  t h a t  c o n s i s t  o f  a s i n g l e  mode b e c a u s e  o f  o u r  
g o a l s  o f  a b s t r a c t i o n  and a b b r e v i a t i o n .  Xn a 
practical language, it should be possible to write 
programs that can be applied to variables of more 
t h a n  one mode. ( G e n e r i c  p r o c e d u r e s  a r e  c u r r e n t l y  
o f t e n  u sed  t o  s o l v e  t h i s  p r o b l e m . )  On t h e  o t h e r  
h a n d ,  the g o a l  o f  i n c r e a s e d  r e d u n d a n c y  and  t y p e  
checking forbids allowing the compiler to compile 
code whenever a meaningful interpretation can be 
i m a g i n e d .  Such an  a p p r o a c h  i s  o f t e n  e u p h e m i s t i -  
c a l l y  c a l l e d  a u t o m a t i c  t y p e  c o n v e r s i o n .  Because  
we have  n e v e r  s e e n  a s y s t e m  o f  a u t o m a t i c  t y p e  con -  
v e r s i o n s  t h a t  p e r f o r m e d  a l l  c o n v e r s i o n s  t h a t  a g r e e d  
w i t h  ou r  i n t e n d e d  u s e  o f  t h e  d a t a  and r e f u s e d  t o  
p e r f o r m  any o t h e r s ,  we f a v o r  l a n g u a g e s  t h a t  h a v e  
no a u t o m a t i c  c o n v e r s i o n s .  The a l t e r n a t i v e  to  t y p e s  
c o n s i s t i n g  o f  a s i n g l e  mode i s  t o  d e f i n e  t y p e s  as  
classes of modes and to specify in terms of types 
the set of permissible operands for newly defined 
operators. Thla allows t h e  programmer who defines 
a new type to determine the set of permissible 
operator/operand combinations and requires that 
he  define the meaning of expressions involving 
'his" type. Additional burdens are thereby placed 
on the definer of a d a t a  type, b u t  the user of 
that type is relieved from the onerous task of 
writing explicit calls on conversion routines in 
many situations. 

In our view, the term "abstract data type" 
is properly applied to the concept of type dis- 
cussed above. A data type only deserves the name 
" a b s t r a c t "  i f  i t  i n c l u d e s  more t h a n  one  mode and 
if one can deal with all members of the mode class 
without distingulshlng among them. 

One can combine modes into types for a vari- 
ety of reasons, such as to support the goals of 
abstraction, abbreviation, and code sharing with- 
out sacrificing type checking. In the following 
sections, we discuss examples of situations in 
which  modes s h o u l d  be grouped  i n t o  t y p e s .  These  
examples should not be interpreted as a refine- 
ment of the basic definition. The language user 
should be able to group modes into types almost 

a r b i t r a r i l y .  The s i t u a t i o n s  d e s c r i b e d  be low a r e  
m e r e l y  t h o s e  which  we e x p e c t  to  o c c u r  mos t  o f t e n .  
Any language that will not allow us to define types 
in the situations described below i s  n o t  satis- 
factory. 

V I I .  TYPES CONSISTING OF MODES WITH IDENTICAL 
EXTERNALLY VISIBLE BEHAVIOR (SPEC-TYPES) 

For  any  mode d e f i n e d  by a r e p r e s e n t a t i o n  and 
a s e t  o f  p e r m i s s i b l e  o p e r a t o r s ,  one  can  d e s c r i b e  
t h o s e  c h a r a c t e r i s t i c s  t h a t  can  be  o b s e r v e d  by 
operating on the representation using only the 
o p e r a t o r s  p r o v i d e d .  T h i s  ' % l a c k  b o x "  p i c t u r e  o f  
t h e  mode can  b e  t e rmed  i t s  s p e c i f i c a t i o n  [ 9 ] .  I f  
this specification of the mode contains less infor- 
mation than is contained in a description of its 
i m p l e m e n t a t i o n ,  t h e r e  a r e  o t h e r  modes t ha t  a l s o  
satisfy the specification. As an example, the 
specification for modes used to implement complex 
numbers need not define whether the internal repre- 
sentatlon is in terms of real and imaginary parts 
or in terms of argument and magnitude. 

