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Introduction 

In this paper, the quality of small programs is dis- 
cussed, the specific accent being on how more meaning 
can be put in a program by using expressions with en- 
hanced semantics. After some general considerations 
on expression orientedness, we make several proposals 
whose aim is to provide better structuring and higher 
informativity of program text. The proposals are not 
related to any particular language; rather, they can be 
applied to the design of a proper expression mechanism 
for a wide scope of languages. 

Earlier [Ban94], we proposed a set of control state- 
ments that, incorporated in a simple infinite loop con- 
struct, enable immediate and highly adequate specifica- 
tion of a wide range of typical looping patterns, includ- 
ing some that are not supported by any of the existing 
programming languages. 

The control statements mentioned and the following 
considerations both lay in the direction of a major ef- 
fort that we have undertaken: studying various issues 
of explicitness in programming languages and providing 
tools for enabling explicit expression of the properties 
and interrelations that program objects have. Thus, in 
general, we are concerned with the possibilities to im- 
prove the quality of small programs text through direct, 
explicit specification, in each particular program, of as 
many facts about it as possible and appropriate. 

It should be noted that the problem of adequate pro- 
gram expression has been addressed by many authors, 
from different viewpoints and with varying generality. 
Loops are maybe the most frequently discussed con- 
structs, but there are also many other specific topics. 

Although the appropriateness of a number of constructs, 
e.g. simultaneous assignment, exchanging assignment 
and n-and-a-half loop, has been repeatedly demonstrat- 
ed [Knu74, Flo79, ShnS0, SBE83], these constructs are, 
regretably, seldomly found in the presently available lan- 
guages. 

In the following, after discussing specific language 
topics, we formulate a few general principles, to justify 
the proposed constructs, as well as to guide the search 
for other solutions (and also to identify problems!) in 
the domain of small programs quality. 

Expression orientedness 

Since we are going to talk about expressions, we shall 
start with outlining some of the merits that the so 
called expression-oriented languages have in common. 
(By 'expression-oriented' we mean those imperative lan- 
guages that treat as expressions some of the constructs, 
traditionally viewed as statements: BLISS, ALGOL aS, 
ICON, etc.; we do not mean functional languages, which 
are sometimes also included in the term.) We consider 
such languages to be particularly successful in provid- 
ing means to program clear, concise, explicitly specified 
computations. 

By allowing statements to produce values it becomes 
possible to choose between different variants of speci- 
fying the same computation. The simple example of 
a serial assignment a:=b: . . . .  :=c, compared to the 
equivalent series of distinct assigning statements not on- 
ly saves unnecessary replication of names, but makes 
more clear that giving the same value to a number of 
variables is intended as an essential property of the al- 
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gorithm and is not accidental. 
Another, rather similar example is x :=y+(z:=S*w),  

which reflects the meaning of the phrase 'x is the sum 
of y and z, the last variable having the value of S*w'. 
Again, unnecessary replication of a name is saved and, 
more importantly, a reader of the program is favoured 
by being able to see the connection between the two 
assignments directly, and not through correlating two 
distinct sentences that  have a name (z) in common. It is 
notable how this compound expression resembles the use 
of subordinate clause in a natural  language--~o avoid 
duplication and to express subordination. 

On the other hand, the more symmetr ic  expression 
z:=5*w; x:=y+z may be prefered when there is no sub- 
ordination between the sentences and/or  the variables 
and they are equally important  in the program. What  
we get from a language with expression orientedness 
is the possibility to choose, in each specific context, 
whichever style of writing is more appropriate.  

A very common pattern of utilizing expression orient- 
edness is 

a := if ... then ... else ... 

Some languages allow also to write things like 

(if ... then a else b) := ... 

The potential usefulness of the above two is analogous 

to that  demonstrated by the previous examples. 

The above examples are of course very simple but  in 
our opinion they do illustrate the point. In general, 
expression orientedness allows a programmer  to specify 
different kinds of relationships and this is accomplished 
with conciseness. It  is often possible to avoid not only 
replication, as already mentioned, but also artificial in- 
troduction of variables (consider e.g. a block statement 
whose value is immediately used in the enclosing con- 
text: if the block was not able to produce a value itself, 
one might have to save tha t  value in a variable within 
the block before using it). 

