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BUMMARY,

The attached report has been devised and prepared by Bristol Aero Engines
itd. and describes the tabular interpretive programme. This has been designed
to carry out om DEUCE the kind of calculation frequently done by hand on
sheets of paper, tabulated in colums where an arithmetic or table lock up
operation ic performed on a column of figures and the results written in
another columm,

The report is written epecificaily for those with no experience of
computers.

It is intended in due course to replace this scheme by a mors powerful
and flexible scheme.
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1o INTRODUCTION,

It is well known that programming problems i'or DEUCE is a specialised
and sometimes lengthy procedure, In the past this limited application of
the computer mainly to work of a repetitive nature where the initial cost
of programming could be o0fi'set by the programmec's subsequent uscfulncss.
In view of this, a largc quantity of important vut nen-repetitive work
rcemained outside the scope of the computer., The concept and introduction
of interpretive schemes has largely removed thig difficulty in certain classcs
of worl,

The basic differcnce between a normal programme and an intcerprcetive
programme can be very simply stated., In a normsl programme cach instruction
directs a single operation, whercas an interpretive programnc uscs mastor
instructions to trigger off a vhole sct sequence of opcrations. Thesc masteor
instructions, which are referred to as codes, will obviously be fewer in
numbcr than the total of instructions in a programme and can thereiore be more
quickly compiled. Lioreover since thesc codes have to he interpreted (Ge-coded)
by the programmc itsclf before they cen be obeyed, some simple notation cen be
crapioycd which neced have ncething whatever to do with the normal machinc language.

The scheme described here is complimcntary to the Ceneral Interpretive
Programme, and to Alphacode, thare being differcnt fields of application
in which each of thc threc interpretive schemes in turn have pacticular values

Onc requircment which has to be met is that all problems must be
presented in some standard marmcer, snd it is felt that this is best achieved
by the system of column tabulation wniversally used with desk calculating
machincs. This hes the adventage of flexibility and familiarity. <ny
engincer capable of presenting a calculation to desk machinc operators in this
form will find no difficulty in using the interpretive schem: since the
process is oxactly the samc,

Although somc degree of versatility is achieved in this scheme it is
not entirely comprehensive nor is it always desirable to usc it in preference
to special programmcs made for spccific problems. The first and most obvious
limitetion is that it can only deal with the clags of calculation capable of
being carried out by standard tabular methods and then only when the specified
operations arc available in the interprctive programme. The sccond limita%ion
is on machine timc. The interpretive scheme is slower in operation thoan normsl
DEUCE programucs and therefore where a calculation is of a type frocucntly
repeated machine time can be saved by writing a conventional programmec. Thirdly
if the amount of data is large compared with the quantity of arithmetic invelved
the calculation would be better undertaken on a desk machinc. This is not
peouliar to the interpretive schome but to digital computers in pencral since
in thesc cases punching dota on to cards may be almost as lengthy as corrying
out the wholec calculation on a desk machinc,

The examples given in this roeport are mcant to scrve only for purposcs
of illustration, thoy are in no way typical since the amount of arithmetic
involved in them is rclatively trivial and the use of DEUCE for calculations
of this sizc could probably not bo justificd,

This scheme should not be uscd for calculations involving matrix
cpcrations. The cxisting matrix intcerpretive scheme is far more cconomical
on machine time for problems of this typc.
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The design of the interpretive scheme makes allowance for the
inclusion of more operations than those given in this report. Cnly experience in
using the scheme will indicate which additional operations will be most useful.
for this reason some blanks have been left for the present, to be filled later
as experience dictates.

2¢  ARTTHMITIC T COLUMNS.

247 General Tabular Method.

Given a shecet of paper divided into colums and rows with initial
data in the first few colurms calculation aormally proceeds on
a desk machine by taking one or twc colums of numbers. carvying out
some arithmetical operation on these nuwibers and putting the result
in a third column, the tabulation carryinz on in this way as the
solution is built up., Constants such as ¥~ , Young's lodulus,
cxpansion indices and so on are not usually given a column each
but are written down scparatcly.

The requirements of the interpretive scheme are exactly the same,

except that the sheet of paper can bc assumcd to exist inside

DEUCE end that DEUCE will do all the calculation and ©illing in

of columns on being told preciscly what to do. This "shect of paper®
is also divided into columns and rows, 128 colums (numbered O to 127)
and 32 rows (numbcred 0-31), The first colum {(column O) is reserved
for storing constants. Because of this the rows of colum O are

not related in any way to the rows on the remainder of the shect.