The set of modes that satisfy a given speci- 
ficatlon constitute an important class, which we 
call a snec-type. Any program that is written to 
operate on variables of a spec-type, and that can 
be proven correct without assuming more informa- 
tion about the type than is given in the specifi- 
cation, will be correct for another variable of 
that type even if the mode is different. When the 
mode i s  c h a n g e d ,  recompilatlon may be n e e d e d ,  but 
the program text need not be changed. Given a 
procedure with a parameter specified to be of a 
given spec-type, it should be possible for the 
compiler to verify that the parameter is operated 
upon only as permitted by the type specification. 
The compiler can then permit the procedure to be 
shared by anyone who wishes to call it with a 
variable whose mode is a member of the given 
s p o t - t y p e .  

VIII. TYPES CONSISTING OF MODES WITH IDENTICAL 
REPRESENTATIONS (R~-TYPES) 

It Is quite common to find data with very 
different meanings having the same representation. 
For example, integers and reals are often both 
represented by a single machine word. A user may 
choose to represent both a two-dlmenslonal posi- 
tion and a complex number by a structure with two 
real elements. One of the most frequent complaints 
about languages with strong type checking is that 
one Is prevented from utilisln 8 the common pro- 
perties of two modes. These restrlctione have 
boon introduced in part to prevent the writing of 
programs whose correctness depends on implementa- 
tion details that are not part of the language 
definition, (Such programs could become incorrect 
if a compiler change is made.) Unfortunately, the 
restrictions extend beyond the protection of imple- 
mentatlon details. Many operations (e.g., storage 
management ) can be usefully applied (with the same 
meanlng) to all modes havln 8 the same representa- 
tion. A program may also be useful when applied 
to variables of different modes that have common 
representations even though interpretation of the 
effect of that program may be quite different in 
each case. 

151 



X. TYPES CONSISTING OF MODES WITH SOME COMMON 
PROPERTIES (VARIANT-TYPES) 

For example, the ~ame program could calcu- 
late distance from orig~n for a point in two- 
dimensional cartesian slaee and the magnitude of 
a complex number whose 2 epresentation is in terms 
of real and imaginary p~rts. However nice the 
aesthetic properties of a language may be, if it 
forces users to write dLplicate programs or forces 
the code generated to b~ larger than otherwise 
necessary, the language will have difficulty gain- 
ing acceptance by organizations with strong cost, 
time, and memory constrlints. Under pressure, the 
users of such a languag@ will resort to the dirti- 
est of dirty tricks to meet their time and space 
constraints. 

i 

The above considerations lead us to the con- 
clusion that a user shodld be able to declare as a 
type a group of modes that have the same represen- 
tation and to define a Set of operations on vari- 
ables of that type in terms of that representation. 
We call such a type a ~ .  We do not want a 
compiler to recognize c~mmon representations. 
Membership in a rep-typ~ should be declared expli- 
citly in such a way tha£ the compiler can prohibit 
undeclared representatidn dependence. The deci- 
sion to have a representation-dependent program 
should be an explicit one and the points at which 
representation dependence is introduced should be 
easily recognized. 