It  is important  to clearly understand the significance 
of side effects in expression-oriented languages. Al- 
though in all the above examples we did no more than 
simply embed assignments, there are many other tech- 
niques to achieve side effects. 

For instance, some languages, such as SNOBOL and 
ICON [GrG90], attr ibute success or failure to each ex- 
pression evaluation: an evaluation either succeeds and 
produces a value, or fails in a controlable manner.  The 
success/failure is uniformly utilized in both mentioned 
languages, so that  the entire sequencing control is even- 
tually built around this feature. ICON's expressions have 
the additional property of being generators, i.e. they can 
be repeatedly evaluated to produce a sequence (even in- 
finite) of values, which is yet another form of having 
side effects. Still further, since succeeding and generat- 
ing can be used in combination with assigning to vari- 
ables, both SNOBOL and ICON achieve through this com- 

bined side-effecting certain mechanisms for backtrack- 
ing. These languages favourably exemplify the welth of 
possibilities for adequate and convenient specification 
of many sorts of computat ions through extensive use of 
expressions with properly selected multiple side effects. 

In general, we regard side-effecting as a powerful 
means for enriching the ability of expressions to model 
computations.  Therefore, later in the text we discuss 
other forms of side-effecting, namely: direct and con- 
ditional assignment operations and conjunctions. The 
usage of tuples which we introduce in one of the follow- 
ing sections, is yet another extension to the traditional 
notion of expression. 

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

Programmers  feel more comfortable and write more 
clear and explicit code when they use a language with 
a rich set of operations, arithmetical and others. How- 
ever, it happens with many languages that  operators 
for some frequently needed operations are not available. 
For instance, there is rarely a good provision of round- 
ing operations, so a programmer has to write expressions 
like (±nt )  (a>=0. ?a+. 5 : a - .  5) in C to obtain a 'round 
to the nearest integer' operation. A C programmer,  if it 
comes to this particular language, can make a macrodef- 

in i t ion for the operation and thus at least is able to use a 
meaningful name for it, but most languages do not have 
a macroprocessor. Expressions like the above one are 
awkwardly readable, hence poorly convey the meaning, 
and often are error prone. 

Furthermore, one may actually need several round- 
ing operations (for floor, ceiling, etc.) and, moreover, 
such operations should be designed in a semantical and 
syntactical consistence with the integer division and the 
remainder operations. For example, it is confusing to 
use a mix of linguistic forms, such as operators, func- 
tions and coercions, for expressing these closely related 
operations, but this is the case with many languages. 

LISP [Ste90] is one of the very few languages that  have 
a consistently designed set of such operations (which 
is curious, since the field of numerical computations 
is not considered to be the main usage of the lan- 
guage). As a counter-example, ADA provides two kinds 
of remainders--rein and mod--but  only one integer divi- 
sion. 

The APL language [Ive87] is well known for having 
a rich set of arithmetic operations with proved conve- 
nience. Equally important  is that the set of operations 
is systematically designed, in the sense that  each bina- 
ry operator is paired with a unary one, so that  the two 
have related meanings. 

It  is really strange that  no other known programming 
language has borrowed this property from APL. Indeed, 
the usage of the minus (-) sign to denote both subtrac- 
tion and negation operations suggests that  * be used for 
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each of the multiplication and the signum operations, / 
- - for  division and reciprocal value, the modulo operator 
should be paired with giving a fractional part,  etc. 

Other examples of frequently needed but seldomly 
provided operations are the already mentioned exchange 
and simultaneous assignments. Clearly, statements like 
t=x; x=y; y=t and tl=x+y+z; t2=x+y-z; z=x-y-z; 
x=t l  ; y=t2, used for imitating the former and the lat- 
ter, respectively, are too verbose, poorly recognizable, 
error prone, and require that  ad hoc variables be in- 
troduced without relevance with the essence of the pro- 
gram (a greater number of simultaneously assigned val- 
ues would require more ad hoc variables). 

Exchange operations can be specified through simul- 
taneous assignments, as in x , y : = y , x ,  but it is better to 
have both and to use each one when appropriate. 

