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THE ARITHMETIC TYPES OF EXPRESSIONS.
THE MEANING OF THE ASSIGNMENT STATEMENT.

An attempt at a clarification. - Peter Naur.

Problem: What is kh® to be the meaning of the assignment statement
=L
where V and the identifiers, functions and numbers have been declared to be of
different types?
In more detail the problem is this: on the basis of the type of the consti-
tuents of E it is possible, a priori and from purely mathematical rules, to

determine the possible types of E. The ewgiipditypo

are, however, not
unique, since they may depend on the actual numberszim This is shown in the

following table for the pair of types integer (denoted i) and simple variable

{ denoted s)giW/&W

El [ i \ 3 % \ s g
E2 i s ‘M;_j;_,_%____fl__j\
Elf E2 i i i,s ! i,8
Elx EZ i i,s | d,s | i,s
E’.l/ E, 8,1 | s,1 i | 2,3

The question is now: Reowzshznldxwezyismwxthexassigmmenkzrtatemenkz what meaning

do we attach to the assignment statement when in addition V is type-declared?

First possibility

Type "compression"” is never allowed.

On this philosophy the widest possible type for the expression (which may
of course be determined mechanically fairly simply, at least for the above pair
of types) is compared with the declared type for %hm V. If the widest type of
5 is not "contained" within the type of V the assignment statement is considered
an error. (to be rejected at compilation time).

Second possibility

The transfer function is automatically applied
(Rutishauser 4B 5.10), R

On this philosophy a suitable transfer function, which will reduce the widest
possible type of the expression to the type of‘@ is invaraably applied to the
expression before the assignment, i.e, the expression is interpreted as

V := transfer (E).

Third mpsitk possibility

Type "compression" at users responsibility. Transfer function applied only
if necessary to correct for imperfect arithmetics.

On this philosophy type compression is explicitly allowed in all cases where



-

the expression E is known for mathematical reason to yield a result within the
type of V, while it is an error in all other cases.

From the point of view of translators this is to be understood as follwws:
A translator may be expected to perform an analysis fax of the expression. In
simple cases this analysis may be sufficient to make sure that with the kind

of arithmetics actually performed in the machine and on the assumption that

the implied assertion of the programmer to the effect that the result is in fact

0f the restricted type of V is correct the translator may be able to produce

a program which is (again on the above assumption) correct without applying

any transfer function. In more complicated cases the analysis performed by the

. tl i hs
translator may not be sufficient to give an o er, 5 wkat of the

machine may not be able to yield the ezact answer, and in this case the trans-
fer function may be evoked. *>

It should be noted that thi%&manner ogiggea men%r%%g abe expected to give
the same and correct answer fex if, and only if the express1onx does in fact
yield an answer wikhxthexegrrex which is mathematicggiifg?gthe correct type,
(this is the case when the transfer function only changes the value of the
expression slightly anyway), while expressions which do not do so may give

completely different answers in different translators. (Warning fex against

misuse). R
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Lixample: Program' 1nteger (1, p) begin .. p = 1/3 sesve €RA

First possibility: The expression is an error,
Second possibility: The correct rounding-off is always made.
Third possibility:

a) Crude translator: For simplicity reasons no analysis mamzke is performed
and the rounding is always made applied in order to correct for mazhimmzx
the imperfection of the machine arithmetics.

b) Sophisticated translator for machine with inexact arithmetics#in case of
division: The tpanslator discovers that the expression is abdivision
and inserts the rounding to correct for the known machine characteristic.

c) Sophisticated translator for machine with exact division: The tHanslator
discovers thé%?éydivision is involved and consequently omits tne application
of the kwamzgz rounding function. If erroneously i is iﬁ%ractise not
divisible by 3 this may lead to a completely wrong answer (the fractlonal

part of 1/3 may in the machine appear 18 §zgzgs where the exponent oi
is su ed to b o Hee Lile )
p ppos _9___&3,22,
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Addend;;"hlrd p9381b111ty It is legitimate to let the translator wokb(on the

assumption that the type compression is in fact mathematically correct, even if
it not equiped so as to check this assertion.



