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A certain type of organization for a digital computer specially suited
for automatic programming has been described in the paper [1]. Results
mentioned there can be applied for automatic programming of arithmetical
formulae.

Let L be the language with following primitive symbols: wvariables

(denoted by Latin letters), symbols of dyvadie operations A,,4s , ..., Ay and
the parenthesis ().

The formula @ in L is defined as follows:
i. the variable is the formula in L,

ii. if @ and ¥ are formulae in L, then the expression (@A %) is a
formula in L.
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Let g:(®) denote the i-th symbol of the formula @, and let F (g ()
be the addressing funetion wlnch attaches to each symbul gi (@) the
natural number F (p; (@)).
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Let us adopt the following definition of the function F(e;(d)):
iL Floe(®)=1,

E(F p;(d))/2) if o0j (@)= dsor),
HFlgi 1 (@) ={ 2F (g; (D) ) if gs (D) =1,

2F (g (@) + 1 if o; (@) = A;.

For example, for the formula ((x + (a-y))-(c + d}) the wvalues of the
function Fi{p: (@) are givemn in Table I (see the Figure).

TABLE 1
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It is easy to note that if p;(@) is a symbol of the operation, then the
value of the funetion F(p:(P)) is the address of the resull of the opera-
tion earried out on arguments with addresses 2F and 2F + 1, Thus
a “one-address” instruction may be adopted:

| operation I address
which means: carry out operation given in the operational part of the
command on arguments, with addresses 2n and 2n + 1, and set the result
under address n, where n is the address given in the address part of the
command *).

A programming programme should carry out the following operations:

1. Secan subsequent symbols of the formula and compute the address-
ing funetion F (o () ;

2, If the scanned symbol iz thal of the operation, form an arithmetical
command, the operational part of which is the number of the scanned
symbol, and the address part is the value of function F for the scanned
symbel, and store the formed commaend inte the subsequent memory
register, starting from place p, p > Max Fo:(®));

3. If the scanned symbol is a varigble, form the transler command,
the address part of which is the wvalue of lunectlion F for the scanned
gymbol and store the transfer command in the subgequent location of the
memaory starting from k, where k> p + r—1 and r is a number of vari-
ables in .

4, Order the arithmetical commands in respect to the increasing
address parts of these commands.

*) Such a command will be ecalled a “pseudo-one address” command. Obviously,
it is possible to design a ecomputer working with “pseudo-one-address™ instructions.
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5. Store by means of transfer commands previously formed wvalues
of variables, (It is assumed for the sake of simplicity that the data are in-
troduced in the sequence, in which they occur in the formula).

6. Carry out the subsequent arithmetical commands applying the
programme interpreting the arithmetical commands in the code of the
computer.

It is more convenient somelimes in small compuiers to write im-
mediately in the formula, instead of the wariables, their numerical values.
The programme thus becomes simplified, as placing transfer commands
in the memory is superfluous, whereas the numbers from the input are
directly transferred to the memory under the address just computed.

The described system of automatic programming does not utilize the
memory to a sufficient degree in the case of certain formulae. The
memory utilization coefficient is defined as

i

{2) =

where m is the number of data and partial results (or the number of
branches of the tree corresponding to the given formula), Max F (p: (&) —
maximum address occurring in formula @. It is easy to note that the
Horner formula for which a has the form

2n—1
(3} a= i
is the least advantageous for the adopted addressing system, symbol n is
the number of variables in the formula, The values a for different n are
given in Table IL

TABLE 11

n [ -u“ “F &

2 /5 100
3 57 BN __'?'-1_—
o _4_ 7/15 B 45 -
s 531 : 29 -

. 6 B 11:.é3__ B _-1':-‘
S _31;7 |- m o
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It is convenient for better utilization of the memory to use the
function G defined as follows:
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Let H (p:(®)) be a function called the order of the symbol p;(@))
defined by recurrence

1. H{Ef(@}}=ll

4 H Hor i1 {-:r.-n={

H{Q.‘ (@) + 1; if gi+1{P=Xor|(,
Hpi(@)—1, if p;+1(P) =)or 4.

Let pf (#) denote the k-th symbol of the order p of the formula @;
the addressing function G will then be defined as follows:

i Glgllph=1,

) i Ggf,, @)= GO, oy (@) =)or di,
|Glgf (@) + 1, ifgf, (@) =(or X,
iil. G lgf (@) =MaxG (g (D)F7 .
Table III gives ithe wvalues of functions H and G for the previously
given formula.

TABLE I11
oy (D) 11xi_tla_-l*y:iill 1-c _Lid.: [
i 1 e !_3_'5 s]s5|67/8]9 i1u|11|E: 18 | 14?-1;5_1?_.
 Hiie) 1 |2 Is 234 3|4|3|z2| 1]z :a! al| a| 21
G g, (D) 1 -_;;_i_-;_. - _r:__.s_: 5 _sr_|T _2_'_1 3 _E_. 3 T| 3|1

Addressing with the aid of function G gives a=1.

In this case the programming programme carries out identical opera-
tions as before, with the only exception that instead of function F,
function G is computed.

Addressing by way of function G permits addresses of arguments to
be computed not on the basis of addresses of the results but from the
addresses of the arithmetical commands from the formulae:

(6) o, =1i—p, as=i—p+1,

where @; and . are addresses of both arguments of the operation, i means
address of the arithmetical command being carried out, p — address
of the first arithmetical command. The arithmetical command has thus
the following meaning: carry out an operation given in the operational
part of the arithmetical command on arguments with addresses obtained
from formulae (6), and place the result under address given in the address
part of the command performed,

A comparison of automatic programming suggested in the present
paper on conventionally designed computers with a computer organized
as in [2] leads to the following conclusions:

1. Digital computers now in use are not suited to automatic program-
ming.
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2. The concept of a digital compuier deseribed in [2] seems 1o be
more suitable for automatie programming,

The digital computer deseribed in [2] seems to be more convenient
for direct operation with a consequent mathematical language and ex-
pressions such as 5 + 4, or 8§ +7-8 cause at once proper performance
of the computer without the intermediary of commands and programme,
Every well-formed arithmetical expression is immediately a programme
of operation of the computer under conzideration. Thus, the conception
of a command and a programme seems superfluous from this point
of view.

Recently, an experimental digital ecomputer, specially devised for
automatic programming on the bases given in [2], is under construction.
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