It should also be noted that  using special characters 
or character combinations for the operators is prefer- 
able to using keywords, since the former are visually 
more distinguishable than the latter, though otherwise 
there is no difference. For example, and in accordance 
with the above stated principle of pairing of operations, 
we may adopt the usage o f / \  for a maximum and an 
absolute value , /<  a n d / >  for the floor/ceiling integer di- 
vision operations and also for the corresponding modes 
of rounding of a single number, ~< and ~,> for the 'floor' 
and the 'ceiling' remainders and also for the correspond- 
ing fractional parts of a number, etc. 

A s s i g n i n g  o p e r a t o r s  

Assigning operators (aka compound assignments) are 
widely known from their intensive utilization in C, al- 
though they originate from ALGOL 68 and even, to some 
extent, from COBOL. Many languages of more recent 
popularity, e.g. ICON, also use such operators. 

In C, say, one usually writes a+=b instead of its for- 
mally equivalent a=a+b , similar notation being pro- 
vided for most of the two-argument operations in the 
language. Such a notation is advantageous in saying 
precisely ' ineremeni a with the value of b',  instead of 
the less natural 'put the sum of a and b into a'. Besides, 
and not less importantly, the name of the variable that  
is being assigned to is written exactly once, and hence 
the whole operation is irredundantly specified, which 
decreases the chances for a misprint (consider similarly 
looking names of a dozen of characters each). 

Unfortunately, in C, it is not possible to attach assign- 
ment to any two-argument operation, but only to some 
predefined ones; nor it is possible to combine assignment 
with an one-argument operator (the latter is also true 
for all other languages that have assigning operators). 
Thus, a programmer must write a=-a  , a = ! a  etc., 
which is irritatingly inconsistent with the above exam- 
ple for the addition operator. 

On the other hand, C also provides the two unary 

operators - -  and ++, which are especially designed as 
an assigning decrement and an increment by 1, respec- 
tively. These two operators have the additional unique 
property that each of them allows both prefix and post- 
fix notation with respect to its argument, resulting in 
modifying a value of a variable before or after the latter 
is used in an expression. 

Our conclusion from the above considerations is that 
assigning operations, though useful in principle, exhibit 
unnecessary limitations in the form that  they exist in 
the available languages. 

Consequently, we propose here a generalization of the 
described assigning mechanisms, so that any operator in 
a language can take the form of an assigning operator, 
and, in turn, any assigning operator can cause a pre- or 
a post- mode of operation in the same way the - -  and ++ 
operators do in C. In other words, the assigning prop- 
erty becomes completely orthogonal to the operators to 
which it is attached, and also orthogonal is the property 
of pre-/post- operating to the assigning operator itself. 

Another generalization in the treatment of the assign- 
ing operations is that  here they are all capable of produc- 
ing l-values, i.e. objects that  can be assigned to, which 
also has some useful consequences, as will be seen from 
the examples below. 

In addition, the pre-/post-  mode of operation does 
not imply that  an operator is written in a prefix or a 
postfix form, respectively. Actually, all 'unary operators 
should be written uniformly as prefixes, thus obtaining 
consistency, as we are accustomed to with the binary 
operators, commonly written in an infix form with re- 
spect to their operands. By using prefix syntax for all 
unary operators, there is no need of precedence rules, 
and cases like the notorious *p++ in C, where such rules 
are employed to determine which operation goes first, 
are automatically excluded. 

In the following examples we use the : sign to denote 
the transformation of an operator to an assigning one. 
We write the : before/after  the sign of the operator 
proper when we want to achieve a pre-/post- operation, 
correspondingly. 

Thus, the above mentioned C operation can be spec- 
ified as either a :+b  or a+:b, but these two expressions 
are evaluated differently: the first one has the new val- 
ue of a, while the second has the former value of this 
variable. For the unary operators, 

: -x and - : x 

both are roughly equivalent to x=-x in C, but 

r = : -x  and r = - : x  

mean, in C, r=x=-x and r=x, x=-x , respectively. 
The expression 

a : *  5 : +  b 

can be translated in C, more verbosely, as a*=5, a+=b. 

Note by the above example, that  every assigning op- 
erator produces an expression, with which a variable is 

79 



associa¢ed, so that such expressions can be nested and 
then the assignment refers to the corresponding associ- 
ated variable. Each expression with associated variable 
can be used in any context where a simple variable is ex- 
pected. We call such expressions l-expressions, keeping 
the C tradition. 

