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SUMMARY

This paper presents a practical method of adding problem-speci�c n otation to an estab-
lished computer language. Our idea is to use unrestricted operato r overloading as a tool
to map the problem domain notation directly into an existing pr ogramming language.

Our method introduces new operator symbols and function names i nto a host language
by overloading existing usage. We extend the host programming l anguage syntax to an
augmented language which is mapped to the host language by a pr ogrammable prepro-
cessor. The preprocessor uses a programmer-modi�able symbolic langu age grammar to
translate an augmented program into a standard program. This p rocess gives a natural
extension to any computer language without modifying the host l anguage. Direct use
of problem notation can improve program legibility and code com prehension within the
problem domain. The preprocessor provides a useful research tool for exploring language
issues without the need to write a compiler for a new language. It can also be used to
provide a domain speci�c language for a programming group at lo wer cost than new
language development.

This paper presents several working examples which illustrate our work. We rede�ne
many of the standard C operators to alleviate some of the more com mon programming
errors, thus creating a \cleaner" C. As a more esoteric example, w e encode a subset of
APL vector operators as an algebraic extension to the C language . A curious applica-
tion of our method shows its success in an arbitrary problem domain by compiling and
executing poetry. Our �nal example introduces standard symboli c logic notation into C
for tautology veri�cation.

KEY WORDS Operator overloading Language design Preprocessor Notati on Problem domains

INTRODUCTION

Most programming languages are much too complex, in their full implication, for many pro-
grammers to use in a casual way. Conventional programming languages are often designed
to satisfy many poorly de�ned and often con
icting objectives, such as e�ciency, generality,
problem-orientedness, machine independence, compatibility, reliability, ease of programming,
and so on. Not surprisingly, their ability to deal with a problem-oriented speci�ca tion is often
less than satisfactory.
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We propose that, ideally, the choice of language operators or functions shouldbe driven
by the problem and its domain; thus, they should not be restricted to a prede�ned set
of arithmetic, logical, and referential operators as created by the programming language
designers13, 2, 10 . Clearly, this goal is not possible for a general programming language. One
solution is special languages, but language explosion, like combinatorial explosion, is undesir-
able. Our solution lies between these two extremes. Our notion of anadaptableprogramming
language is based on the belief that an object of interest is a real entity whichhas meaning
within the problem domain4, 3, 1 . The operations appropriate for the entity can be repre-
sented using a concise notation speci�c to the problem solution. A computer language that
directly captures the notation of the problem domain is a very signi�cant software engineering
objective, for the reasons of providing an underlying uniform representation to theproblem
solution, reusability of functions, and improved maintainability of applicat ion code7, 15 . We
suggest that the natural object operations and their notation should be directly expressible
within the programming language as speci�c algebraic symbols.

Generalized operator overloading is our solution to the problem of extending the capabilities
of a programming language14. We map the new problem notation into the host language. Each
operator symbol has an associated interpretation function that implementsthe semantics of the
operator. Unique operator characteristics such as precedence and associativityare established
by classifying the operator properly within the language grammar structure. We use a language
preprocessor to translate our augmented source code into the standard host language, which
is then compiled and linked for execution. Function name overloading is used to choose the
correct executable implementation function based upon operator argument type.

Generalized operator overloading attacks many of the problems implicit in conventional
programming languages. For instance, the C++ language5 cannot be extended by creating
new operators, operators cannot be rede�ned from unary to binary types, operator precedence
cannot be altered, operator associativity cannot be changed, and operator meaningis de�ned
by the language for built-in data types. Our solution introduces a modi�able grammar speci�-
cation in which new operator symbols can be declared and mapped to semantic interpretation
functions in the problem domain, thereby solving many of the problems listed above.

This paper is organized as follows. TheSolution Design section introduces the generalized
operator overloading conceptual model and shows how a new symbol � can be introduced into
the C language to represent vector addition. TheResults section provides summary examples
of three new applications of generalized operator overloading. TheDiscussion section presents
our conclusions and suggestions for further work.

