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In computation we often have to evaluate formulae like these

ag+ar+ay+ ... +dp,
Agay+ass ... «@y,
ag+x (ay+x (a2+x (... X (an—yF+xan) ...},
ag+ay (y — xp)+a2 (y —x0) (0 — x1)+ ... Fan (v — x0) (¥ = x1) ... (¥ — Xn1)s

where one operation or a group of operations is applied several times to different
variables.

The general scheme for this class of formulae may have the form

O, x,y,..,z,a b, .., cY=g(xy ..,2,a, b, .., ¢,

. fn+Lx, 0 nz,a b, ., Y=h(n, x,p,....z,a', b, ....c', f(n, x, p, ...,

a,b, ..., ).

where X, y, ..., z are arbitrary numbers and g, b, ..., ¢ are addresses of numbers and
the symbol * denotes operation on addresses such that, if a is @, then a’ is az4.q,
or, in other words, the operation ‘ increases the address by one, with each iteration,
starting with address @g. We may also say that ’ denotes the taking of the value
of the next variable, assuming that the considered set of variables is ordered. Thus,
besides arithmztical operations we allow, in the scheme under discussion, to carry out
the operations on variables which are, of course, not of the same logical type
as the arithmetical operations.

Applying the commonly used symbolism, we may present the above examples as

i. zg = ay, i. zg = ag,

. 2401 = zit+ag; . Zggq == Z¢+X-+ay;

L. zp = da, i. zg = ag,

. Ziyy = ziea4; e 2oy = z¢o(y — x)+a.
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It is noteworthy to point out the dual significance of indices in the above for-
mulae: z; denotes the i-th value of the variable z, and a; denotes the value of the
i-th variable a;. However, in the formula

a; = bi+cy,

all the indices have the same meaning. All variables with indices denote addresses,
It is also possible to interpret univocally all indices in the recursive schames, as
subsequent values of corresponding variables. Thus in this case a; is asstmed to
be the i-th value of the variable a. Starting to organize the computer capable to
operate with recursive formulae containing indices, it is necessary to decide which
interpretation of indices will be most suitable, in order to comply with given require-
ments.

If the number of iterations is given in advance, indices are superfluous, and
we may write, for example,

z=z:(y—x)td,

where x” and @’ are variables taking with each new iteration a new, previously
prescribed, value, and the sign = denotes now the transfer of the final result under
a given address. The substitution of an initial value for z may be written in any
manner. Assuming the parenthesis-free symbolism with “blank spaces”’ (see, e.g. [1]),
the above example will be

Z=gn— px'-zx-xq’,

where zn denotes » times repetition of the formula.

The scheme of the corresponding computer is presented in the Figure. The com-
puter consists of a non-addressable working memory My, partial results memory
My, addressable indexed variables memory M;, arithmemeter 4, control circuit
C, iteration counter J, and final address result register R.

M,
a,
My
C— ¢ 4 A
a
M&

Iteration counter J holds the number of iterations n; the final result is to be placed
in the memory M; according to the address in the register R. Control circuit C
scanes subsequent symbols of the formula in the me mory M;, sets the arithmometer
to the proper operation and selects values of both arguments according to the rule:
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1. If the argument is the initial data, denoted in the formula by a variable without
a dash, take the value from the memory My,

ii. If the argument is the initial data denoted in the formula by a variable with
a dash, take its value from the m>mory M;.

iii. If the argument is a partial result, take the value from the memory M,.

If a scanned variable contains a dash, the control circuit C increases the value
of the indices at this variable by one.

If there are not many variables with indices in the formulae, special counters to
represent the value of the indices may be used, and in the opposite case a spzcial
place in each word in the memory M, to represent the value of an index, may be
applied.

In the case when variables with indices are to be interpreted as subsequent values,
but not addresses, the organization of the machine is similar to the one presented
above with only this difference that, instead of memory M, a non-addressable
memory is used, for example, paper tape.
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