The set of the l-expressions is a subset of that  of all 
the expressions. L-expressions can be as complex as the 
ordinary ones. 

The pure assignment operator (=) can also be mod- 
ified by means of the : notation, thus obtaining ex- 
pressions of the form a:=x+y and a=:x+y. The two 
expressions do the same assignment as a=x+y would, 
but they differ, by the value of a, when used as operands 
within another expression. 

Exchanging assignment can be simulated by either of 
the expressions (= being right-associative) 

b = a =: b and a = b =: a 

though both are somewhat verbose and asymmetrical.  
The final example 

t :+ (s  =: t )  

is an expression that  copies the value of t into s and 
adds the former value of s to that  ot t .  The value of 
t is produced as a result. Thus, repeated evaluation 
makes this expression suitable as a Fibonacci-sequence 
generator, provided that  the two variables are properly 
initialized. 

C o n d i t i o n a l  a s s i g n m e n t  o p e r a t o r s  

By conditional assignment we mean one that  takes 
place only when a certain condition is fulfilled. The 
condition value itself depends on the value of the vari- 
able being assigned to either the initial one, or the val- 
ue, potentially acquired through the assignment. This 
is a natural and useful extension to the above defined 
assigning operators, once more exemplifying a form of 
factoring out multiple references to variables. 

By their form, the conditional assignments are built 
on the basis of the assigning operators, retaining their 
uniformity over the whole set of operations, their pre- 
/post-  operating modes, and the production of 1-objects. 
Actually, the syntax for the conditional assignments is 
the same as that  of the assigning operators, except that  
instead of : we put a question mark  (?). Conditions 
that control the assignments are obtained through uti- 
lizing the t reatment  of ari thmetic values as Booleans, 
such as in C and other languages, so that  a conditional 
~s ignment  actually takes place only when the outer- 
most enclosing expression has a non-zero value. 

The expression 

a ?+ ± < 80 

augments the value of a by i ,  if the thus augmented val- 
ue would be less than 80, which can be roughly trans- 
lated into i f  (a+±<80) a+=±; in C, but the latter is 

a statement,  while the former is an expression. Be- 
sides, the expression is preferrable because it specifies 
the summat ion  of a and ± only once. The following ex- 
pressions illustrate similar properties of the conditional 
assignment notation: 

decrements ± by 1, if ± has a non-zero value before that.  

?--9. 

decrements i by 1, if i - 1  is currently a non-zero, i.e. if 
± is not 1. 

Note by the above two examples that  the expression 
- - i  does not, by itself, decrement the value of i ,  as it 
would do in C, but simply produces the value of i -1 .  
In order to have effect on i ,  the operator - -  must be 
converted either to an assigning one-- through the use 
of : - - o r  to a conditional ass ignment- -by means of ?. 

The next example assigns b to a, if a was a zero (" 
being the negation, as in C): 

- ( a  =? b )  

The expression 

a ? = b  

does the same assignment, but  when b is a non-zero, i.e. 
when a would become a non-zero, whatever it is by the 
current moment .  

The double conditional 

a =? b =? a 

exchanges a and b if a is currently a non-zero. Note that  
this is achieved through delaying both assignments until 
the whole expression is evaluated and so the condition 
gets checked, and it is the ini~ialvalue of a that  is taken 
as the value of the expression. However, if the check 
is successful, and thus assignments done, the expression 
is evaluated to the newly acquired value of a, i.e. the 
former value of b. 

Note also that  we might have expressed the same as 
above in yet another form: 

b ?= a =? b 

and we may adopt any of the forms as an idiom, if we 
need to. 

Needless to say, the usage of assigning operators and 
conditional assignment operators must  be accompanied 
in each specific case by sound judgement as to whether 
it is appropriate or not, for it is easy to clutter-up an 
expression to the extent that  it becomes uncomprehen- 
sible. Contrary to the 'functional-style purism',  we con- 
sider side effects to be useful, but, as with any oth- 
er thing in the world, good style can only be achieved 
through moderation. 