SOLUTION DESIGN

In our view, the goal of generalized operator overloading is to provide a means for chief
programmers or analysts to con�gure their program development host language to support
operations appropriate to the problem they are attempting to solve. We consider thegeneral
programming task to be a transformation problem where the abstract symbols of the problem
solution design model are made concrete by writing programs in some well de�ned program-
ming language. Figure 1 illustrates our idea of transforming abstract problem notation into
a grammar and executable notation de�nitions. We introduce new symbols into the host lan-
guage grammar and then write functions to de�ne their meaning or interpretation. Programs
coded using the new notation are then automatically translated into the standard host pro-
gramming language. Our conceptual model for implementing generalized operator overloading
is based on the notion of modifying the grammar speci�cation of the program source language.
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Figure 1. Problem Notation Transformation
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The general system architecture is shown in Figure 2. We extend the original programming
language syntax by using a language preprocessor. The preprocessor acts as a precompiler and
translates the language and notation of the problem into native language code.

The problem analysis notation is used to suggest the language grammar extensions which are
necessary. For example, any problem analysis using vectors may use the � symbol to represent
vector summation. A direct programmatic implementation of the analysis model should use
the � symbol de�ned by the analysis notation, rather than transforming this nota tion into
procedural function calls. For example, in C, rather than having to code a vector sum as:

i = sum = 0 ;
while (i < N)
{

sum = sum + vector[i] ;
i = i + 1 ;

}

or, as a C programmer might more concisely code,

for (sum = i = 0 ; i < N ; sum += vector[i++]) ;

we prefer to use the notation
sum =

X
vector ; (1)

or perhaps more precisely, as

sum =
n � 1X

i =0

vector i ; (2)

For this concept to be successful, new operator symbols must be added to the programming
language and linked to functions that provide the semantic interpretation for the operator.

Both equations (1) and (2) are reduced to their corresponding host language statements
by preprocessing the augmented program. The generalized operator overloading preprocessor
converts each overloaded operator symbol into the appropriate function call. Operators may
be of unary or binary type with attached modi�ers or function parameters. An op erator is
translated into a call to a function whose de�nition is contained in an external l ibrary.

For Equation 1, we have chosen to de�ne the symbol � as a notational convenience for a
function f (v) = v1 + v2 + ::: + vk , where v is a vector of numbers all of typet , and k = jvj.
Function f is de�ned on vectors to return a primitive numeric result of type t . The notation
symbol � is transformed into a unary operator which we treat as being right associative. This
operator can be used in more complex expressions according to syntactic and semantic rules
which are de�ned by the language. In our example, the expression � vector + k is a valid
expression, as is 5� � vector . However, unlike mathematics, the expression �� vector in
our interpretation is semantically invalid, because our functional interpretation of the inner �
operator reduces the vector to a primitive value. This gives an invalid argument to the outer �
operator. In our model we would introduce the compound symbol �� as a di�erent o perator
whose implementation function reduces arrays to primitive values. Or, alternatively, we could
de�ne a di�erent implementation of � that was valid for both vectors and primit ive numeric
values. To summarize, Equation 1 reduces to the statementsum = f(vector) .

For Equation 2, the symbol � represents a function f (v; l; u) = vl + vl +1 + vl +2 + :::+ vu , where
l and u are lower and upper bound numeric expressions of the form i=0 and n-1 respectively,
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Figure 2. Conceptual Model
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and v is a reference to the start of the vector storage allocation. The termsl and u are treated
as modi�ers to function f . For vectors, the subscripted index term i is treated as syntactic
decoration for the � operator, and for the purpose of this example it is implemented as a
new overloaded operator, of higher precedence than �.vi is an alias forv. Equation 2 reduces
to the statement sum = f(index(vector,i),i=0,n-1) and the implementation code for the
functions f and index can be seen in Figure 10. Alternatively, had we chosen to implement
the subscript variable i as part of the syntactic de�nition of the � operator, Equation 2 would
simplify to the statement sum = f(vector,i=0,n-1) .

The Grammar Speci�cation

Computer programming language syntax is de�ned by a language grammar speci�cation.
The host language grammar speci�cation, in symbolic rule-based form, is supplied to the
analyst as an aid to modifying the host programming language to include his own speci�c
problem notation. The language grammar speci�cation is a text �le which can be edited
with any standard text editor. For clarity, we partition the speci�cation into interdependent
sections such as declarations, statements, expressions, operators, reserved words, and so on.
Each section describes the grammar rules necessary to correctly parse algebraic expressions
written in the language. The grammar may be simpli�ed as we are only concerned with how
expressions are formed. The analyst is expected to introduce new operator symbolde�nitions
only into the operator section of the host language grammar speci�cation, thus augmenting
the speci�cation in a limited way.