IX. TYPES CONSISTING QF MODES THAT ARE INVOCA- 
TIONS OF PARAMETE~IZED MODE DESCRIPTIONS 
(PARAM- TYPES ). 

One of our goals ~s the achievement of code- 
sharing, that is, the ability to use the same code 
to operate on Variables of different types. With 
current computers, compilers, and macro generators, 
it is easy to write code that can be applied to 
variables that are allk e except for the value of 
one or more descriptive iparameters. For example, 
the same code can invert a matrix whether it be 
5 x 5 or 60 x 60. As the CLU language shows [6,7], 
it is also possible to Write code that will imple- 
ment a stack of integers or a stack of variables 
of type complex. The above are examples of the 
use of parameterized mode descriptions. Both are 
descriptions in which certain symbols are desig- 
nated to be parameters, i Defining values of those 
parameters completes the mode description. Thus, 
integer array [M:N], wh@re M and N are parameters, 
defines the mode intese~ array [2:3] if M has the 
value 2 and N the value i3. Similarly, TYP array 
[M;N], where TYP is considered to be a parameter, 
can generate integer arrays, real arrays, etc. 
The class of all modes ~hat can be obtained by 
assigning values to the iparameters of a parameter- 
ized mode description dan be considered as a type. 
Code sharable by all melbers of this type can then 
be written because it c~n refer to the parameters. 

An example of a l@nguage that doe~, not allow 
code sharing in such situations is PASCAL, which 
excludes even dynamic a~rays as they were known in 
A~GOL 60. There have b@en several proposals to 
make a special case of Such arrays. Rather than 
recognize one or two special cases, we choose to 
allow the user to declare as members of the same 

I 
type modes that can be ~enerated by assigning 
values to the parameters of a mode description. 
We call this a param-ty~e. 

A weaker form of spee-types is needed for 
situations in which a variety of modes do not have 
identical specifications, but have some common 
properties that one wants to exploit. (This exam- 
ple of a type can be regarded as a catch-all, since 
it allows handling of anything not falling into any 
of the previous situations.) Consider a personnel 
record system. There may be many different modes 
for representing employees because the data kept 
for each class of employee may be quite different. 
However, all of these will have a birth date. An 
organization may want to invite its employees to a 
free dinner on their birthdays and will want a pro- 
gram that goes through the personnel records and 
produces a file sorted according to birth date con- 
taining only tile name, address, and (in Germany) 
titles and degrees so that a proper invitation can 
be issued a few days before the birthday. This 
program should be written so that it ignores 
(abstracts from) those aspects of the personnel 
record that are irrelevant to it. It should be 
possible to declare a type that includes all per- 
sonnel records and makes them all appear to have 
only those attributes needed by this program. 
The program need not be changed when it is applied 
to new modes. It is only necessary to include the 
new mode in the abstract type for which the pro- 
gram was written. This type is also defined by a 
specification, and the operators specified to be 
common to all variables of the mode must be imple- 
mented for the new type in accordance with those 
specifications. We call such a type a variant- 
type. 

XI. MODES BELONGING TO MORE THAN ONE TYPE 

One of the advantages of our basic defini- 
tion of type is that there are no conceptual diffi- 
culties involved in considering one variable to be 
of more than one type. That arises whenever one 
mode is a member of more than one class of modes. 
Types may also be declared to be subsets of other 
types or a set of types may be combined because of 
some common property and considered (for some pro- 
grams) as a single type. 

For example, one may have two forms of 
strings that are members of a spec-type defining 
the meaningful set of string operations. One of 
these modes keeps the strings tightly packed for 
storage efficiency, the other keeps them in a form 
more suitable for changes. For convenience, exact- 
ly the same set of string operations are defined 
for both of them so that certain programs can be 
written to operate on variables of either mode 
(i.e., on any variable whose mode is a member of 
the spec-type) without converting one into the 
other. The representations of these two modes will 
not be the same, and if a rep-type is declared for 
one of the modes, there will be programs that can 
operate on one but not on the other. These pro- 
grams will be shared with other members of the 
rep-type, but not with other members of the spec- 
type. Efficiency requires that we allow such 
differences to exist; the dictates of structured 
prograrmning and modularity require that we confine 
knowledge of those differences to small parts of 
the system [4,10,15]. 
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A language that allows a variable to be of 
more than one type might be regarded as unstructured 
(i.e., unrestricted) because it allows one to write 
a program that will be correct for one variable of 
a given type, but not for another variable of the 
same type. It is clear that abuse of this facility 
could lead to programs that are hard to understand 
and maintain. Our position is that representation 
or dependent programs will be written whenever cost 
considerations demand it; it is better to provide 
a mechanism that allows the control of such depend- 
ency than to force the programmer to use dirty 
tricks. 