T u p l e s  

Some languages, such as CLU and LISP, allow a func- 
tion to return multiple values: this is practical in some 



situations, e.g. for receiving the quotient and the re- 
mainder from an integer division with the same call op- 
eration. In these languages, in order to return multiple 
values, a function has to be appropriately designed. A 
multiple-value result can either be obtained as a whole 
by simultaneous assignment statement,  or some of the 
returned values can be selectively received, as in LISP, 
according to what is expected from the specific call op- 
eration. 

Other languages, mostly functional (cf. e.g. ML 
[MTH90]) use typified tuples as a specific kind of val- 
ues. Such a tuple can be assigned to a single variable, 
or it can be decomposed through simultaneous assign- 
ment of its elements. Since a tuple's element can itself 
be tuple-valued, decomposition can be hierarchical and 
as complex as needed. 

We propose here a notion of a tuple, which differs 
from the above mentioned in that  tuples are not values 
but syntactic forms for combining values, operations or 
other items in the program. It  is presumed that  tuples 
should be used where we want to emphasize that  certain 
entities of a kind are related to each other by their mean- 
ing in the program. This is a restriction, in one sense, 
and a generalization, in another, to what is known as 
tuples from ML etc. languages. 

The next several examples will illustrate the proposed 
usage of tuples. In each of them tuples are denoted with 
brackets. The expression 

[a ,  b ,  ¢] = [b,  c ,  a] 

does simultaneous assignment, in this particular case--a  
cyclic shift of values among three variables. 

[q, r ]  = a [ /  , 7,] b 

finds a quotient and a remainder by an integer division 
of a to b and assigns the two results to q and r ,  respec- 
tively. 

Ix, y, z] = if (...) [el, e2, e3] 
else Is4, e5, s6] 

assigns either the first, or the second value tuple to 
[x, y ,  z] ,  according to some condition. 

~ [ ( . . . ) , ( . . . )  . . . .  ] 

is a function call with several sets of arguments grouped 
within an argument tuple. This implies that  as many 
actual simultaneous calls will be made (each being the 
usual function call, with its own set of arguments) as the 
length of the tuple is. If the function is single-valued, 
then the call will return a value tuple with the length of 
the argument tuple. If  f itself returns a tuple of values, 
then the same call will produce, as a result, a tuple of 
appropriately nested tuples. 

[ f ,  g,  h] (5,"qwe") 

is a simultaneous call to three functions, each one ex- 
pecting an integer and a string as its parameters. 5 
and "qwe" are sent to each of f ,  g and h. The result 

is a tripple, consisting of single values, or of tuptes, or 
mixed--whatever  is returned by each of the functions. 

Actually, tuples can be nested to any desired level, 
and the above examples must have shown that  in each 
case completely static checking can be performed on the 
conformance of lengths and of the types of tuple ele- 
ments. Note again, however, that  these tuples are not 
values, but merely means for putt ing the values of sever- 
al expressions together, or for making the single-valued 
operators or functions return sets of values. It  is not 
possible to name a tuple, to assign a tuple to a variable, 
or to send it as an argument to a procedure. 

Once adopting this usage of tuples, it seems reason- 
able to add a 'reduction' operator, in order to be able 
to shrink a value tuple to a single value by repeated- 
ly applying a binary operator on each two consequtive 
elements of the tuple. This is what is provided with 
more generality e.g. in APL; here we mean only explic- 
itly specified tuples with fixed length. 

By taking the at (©) sign to denote reduction, we can 
write, for instance 

+© [x,  y, l ,  f ( a ) ]  

for finding the sum of all elements of a tuple, or (employ- 
ing a previously mentioned denotation for a 'maximal of 
two numbers '  operation), 

/\@ [p, q, r] 

for finding the maximum over all elements of a tuple. 

To end the discussion on tuples, it is clear that we 
could well do without tuples at all but, used where ap- 
propriate, they can make the text of a program less 
verbose and more readable, and the interrelationships 
between program objects more explicit. For the imple- 
mentor of a language, tuples can be useful in facilitating 
the creation of more efficient code, or in providing the 
possibility for concurrent computations, where the un- 
derlying hardware supports parallelism. 

Conjunctions 
In some languages, certain operators are provided as 

means to combine two expressions, thus obtaining a new 
expression whose value is that  of either the first or the 
second of the original expressions. This implies that 
such an operator relates to each other its two operands 
regardless of their values. Since the values are not actu- 
ally used, though it is the value that  is the main product 
from evaluating an expression, we would make a clearer 
distinction between these and the 'normal '  operators by 
using for the former the term conjunctions. 