Figure 3 shows two simple context-free expression grammars each of which could be used to
parse an expression of the forma*a + a*a + a*a*a . Operator precedence and associativity
may be speci�ed by adjusting the production rules if necessary. For example, each grammar
implicitly de�nes multiplication as a higher precedence operation than addition. The opera-
tor precedence is dictated by its relative position in the production rule hierarchy. Similarly,
operator associativity depends on the production rule structure. Grammar (a) will generate
right associative expressions and Grammar (b), through its use of optional terms, will gener-
ate left associative expressions. Optional terms are immediately followedwith the opt keyword
and represent productions whose derivation may or may not be present in successfully parsed
language sentences.

Figure 4 shows the di�erent derivation trees which are produced from these grammars for
the expression a + b + c. It can be easily seen that Grammar (b) generates subtrees as
the rightmost branch of the tree whenever optional terms are present in the expression. This
construction is used to output left associative expressions during a left to righttree traversal by
generating code only when an overloaded operator symbol node is found in the tree. For an in�x
binary operator the code generation associates the value of the immediately precedingsymbolic
expression in the tree with the symbolic expression immediately followingthe operator symbol.
Thus, Grammar (a) produces the right associative outputSum(a,Sum(b,c)) and Grammar (b)
gives a left associative outputSum(Sum(a,b),c) .

Figure 5 is an abridged example of a more complex expression grammar which usesaddition,
multiplication, unary, pre�x and post�x operators. Syntactically, each gram mar production
rule set begins with a nonterminal symbol, denoted with a terminating colon. Each nonterminal
symbol is subsequently followed with a set of derivation rules, each rule consisting of one or
more terminal or nonterminal symbols. All rule symbols are delimited by spaces. Comments,
which are lines of text which begin with a period, may be used to document logical sections
within the grammar �le.
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Expression Section. Expression Section.
translation-unit: translation-unit:

add-expr add-expr
add-expr: add-expr:

mult-expr + add-expr mult-expr add-expr2 opt
mult-expr add-expr2:

mult-expr: add-op mult-expr add-expr2 opt
pri-expr * mult-expr mult-expr:
pri-expr pri-expr mult-expr2 opt

pri-expr: mult-expr2:
a mult-op pri-expr mult-expr2 opt

pri-expr:
a

Grammar (a) mult-op:
*

add-op:
+

Grammar (b)

Figure 3. Two Di�erent Add-Multiply Grammars
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Expression Section.
expression:

assignment-expression
assignment-expression:

unary-expression assign-operator assignment-expressio n
additive-expression

additive-expression:
multiplicative-expression additive-expression2 opt

additive-expression2:
additive-operator multiplicative-expression additive- expression2 opt

multiplicative-expression:
cast-expression multiplicative-expression2 opt

multiplicative-expression2:
multiplicative-operator cast-expression multiplicativ e-expression2 opt

cast-expression:
( type-name ) cast-expression
unary-expression

unary-expression:
prefix-operator unary-expression
unary-operator unary-expression
postfix-expression

postfix-expression:
primary-expression postfix-expression2 opt

postfix-expression2:
postfix-operator postfix-expression2 opt

primary-expression:
( expression )
identifier
constant
.
.

Operator Section.
assign-operator:

= S 7 Assign
+=

unary-operator:
+
-

postfix-operator:
[ expression ]
.
.

Figure 5. A Grammar Syntax Example
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� S 5 VecSum

To introduce a new � summation operator into the C language, as shown in Equation 1, we
classify the operator as a unary operator and then add a new production rule for the� symbol
to the unary operator section of the grammar text �le. This production rule speci�es the name
of the operator semantic interpretation function and gives a feature code which describes the
operator characteristics. An example of a standard � operator declaration is:
The term S is a special sentinel character which identi�es a generalized overloaded operator
de�nition in the augmented language grammar speci�cation. The number 5 is the logical-or
of the desired operator 
ags, shown in Table I; bits 0 and 2 are set. In this example the rule
for � declares that the operator is generated as a function call which takes a right hand side
operand and that VecSumis the semantic function name. Equation 1 when compiled using the
augmented C grammar as shown in Figure 6 generates the C statement:

sum = VecSum( vector ) ;

If the semantics of the new operator apply to di�erent operand types, then function over-
loading is used to select di�erent functions to execute based upon the function signature. The
operator interpretation functions are maintained in an operator Interface Library, as shown in
Figure 2.