The rows of ecolumm O are numbercd CO C1 C2 03 ctc.

This layout is illustratcd below:=-

y , - :

) 0 1 12 13 n 126 § 127
“0 i
C1 _
72 S
C

3 -

031 1 )

When doing a tabulation on a desk machine sct cach sct of results is
usually written down in the next vacant column. /ith the interpretive
scheme ncw results can be written over columms previously obtained
but no longer required in the calculation., No speeial instructions
for this are required, the act of “"writing" in any colum automatically
dcletes anything proviously in that colum. The cconomy on space
achieved in this way allows large tabulations to be handled which would
otherwise require more than the 127 columns availablecs Since, in
general, the answers to eny particular operation arc not put in the
next vacant colum it is necessary to specify the columm for the
results. This infermation will be contained in the codewords.
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2.3

Codewords

Codewords represent an abbreviated form of instruction for carrying
out some operation in tabular arithmetic. One codeword contains
enough information to define an operation, thus these codewords are
equivalent to the instructions which would be given to a desk machine
operator to do a similar job. The interpretive programme takes the
codewords in sequence, decodes them, selects the columns of data on
which the specified operations are to be pcrformed, brings into
action the appropriate programme and plants the results in the
regquired columns,

Codewords are stored in four separate blocks, 31 in block 1, and
32 in each of the remaining three blocks and are numbercd consceutively
from 1 to 127. Sets of up to 127 codewords arc read in and stored in
the appropriate blocks automatically. Should a calculation require
more than 127 codewords an instruction can be given to rcad in a new
block. Details of how this is done are described in Section 3.

With one exception codewords consist of four numbers. The first
two are the numbers of the columns on which the operation
(multiplication, addition ctc.) is to be performed. The third
numbcer gives the number of the colwm to which the result is to be
sent, and the fourth numbcr rcpresents, in code, the opcration which
is to bc performed. Thus, assuming the code number fer division to
be 1, the codeword

3 2 5 1
would be interprected as:-

dividc the numbers in colum 3 by the corrcsponding numbors
in colurm 2 and put the results in column 5.

Column Arithmetic,

The codewords for the basic arithmctic operations, reading and
printing are:-

Codeword Intcrpretation
a b ¢ 0 (Col. a) x (Col. b) result in (Col. c¢)
a b ¢ 1 (Col, a) = (Col. b) result in (Col. o)
a b ¢ 2 (Col. a) + (Col. b) result in (Col. c)
a b ¢ 3 (Col. a) = (Col. b) result in (Col. c)
0O 0 ¢ &4 Rcad colum of data from cards and

write in column c.

a 0 O 5 Print out column a.
a 0 ¢ 6 Find the squarc root of colum a

and put the result in colum c.

Throughout the scheme the results of all arithmctic opcrations are
given to six significant figures, the last of which may have an error
of 1.
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Hxamples -

Calculate a table of second moments of area of hollow tubular shaft
sections for a fixed inside diameter of 4 inches and outside
dismeters ranging from 4.10 to 4,50 inches in steps of 0,05 inches,
for which the forrmls is:-—

L= (07 - 4
6L
Since D is numerically close to d the formula is better written
for computing purposes as:-
2

-a) ; L a2
d) (o, +a) (B +a”")

I =3 (D
n el n n n

6y,
Ptting this in tabular forma ready for evaluation on a desk machine
might result in a layout such as the one given below.

0 1 213 b 5 6 7 8 9 10 11

(D - d)DA-dA T
w o la|n | p®| & |D%a%D 4 alp - a|x(D+d
. 3% () x () + O + @0 - @l0) = @49 = O x 10)
o SOL5087 (52010 -
c, .0L9087 | 4. O[ 4415
o, .049067 | 40|12 20 |
ete t
o, L 049087 |12 0 144 5C | ?

To work this example by means of the interpretive scheme, the first
three colums of data would be required together with the following
sct of codewoirds which replace the "operation" row in the above table,

Codeword What_ codeword dogs

(1) o o0 1 4 Read data into Col. 1.

(2) o o0 Iy Read data into Col. 2.