Example of a conjunction is the comma ( , )  opera- 
tor in C. Indeed, it does nothing with the values of its 
operands but merely promotes the value of the second 
one as the value of the thus formed expression. Other 
examples are the b e f o r e  operator in ML, as well as the 
'left '  (4) and 'r ight '  (~-) operators in APL, the second 
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of which corresponds to C's comma operator (the term 
'conjunction' is also used in APL, but its meaning there 
is rather different and should not be confused with the 
present one [Ive87]). 

In all the mentioned examples, the conjunctions make 
no use not only of the value, but also of any other pos- 
sible effect of an operand's  evaluation except its com- 
pletion. In other cases, a side effect of an expression 
may be significant for the evaluation of a conjunction. 
This can be observed e.g. in ICON, where the ' and '  (~) 
and 'or '  ( I)  operations utilize the success/failure of an 
expression and the second operand is only evaluated in 
accordance with whether the first one has succeeded, 
resp. failed. 

Having thus defined a notion of eonjuctions, we may 
think of introducing them in an expression-oriented lan- 
guage in a more systematic fashion. For example, with 
providing two operators (denoted with, say, , and ; )  
like the mentioned APL's ' left '  and 'right ' ,  respective- 
ly, it is possible to build a sequence of expressions of 
an arbitrary length, whose value is that  of any of the 
constituting expressions. 

A possible use of conjunctions is to separate expres- 
sions with conditional assignment operators, so that  to 
force an expression evaluation to complete, the condition 
to be checked, and eventually all pending assignments 
to take place or to be rejected. 

Finally, we briefly describe some possible conjunctions 
that  we may devise that  are closely related to the terms 
' terminabil i ty '  and 's tat ic '  in the model of computat ion 
that we called 'destructive'  [Ban94]. A terminable (con- 
sumable) s tatement  or expression is one that ,  after it 
is executed or evaluated, may  get ' inactivated' ,  so that  
the next t ime the same s ta tement  or expression is exe- 
cuted, it behaves as a 'no operation' .  In the following 
definitions, both el and e2 stand for expressions: 

el \ ,  e~ -- evaluate el,  then, if el is not termi- 
nated, also evaluate e~; the result is the value of el. 

el \ ;  e~ - -  the same as above, but the result is 
the value of e2. 

el \ \  e2 -- evaluate el,  then, if el is terminated, 
also evaluate e2; the result is the value of either e2 or 
el, according to whether el has been terminated or not. 

The above conjunctions are meant  to be used in repet- 
itive contexts, in part icular-- loops,  together with others 
of the mentioned terminable constructs. 

An Example 
As an illustration of the combined usage of some of 

the proposals for enriching the expression semantics pre- 
sented in this paper, consider a procedure that  imple- 
ments the classic algorithm of Bresenham for rasterizing 
a line segment. First, we give a C code for it: 

void Bresenham_line(int xl, int yi, 
int x2, int y2) 

{int x,y,d,dp,dn,incx,incy,rv,Dx,Dy; 
Dx = abs(x2-xl); Dy = abs(y2-yl); 
if (rv = Dx<Dy) { 

d=xl; x1=yl; yl=d; 
d=x2; x2=y2; y2=d; 
d=Dx; Dx=Dy; Dy=d; 

} 

incx = (xl <= x2) ? I : -I; 
incy= (yl <= y2) ? I : -i; 
dn = 2*Dy; dp = -2*Dx+dn; 
for (x=xl,y=yl,d=-Dx+dn; ;) { 

if (rv) dot(y,x); else dot(x,y); 
if (x == x2) break; 
x += incx; 
if (d > O) 

{y += lacy; d += dp;} 
else d += dn; 