Bit Meaning
0 Operator has right hand side operand
1 Operator has left hand side operand
2 Generate function call parameter list
3 Encode function parameters as strings
4 Generate right hand side pointer reference
5 Generate left hand side pointer reference

Table I. Operator Semantic Flags

Our implementation also uses a limited set of 
ags, of the form S name, to control the
preprocessor code generation. For example, if the operator can accept modi�er terms (as in
Equation 2), then we use aModifier 
ag to instruct the code generation phase to include the
marked symbolic terms as modi�ers to an overloaded operator function. We show the grammar
extensions necessary to de�ne the modi�ed � operator and subscripted index operator in Fig-
ure 6. Grammar extensions are introduced for theindex-operator , operator-modifier and
operator-modifier-list productions. Note that Figure 6 shows simpli�ed modi�er tokens;
in practice these would be general language expressions.

Our current implementation does not decode the operator graphic symbol to isolatemodi�er
glyphs. Instead, we assume that modi�ers follow the operator graphic symbolin a bracketed
list. Similarly, we do not yet interpret graphical subscripts; therefore, the index operator is
speci�ed using braces, where the right brace is trivially overloaded to be replaced by the null
character. All new operator symbols are character strings built from the existing language
character set or from new symbols introduced into the language alphabet. Our currentimple-
mentation reserves the 7-bit ASCII code set for the standard language alphabet. Newoperator
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Expression Section.
translation-unit:

vector-expression
vector-expression:

sigma-operator subscript-expression
subscript-expression:

vector-token index-operator opt
sigma-operator:

� S 5 VecSum operator-modifier opt
index-operator:

f S 7 Index index-token g S 0
operator-modifier: S Modifier

( modifier-token S ModifierTerm operator-modifier-list opt )
operator-modifier-list:

, modifier-token S ModifierTerm operator-modifier-list opt
vector-token:

vector
index-token:

i
modifier-token:

i=0
n-1

Figure 6. Simpli�ed Vector Grammar

symbols are allocated in the upper 128 positions of the extended ASCII characterset. Thus,
in our current implementation the programmer who wished to write Equation 2 would instead
write the following:

sum = � [ i=0, n-1 ] vector f ig ;

This is translated by the preprocessor to the C language statement:

sum = VecSum( index(vector,i), i=0, n-1 ) ;

Figure 7 shows the derivation tree for the modi�ed summation expression. Some node names
have been abbreviated for display. Observe that the right associative � operator symbol as-
sociates with the symbolic value of thesubscript-expression as its operand because this is
the �rst node to the right of the operator symbol which is not 
agged as a Modifier term.

Language Preprocessor

The language preprocessor is a one-pass, three step compilation process as shown in Figure 8.
The preprocessor is responsible for recognizing all forms of expressions within the augmented
language and converting all programmer de�ned expression operators into their corresponding
overloaded function calls.

The grammar input module reads the symbolic grammar speci�cation for the source lan-
guage. The grammar rules are parsed and an internal linked list structure is created to represent
the language speci�cation. A list of permissible tokens known as the �rst set9 is created for
each nonterminal grammar term. This set lists all tokens which can possibly occur in any sen-
tence generated using the nonterminal grammar production rule. This set is used to expedite
the language parse.
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Figure 8. Language Preprocessor
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The language parse is a top-down recursive descent parser. A lexical analyzer returns to-
kens delimited by white space or non-alphanumeric characters. The recursive descent parser
identi�es feasible grammar production rules for the current input token based on the �rst set.
No token lookahead is performed. The �rst production rule matched for a grammar term is
accepted as an appropriate parse of the current input string. For example, to deal withthe am-
biguity of the if/else binding problem, our parser requires that the if test then statement
else statement production rule be tested �rst, before the if test then statement rule.

If no rules match then a parse error exists. Parsing recovers at the next appropriate recovery
point which is de�ned as either the end of a language statement or a translation unit.

Expressions are generated from the program sentence structure. The path through the parse
tree is maintained as grammar terms are successfully parsed. Each path node isassigned a
level based on the recursive descent position within the parse tree. This level is usedduring
code generation to isolate expression terms associated with language operators.