XII o THE TIMES AT WHICH CODE SHARING MAY OCCUR 

If two variables are members of the same 
spec-type, they may share the source code of a 
program, but not necessarily the compiled code. 
This allows source code to be shared among ver- 
sions of the programs [II]. If several members of 
the spec-type are expected to be operated on by 
the same piece of compiled code, then either the 
code compiled must contain a branch on the mode of 
the variable, or the procedures required to satisfy 
the spec-type's specifications must be passed with 
the variable at run time. If the program is writ- 
ten so that the mode of the variable can be deter- 
mined at compile time, more efficient code can be 
compiled than if the program is left more general 
(i.e., only the spec-type is known). 

XIIIo NEED FOR A GENERAL EQUIVALENCE FACILITY 

If the concepts in this paper are to be used, 
it will be necessary to have programs in which one 
data item appears to be of two different types in 
two different programs. One program will operate 
on a variable as a variable of type '~ersonnel 
record," while another will operate on it as a 
variable of type "officer record." Some part of 
the system must be responsible for making sure 
that the same record is operated on in both cases 
and that the changes are kept consistent. This can 
be achieved by representing both variables with the 
same data item. This is an equivalencing facil- 
ity-but one without all of the dangerous proper- 
ties of the FORTRAN EQUIVALENCE statement. In 
FORTRAN, the users of a variable declare the 
EQUIVALENCE. In our proposal, only the program 
responsible for implementing the abstract types 
can make two variables equivalent. Users of the 
modes cannot. The responsibility for consistency 
rests with one "implement?r" rather than with all 
possible users of the data. 

XIV. DESCRIPTION OF FORMAL PARAMETERS FOR 
PROCEDURES ~ MACROS, ETC. 

In a language based on the concepts discussed 
above, it is vital that the description of a formal 
parameter given with the declaration of a procedure 
be permitted in terms of types as well as modes. 
It is worth remembering that in the ALGOL 60 refer- 
ence language [8], formal parameter descriptions, 
although syntactically similar to variable declara- 
tions, were referred to as specifications and did 
not always provide as much information as needed in 
a declaration. (Implementations of ALGOL 60 often 
require that the parameter specification include 
information allowed but not required by the refer- 
ence language.) The clear distinction between 

parameter specifications and variable declarations 
in ALGOL 60 are now lost because of the syntactic 
similarity in the two. Allowing user defined types 
makes the difference vital. A parameter specifi- 
cation may be any kind of type, but a Sarlable 
declaration must also determine a mode. 

Allowing the full range of possibilities 
suggested by this paper would appear to require 
some new or unusual compiling techniques. We vlew 
the issues involved in parameter bindings to be 
among the most important and most difficult remain- 
ing problems for developers of languages that allow 
user defined data types. 

XV. APPLYING THESE CONCEPTS TO DESIGNING A 
LANGUAGE 

Although we feel that the above vlew of types 
provides a clearer conceptual basis for a language 
design than the others that we have considered, we 
have not yet developed a language syntax that 
embodies our concepts. Syntaxes to accommodate 
some of these ideas within the context of data base 
management systems have been proposed (see, for 
example, [2]). We know that the declaration of a 
mode will resemble languages such as PASCAL and 
CLU, but we expect the declaration of a type to 
look quite different. It must be possible to 
define a type by (a) enumerating the member modes 
(or types) or (b) making a declaration of the 
required properties of member modes or (c) some 
combination of the two techniques. For some types 
there will exist a set of operations that must be 
defined for all modes that are of that type; the 
compiler must then check that the necessary opera- 
tors are available for each member mode. Since we 
do not expect to be able to check for correctness, 
the compiler is only required to check that an 
operator of the proper name and form (parameters, 
etc.) exists. We believe that the syntax for 
parameterized mode descriptions should resemble 
the syntax for procedures, which we view as 
parameterized statements. 
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