} 
} 

Note that C, by its own virtues, favours clear and con- 
cise expression of this kind of algorithms. We may ob- 
tain, though, a version of even greater compactness, and 
tighter and more explicitly stated interrelation of the 
elements of the procedure, by using the above provid- 
ed means and exploiting a variant of the loop coding 
notation from [Ban94]: 

void Bresenham_line(int xl, yl, x2, y2) 
(int x, y, d, dp, dn, incx, incy, rv,Dx,Dy; 
[Dx,Dy] = /\ ([x2,y2]-[xl,yl]) ; 
if (rv = Dx<Dy) [xl,x2,Dx] <=> [yl,y2,Dy]; 
dR = 2*Dy; dp = -2*Dx+dR; 
[incx,incy]= if ([xl<=x2,y1<=y2]) I else -I; 
loop ( 

once ([x,y] = [xl,yl]; d =-Dx+dR); 
do 

dot (onceif (rv) (y,x) else (x,y)) 
while (x < x2) 

[x,[y,d]] :+ 
[incx, if (d>O) [incy,dp] else [O,dn]]; 

) 
) 

The latter variant of the procedure has a significant- 
ly smaller number of citations of constants and vari- 
able names. The number of arithmetic operators and 
assignments is also reduced through factoring out eom- 
monalities. Even the number of control statements is 
somewhat reduced. One major  reason for achieving this 
effect is replacing the code for value exchange through 
many  assign operations with a single exchange operation 
on tuples, but there are also other improvements which 
can be easily recognized by comparing the two variants 
of the procedure. 

Conciseness by itself does not mean improved quality, 
if it is at the expence of clarity, so our primary moti- 

. v  



vation is not brevity but explicitness of algorithm ex- 
pression. For example, we have chosen to make explicit 
that the three variables x, y and d are all incremented 
in order to prepare for the next loop iteration, and that 
for x this is done unconditionally, while the new value 
of each of y and d depends on the current value of d. 
Note also that not only the call to the procedure dot  () 
in the 

do <statement> while <condition> <statement> 

statement is factored out, but the selection of either 
(x ,y )  or (y ,x )  as the argument tuple of the call is made 
only once for the whole loop. 

C o n c l u s i o n s  

Here we formulate some rules that sum up the above 
considerations. They might help the systematic search 
for another means to enrich expression semantics and, 
more generally and more importantly, to achieve explic- 
itness in programming. 

• Practical adequacy vs. formal sufficiency. It is not a 
good design principle to reduce the constructs in a lan- 
guage to the bare minimum of sufficiency. Neither is, 
of course, the aimless proliferation of different features. 
A language design is successful if it strives to both suc- 
cinctness and richness of expression, guided by what is 
adequate for a variety of practical tasks whose solutions 
are coded in the language. 

• Incorporating steadily emerging instances of 
paradigms. A frequently used pattern of computa- 
tion must be explicitly formulated as a programmer's 
paradigm. If the paradigm is important enough, a syn- 
tactic construct should be either invented or simulated 
to support it. 

• Conceptually related program elements should be 
written so that they belong to, or have in common, a sin- 
gle construct in the program. For example, if a certain 
computation is meant to be a prologue, or an epilogue to 
another one (say, initializing a loop), they should be put 
together in an appropriate construct: a declaration, an 
expression, a statement, etc. This implies that in many 
cases it is reasonable to use side-effected expressions and 
other constructs with 'overloaded' meaning. 

The above discussed assigning operations and condi- 
tional assignment operations exemplify the application 
of this rule. Our concept of tuples was another example 
of the same. 

• Factoring out commonalities. This is a particular 
case of the above principle, quite frequently manifested 
and hence it is formulated on its own. Factoring out 
gives double benefit: a potentially hidden commonality 
is made explicit, and the redundancy due to repeated 
information is eliminated. 

• Introducing non-determinism where appropriate. 
Non-determinism is the proper tool for expressing vari- 
ous kinds of symmetric, i.e. lacking order, relationships. 

Again, the tuple mechanism, besides its other virtues, 
provides non-deterministic expression for related to each 
other computations of similar 'shape'. 

Finally, it must be noted that studying the already ex- 
isting parallels, and attempting to draw such, between 
natural languages and mathematical notation, on the 
one hand, and programming languages, on the other 
hand, can be very helpful in understanding the princi- 
ples of functioning of a programming language, as well 
as in designing new languages. Some important works 
that give more or less extensive treatment of this theme 
are [Nau75], [Ive80], live87] and the already mentioned 
above [Flo79]. It is to be regreted that works like these 
are just a few exceptions in the flow of the literature on 
programming languages. 

This work has been partially supported by contract 
#406 with the Ministry of Education, Science and Tech- 
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