Figure 9 shows various C language overloaded operator expressions, each with their trans-
lated form, assuming standard operator precedence and associativity.

Operator Expression C Translation
� S 7 Divide x = ( a + b) � c; x = Divide ((a + b); c);
� S 0 / x = ( a + b) � c; x = ( a + b)=c;
� S 5 VecSum x = � V=n; x = V ecSum(V)=n;
+ S 7 Sum x = a + b+ c; x = Sum(Sum(a; b); c);
! S 6 Factorial x = y ! + z; x = F actorial (y) + z;
:= S 7 Assign x := y + z; Assign(x; y + z);

Figure 9. Expression Examples

Operator Interface Library

The operator interface library contains the application program interface for the program
language extensions. It represents the mapping of the problem notation to the problem imple-
mentation. Figure 10 illustrates a C++ library implementation suitable f or evaluating integer
vector sum functions as used in Equation 1 and Equation 2.

RESULTS

Four di�erent applications of generalized operator overloading are described below. In all cases
we introduce new operators to the C language, with the use of C++, for convenience only, for
�nal compilation. An 8 bit extended ASCII character font is used to encode the new operator
symbols introduced into the language.

Example 1: An Improved C

This simple example rede�nes many of the standard C operators to alleviate some of the more
common programming errors within the language. In this case, each new operatorsymbol is
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// A Vector Sum Function with Modifiers accepting a vector array name
int VecSum(int *vector, int start, int end)
{

int i, sum = 0 ;
for (i = start; i <= end; i++) sum += *vector++ ;
return (sum) ;

}

// A Vector Sum Function without Modifiers accepting a vector array name
int VecSum(int *vector)
{

int i, sum = 0;
for (i = 0; i < 10; i++) sum += *vector++ ;
return (sum) ;

}

// An alias Function which returns a reference to the array
int* Index(int * vector, int i)
{ return vector ; }

Figure 10. Operator Interface Library Example

implemented as a basic text substitution and does not require an associated operator inter-
face library for expression evaluation. We rede�ne the standard assignment operator, equality
operator, and logical operators as shown in Table II, and provide an example program coded
with the new operators as shown in Figure 11.

Standard Rede�ned Operator Grammar
C Operator Symbol Purpose Speci�cation

=  Assignment  S 0 =
== = Equality Comparison = S 0 ==
& ~̂ Bitwise AND ~̂ S 0 &
j ~_ Bitwise OR ~_ S 0 j

&& ^ Logical AND ^ S 0 &&
k _ Logical OR _ S 0 k

Table II. C Operator Rede�nition

Example 2: APL Functions in C

This example introduces APL vector operators to the C language. Operators for vector cre-
ation, reversal, summation, and patterns are shown in Table III. We use theseoperators as
shown in Figure 12 to demonstrate a logical derivation of the statement

P n
i =1 i = n (n +1)

2 .
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Extended Source Code Preprocessor Output Code

void main() void main()
f f

int a, b, c; int a, b ,c;
a  b  c; a = b = c;
if ((a=b) ^ (b=c) _ (a=c)) if ((a==b) && (b==c) k (a==c))

c  a ~̂ b ~_ c; c = a & b j c;
g g

Figure 11. New C Operators

Symbol Name Use Function Description
� integer �n Create a vector of the �rst n integers

+/ sum reduction +/ v Sums of the elements of a vector
� reversal � v Reverses the elements of a vector
� pattern n�m Creates a vector of n patterns of m
� division x � y Division function
� times x � y Product function

Table III. APL Operator Symbols

The grammar extensions introduced to the C language are shown below. Each of the new
symbols are classi�ed as to their operator characteristics and added to the appropriate operator
section of the language grammar �le.

unary-operator: multiplicative-operator: additive-operator:
+/ S 5 VecSum � S 7 Divide + S 7 Sum
� S 5 CreateVec � S 7 Multiply
� S 5 ReverseVec � S 7 PatternVec
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Extended Source Code Preprocessor Output Code

void main() void main()
f f

int N = 5; int N = 5;
cout << +/ �N; cout << VecSum(CreateVec(N));
cout << +/� �N; cout << VecSum(ReverseVec(CreateVec(N)));
cout << ((+/ �N)+(+/� �N)) � 2; cout << Divide((Sum((VecSum(CreateVec(N))),

