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O. INTRODUCTION

0.1. A calculating machine does sequences of arithmetic operations on
numbers., It 1s automatic 1f 1t carries out long sequences of such
operations without manual assistance. In order to carry out such sequences
1t 1s neccessgary for Tthe device to do other things besides the four basic
arithmetic operations of addition, subtraction, multiplication and division.
There must be a means of reading in initial data and producing recorded
rnmswers. The device must be able to store numbers and instructions which
gpecify the segquence of operations that is to be performed. In order tToO
minimize tThe human effort in preparing a problem it is usually desirable
that The number of instructions involved in a computation be only a
fraction of the number of arithmetic steps that must be performed, This
regulres that the device must be capable of repeating sequences of in-
structions eilther a given number of times, or a sufficient number of
Times, SO0 that some prescribed condition 1nvolving the computed quanti-
ties can be satisfied, To carry out a computation in an efflcient manner
it may be necessary to do other non-arithmetic operations, For example,

it may be expedient to rearrange a number of 1tems in order of slze; or

1t may be necegsary to store many items in a compact manner, Sevecral

1Ttems may need to be gtored in one memory position and the device must

be capable of selecting individual 1tems 1In such an 1nstance,

O0.2. A substantial number of calculating machines have been bullt which
are capable of doing automaticélly all of the things listed above.
~Although these machines perform elaborate computations involving even
biilions of steps , it dis first necessary To spell out in fine detall
5311 the steps in the process and establish the pattern for carrying out

' these steps. To illustrate this point consider the National Bureau of
Standards Western Automatic Computer (otherwise referred to as the SWAC),
" This machine is capable of doing nearly a million arithmetic operations _
- per minute (actually 937,500) where each such operation might consist of ~
- adding any two numbers in its memory and placing the answer in any other o
;position of the memory. On the other hand it carries out only seven.  "
;basic operations which are listed 1n the following table, “
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3.9. For exomple, thc Newton-Raphson process fo

o solving algebraic
cguations gives

hﬁflm:}ﬁl'“ f0ﬁn)/f](Xh)’

£ >h+1 = hs

—— o whgl - R— 1 4

“h+e1 Xy

48 long as the difference of two successive approximations exceeds Ao

Limit, the x's will be shifted down -nd the process repeated., Since in
the standard assignnent 1t is already known that h is a marcning index
Che above problem statement can be condensed
section 1 the

28 follows., First in

syrmbols ,xh, must nppear indicating that the index h is

18s80cinted with the varinble X; Tthen the above can be rewritten as

X1 = X0 - f(XO)/f'(XO)ﬂ z=x1 - x0, h, f2z <« ¢

L g .
where 2 denotes +the subroutine which tonkes the 2bsolute value.,

3.10., Transfer of ControlzmmjIhwszcmmwentions.

I'ne following table indicates the possibilities for transferring
21 control, and incrementation of indices.



Operational Block Effect

1. s s rcturn €to the preceding comma
2 . p ; return to the prcecceding semi-colon
3. 5 - return to the preceding colon
4, g K y
, K3 0 to section ky, k is an integer
> ,NT return to the preceding T symbol n Times
Tnd then continue, n is an integer.
6, , N kT ro to scction k¥ n times and then
continuc, n 1s an integer.
7. ,CT return to the preceding T symbol (c)
times where (c) is the contents of
address C.
3, ,Co KT similar to 6 and 7
9. ,i: 1 increase 1 by its increment and return
,is | to the prcceding : or @
10 51,05 increase 1 and j by theilr respective
P P increments and return to the preceding

5 or 3

11. s L incrcase 1 and return to the precediliny
semi-colon, when a commd marker 18
reached 1n the data reset 1 ana 1increase
j and return to The preceding seml-
colon, When n semi-colon marker 18
renched in the data reset i and J and
continue,

12, oo XT 1 the contents of A exceeds x, or (x)
1f x 1s an address (letter), return to
the preceding T symbol, otherwlse con-
tinue,

13, ... XT i the contents of A are less than X or
(x), as the case may be, return to the
preceding T symbol, otherwise continue.

14, e.. X KT 1{ the contents of A exceeds x or (x)
70 to sectlon k, otherwlse continue.
15. cee & X 3K if the contents of A is less than x or
(x) go to section k, otherwise continue..
16, ,h, shift all the quantities with subscript

h one positilon (march) and continue

(see 3.8).

17. ,hy or ,h: as in 16 but return to the preceding
or

Table 5. Transfer of Control.



3.11. Examples of problem specifications.
' Some simple examples are now given to show how problems must be
stated in order to be solved with the system described here,

3.12, Example 1, To solve the gquadratic eguation ax2+bxw::z<).
Problem statement:

+01.37658, b= +99,88072, c= +00.31549, i2, x8i;

s1: a

{

|

s2: 7 bp2 - bac, xi = -b/2a - 1pizp0.5/2a, 1i.

In this example a new variaole has to be introduced in order €O
take care of the expression (b 4no)m. According to the numerical con-
vention (see 2.8) the true values of the numbers a,b, and ¢ are obtained
Dy taking the fractional parts and multiplylng Dby 104, 10“1, and WOO,

cspectively.

.13 . Example 2. Evaluation of a polynomial.
s1: hll, aBh = +02.7734-01.0993+...etc. ...;

s2: 2ah + bXx = b, h.

Upon execution of this program the iterative formula is repeated

until the marker is found at the beginning of the a's.

20
3.14, Example 3. Vector-matrix multiplicationq;gw, aijbi = Cj’
- 1="
J - /“’233314;:_’20*
s1: 120, j20, a7ij = ...glven elements row by row with

7 cormma at the end of each row except the last...:

b?i —— 2 @ @ E‘;:-j_vcn elements @ o e 9 C?j;

s2: ¢Jj + aigbil cls 13 J.

I

3.,15. In the system considered formulas rmust not have more than Two
indices, Accommodation of more indices, indices with exceptional values,
of parenthesis in formulas, etc., requires more complexity 1n the pro-
cessing system. It 1s thought that a more complex system capable of
handling more general formulas than those 1llustrated above 1s a practlc-
n1l possibility in view of the present state of the computer art.