(VecSum(ReverseVec(CreateVec(N)))))),2);
cout << (+/(( �N)+(� �N))) � 2; cout << Divide((VecSum((Sum((CreateVec(N)),

(ReverseVec(CreateVec(N))))))),2);
cout << (+/((N+1) � N)) � 2; cout <<

Divide((VecSum((PatternVec((Sum(N,1)),N)))),2);
cout << ((N+1) � N) � 2; cout << Divide((Multiply((Sum(N,1)),N)),2);

g g

Figure 12. APL Operators in C

Example 3: The Poetry of C

This example uses generalized operator overloading to compile and execute a few lines of
poetry16. Programming in prose is a curious application of the technique presented in this
paper, perhaps conducive to an artistic measure of program quality. Figure 13shows the
source poem, followed by the preprocessor output code.

Every word (except true) in the poem is a member of a ranked operator alphabet. The
numeric wordsOne, Two, Three, Seven, Eight, Nine, Ten,and Ninety are all constants of rank
0. Their semantic interpretation is their numeric value. The words Hundred and Thousandare
post�x operators of rank 1. They apply to the preceding term, and their semantic interpretation
is to multiply the term by the appropriate power of 10. The words add, and, multiply, divide,
diminish, and subtract are all symbols of equal precedence, of rank 2. These functions perform
the mathematics. The words By and the symbol : are constants of rank 0 whose values are
the symbols ( and ) respectively. These words are used in the grammar to de�ne the syntax
of an expression group. The wordmust is overloaded as an assignment operator of the form
a ! b; this assigns the result of the poem to the variabletrue. All other words in the poem
are constants of rank 0 whose semantic interpretation is the null string.

The word and is used in this poem in two di�erent contexts, one as an arithmetic operator,
and the other as a phrase conjunction. A context free grammar cannot determine the di�erence;
therefore, we distinguish between the two uses of the word by encoding the conjunction form
as the concatenation of two unique tokens; thea which is a special character di�erent from
the usual charactera, and the pair nd.

The result of compiling the poem is a valid expression in C. Execution of this poem suggests
that the exact and perfect answer is 3.

Example 4: Tautology Veri�cation using Finite Induction

Our last example introduces new logic operator symbols into the C language which we use
to write a simple tautology veri�cation program using standard logic not ation. We de�ne the
new logic operator implementation functions with compiler #define directives.
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Source Poem Code Preprocessor Output Code

include <stdio.h> include <stdio.h>
include "poetry.h" include "poetry.h"

void main() void main()
f f

int true; int true ;

Taking Three as the subject to reason about Assign(Subtract(Divide(
A convenient number to state Multiply(Sum(Sum(3,7),10),

We add Seven, and Ten, and then multiply out (Subtract(Exp3(1),8))),
By One Thousand diminished by Eight: (Sum(Sum(Exp2(9),90),2))),

17),&true) ;
The result we proceed to divide, as you see,

By Nine Hundred and Ninety and Two: printf("The exact and perfect
Then subtract Seventeen, and the answer must be answer is %d",true);

Exactly and perfectly true ; g

printf("The exact and perfect answer is %d",true);
g

(a) Poetry Program

nonsense-word: number-word:
Taking S 0 One S 0 1
as S 0 Two S 0 2
then S 0 ... Three S 0 3 ...

primary-expression:
nonsense-list opt number-word , S 0

nonsense-list opt
nonsense-list opt number-word

nonsense-list opt
nonsense-list opt primary-expression2

nonsense-list opt
primary-expression2:

( expression )
By S 0( expression : S 0)
number-word
identifier ...

nonsense-list:
nonsense-word , S 0 nonsense-list opt
nonsense-word nonsense-list opt

assignment-expression:
unary-expression assign-operator

assignment-expression
conditional-expression assign-operator

poetry-assignment
conditional-expression

poetry-assignment:
nonsense-list opt identifier

(b) Grammar Extensions

assign-operator:
must S 23 Assign,&
=
*= ...

postfix-operator:
Hundred S 6 Exp2
Thousand S 6 Exp3
++
-- ...

additive-operator:
multiply S 7 Multiply
divide S 7 Divide
add S 7 Sum
and S 7 Sum
diminished S 7 Subtract
subtract S 7 Subtract
+
-

(c) Operators

Figure 13. A Poetic C Program
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The new logical operator symbols are added into our C language grammar speci�cation as
high precedence operators, inserted between the type cast expression and the multiplicative
expression types, as illustrated in Figure 5. This partitions our new notation into a well-de�ned
set of operations and a�ords control over the operator characteristics without the necessity
of having to use precedence and associativity features as set by the language designers.Our
new logic operators all have equal precedence except for the unary negation operator which
is applied �rst during logic term evaluation. Figure 14 shows the source and preprocessor
generated output code.

DISCUSSION

Operator overloading has been criticized as leading to incomprehensible code. The operator
overloading of C++ is too restrictive to be of real use in the sense that we apply it. For this
reason, operator overloading in C++ cannot solve a useful problem but rather it is usedto
map a limited language symbol set onto a diverse set of functional requirements speci�c to the
problem.

Languages such as C++ reuse symbols for overloaded operators. Our approach isto use the
symbol of the original problem domain, so our philosophy of operator overloading di�ers from
C++. This, of course, allows us to reuse symbols and include C++ operator overloading as a
subprocess of our approach.

Certainly, the general use of operator overloading can be abused and cause di�culties. We
suggest that our generalized operator overloading be used by chief analysts as a well-de�ned
language extension for a consistent set of problems and not as a technique for introducing
local slang or jargon into the code. We predict that as programming languages evolve and
language alphabets expand to use rich text �les and Unicode character sets, techniques such
as generalized operator overloading will become common practice.

In our view, the goal of generalized operator overloading is to provide a means for program-
mers to con�gure their language to support operations appropriate to the problem theyare
attempting to code. A language facility for de�ning new operators in the language grammar
and implementing the operator semantics is necessary. Our objectives are:

1. New language operators should be of unary, binary, pre�x, and post�x type.
2. Language operators should be portable. Once the semantics of a language operator is

de�ned, it should be usable on any system that supports the host computer language.
3. Writing, testing, and maintaining language operator de�nitions should be no more di�-

cult than writing application code.
4. It should be possible to rede�ne existing language operators and apply operators to

di�erent data types within the language.

Our approach does not depend on a fully comprehensible LL grammar for the source pro-
gramming language. We use a top-down recursive descent parser with backtracking and accept
the �rst successful derivation as the correct derivation in cases where syntactic ambiguities ex-
ist. Our preprocessor tool performs a limited language translation. The language grammar is
simpli�ed because we are predominantly concerned with expression production rules. Prepro-
cessing errors due to language design 
aws do limit the accuracy of the present method but
do not invalidate the overall approach.
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Tautology Source Code Preprocessor Output Code

#include <iostream.h>
#define Conj(A,B) (A && B)
#define Disj(A,B) (A || B)
#define Neg(A) (!A)
#define Impl(A,B) (!A || (A && B))
#define Bicond(A,B) ((A && B) || (!A && !B))

void main() void main()
f f

int counter = 0; .
int P, Q, R, S ; .
do f .

P = (counter & 1) ; cout << Bicond(P,Neg(Neg(P))) ;
Q = (counter & 2) >> 1 ; cout << Bicond((Impl(Neg(P),P)),P) ;
R = (counter & 4) >> 2 ; cout << Bicond(
S = (counter & 8) >> 3 ; (Conj((Impl(P,Q)),(Impl(R,S)))),

(Disj((Conj(Neg(P),Neg(R))),
cout << P $ ~~P ; Disj((Conj(Neg(P),S)),
cout << (~P ! P) $ P ; Disj((Conj(Q,Neg(R))),
cout << ((P ! Q) ^ (R ! S)) Conj(Q,S))))))) ;

$ ((~P ^ ~R) _ (~P ^ S) _ .
(Q ^ ~R) _ (Q ^ S)) ; .

g while (++counter < 16) ; .
g g

(a) Tautology Veri�cation Program

multiplicative-expression:
fopl-expression multiplicative-expression2 opt

multiplicative-expression2:
multiplicative-operator cast-expression

multiplicative-expression2 opt

fopl-expression:
fopl-term fopl-expression2 opt

fopl-expression2:
fopl-operator fopl-expression fopl-expression2 opt

fopl-term:
negation-operator fopl-term
cast-expression

cast-expression:
( type-name ) cast-expression
unary-expression

(b) Grammar Extensions

fopl-operator:
 S 7 Impl
^ S 7 Conj
_ S 7 Disj
$ S 7 Bicond

negation-operator:
~ S 5 Neg

(c) Operators

Figure 14. A Tautology Example
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Conclusions

In this paper we have provided a method for implementing problem-based notation within a
programming language. Our method for extending a language grammar uses operator over-
loading as a technique to e�ectively map functions to new language operator symbols. This
technique is shown to be feasible for the case where the language is de�ned through a context
free grammar.

The utility of adapting a programming language, as we propose, is based upon theidea
that real object services represent a problem-speci�c algebra that can be implemented directly
within the language speci�cation. The programming task is simpli�ed by providi ng, in the
programming language, a problem speci�c notation which is syntactically consistent with ex-
isting language operators. This idea can also be applied to existing languageoperator syntax
and semantics to correct some perceived programming language de�ciencies.

Our experience with this method has shown that it is an e�ective means for modifying
the language structure, providing that unambiguous operator symbols are used. When new
operators are created from existing operator symbols, ambiguous code generation can occur.
We resolve this by using an extended character set for our problem notation rather than by
representing symbols through various key combinations from a standard limited keyboard.

Generalized operator overloading is predominantly a static syntactic facility for language
extension. Language support for reference variables was found to be a necessary condition
for the synonymous treatment of identi�er values and function values as function operands.
However, where references exist, any dynamic creation of objects within the problem domain
can introduce the execution time di�culty of choosing the proper operator implement ation
function for the dynamic object. Additional work is necessary to describe methods for dynamic
selection of operator functions for those cases where static determination is not possible.

The use of a modi�ed language grammar eliminates many of the operator overloading re-
strictions in the C++ language associated with operator de�nition, precedence, associativity,
and meaning.

The results of our work con�rm that language de�nitions can be adapted to �t the problem
notation. Our model uses a programmable grammar for expression and operator syntax, where
the operator semantics are implemented through object services or functions de�ned forthe
problem. Operator overloading is not new, but the idea of using it to implement an improved
problem notation is new.

REFERENCES

1. A. Snyder, `Encapsulation and inheritance in object oriented program ming languages', Commu-
nications of the ACM (1986).

2. K. E. Iverson, `Notation as a tool of thought', Communications of the ACM , 23, 444{465 (1979).
3. T. Korson and J. D. McGregor, `Understanding object-oriented: A uni fying paradigm', Commu-

nications of the ACM , 33 (1990).
4. L. Cordelli and P. Wegner, `On understanding types, data abstracti on, and polymorphism', Com-

puting Surveys, 17 (1985).
5. B. Stroustrup, The C++ Programming Language , Addison Wesely, 2nd edition, 1991.
6. C. N. Fisher and R. J. LeBlanc Jr., Crafting a Compiler , Benjamin Cummings, 1988.
7. P. Coad and E. Yourdon, Object-Oriented Design, Prentice Hall, Inc., 1991.
8. M. A. Harrison, Introduction to Formal Language Theory , Addison Wesley, 1978.
9. A. I. Holub, Compiler Design in C , Prentice Hall Inc., Englewood Cli�s, New Jersey, 1990.



20 WILLIAM S. MILES

10. D. B. McIntyre, `Language as an intellectual tool: From hieroglyphics t o APL', IBM Systems
Journal , 30 (1991).

11. K. E. Iverson, A Programming Language, John Wiley and Sons, New York, 1962.
12. B. Lorha, Methods and Tools for Compiler Construction , Cambridge University Press, 1984.
13. F. Cajori, A History of Mathematical Notation , Open Court Publishing Co., 1928.
14. W. S. Miles, `Operator overloading in C', Master's Thesis, University of New Brunswick, 1995.
15. B. Meyer, Object Oriented Software Construction , Prentice Hall, 1988.
16. C. Dodgson. The Hunting of the Snark.
17. A. Koenig and B. Stroustrup, `Foundations for native C++ styles', Software Practice and Expe-

rience, 25(S4), S4/45{S4/86 (1995).
18. C. J. Van Wyk, `Arithmetic equality constraints as C++ statements ', Software Practice and

Experience, 22(6), 467{494 (1992).