(3 o 0o 3 4 Pead data into Col. 3.

W 3 3 45 0 (Col.3) x (Col.3) putting result in (Col.k)
(5) 2 2 5 0 (Col.2) x (Col.2) putting result in (Col.5)
(6) » 5 & 2 (Col.4) + (Col.5) putting result in (Col.6)
(7) 3 2 7 2 (Col.3) + (Col.2) putting result in (Col.7)
(8) 3 2 8 3 (Col.3) ~ (Col.2) putting result in (Col.8)
(99 7 8 9 o0 (Col.7) x (Col.8) putting result in (Col.9)
(10) 9 6 10 0 (Ce1.9) x (Col.6) putting result in (Col.10)
(11) 1 10 11 0 (Col.1) x (Col.10)putting result in (Col.41)
(12) 11 0 0O 5 Print out (Col.11)

(13) 0 0 0 32 Stop.

then the calculation is complete and the requircd columms have been
printed out the final codeword should be gtop instruction as shown
above,
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2.4  Constants,
. . "rh_J! .,

In the example just given and "d" remain constant from one
row to the next. ZEach required a whole columm when in fact one space
would have been sufficient. Clearly, if a lerge number of these
constant terms had been involved, much waste of space would have
resulted. To overcome this disadvantage column O is reserved f'or
constants as previously mentioned. The rows of column O are numbered
CO 01 C2 etc. To operate on a c¢olum and a constant, the operation

number of the codeword must be 7. The code r denoting the actual
cveration, multiplication, a dition ete., is placed in brackets
in the centre of the codeword. Hence when constants arc invelved,
the codeword taikes on the slightly modificd form.

an (r) ¢ 7

a and ¢ have the same significance as before but b (the number of
the sccond colum to be opersted on) no longer applics and is
replaced by n, where n is the number of the row in Col. O centaining
the required constant C . Your differcent codewords of this form

are possible:-. o

a n(0) ¢ 7 C = (Col.a) snswer in Col. c.

a n(1) ¢ 7 C, L (Col.a) answcr in Col, c.

(Notc the operation (Col.a) =+ G, is not
required since _1 can be given in placc of Cn

initially. T

n
a n{(2) ¢ 7 o, =+ (Col,a) answer in Col. c.
a n(3) ¢ 7 ¢ = (Col.a) answer in Col. c.

n

(Note (Col.a) - G, operation is never required.
Tt can be obtainéd by (Col. a) + (-cn))

A special codeword is requirced to read in a set of constants from
cards intc colum O:~-

p O O L Read p constants from data cards inte Cel. O,

The cxample just given can be uscd to illustrate usc of these
codewords, The layout can be expresscd as follows: -

0 1 2 3 4 5 6 7 8

2

D 2| 0%a® D+ alp-a

-

x Y2+ Gyl + Gl1 +Ci3x 46 x5l7xC

c. | .ou9087 2410

0 =6l
01 4.0 = d 415
¢, |16.0 = a% | 3.20 |

C -Z-I»QO = "d

frr
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The codewords in this case would be:~-

1) 4% o 0 4 Read L constants into Col. O
(2) o o 1 & Read D's into Col, 1.
(3) 1 1 2 0 (Co1.1) x (Col.1) put in Col. 2.
b 2 2023 7 (Col.2) + C, put in Col. 3.
() 1 12 n 7 (Col.1) + €, put in Col. L
(6) 1 3(2)5 7 (CoL.1) + C, put in Col. 5.
(70 3 4 6 0 (Col.3) x (Col.k) put in Cols b
8 6 5 7 0 (Col.6) x (Col.5) put in Col. 7.
(9) 7 o(0)s8 7 (Col.7) x Cy put in Col. 8,
(10) 8 0 o 5 Print out Col. 8.
(M) o o o 32 Stop.

Storage Economy.

Remembering that unwanted columns can be written over, the amount of
space required could have been considerably reduced as shown by
the following set of codewords which does the same job using only
3 colums (excluding Col, 0,

1) & 0 0 4 Read in constants into Col. O.

(2) o 0 1 i Read D's into Col. 1.

3) 1 1 2 o0 (Col.1) x (Col.1) in Col.2. (D° in Col.2)
Wy 2 2(2)2 7 (Col.2) + G, in Col. 2. (0°+8% in

) Col.2)
(65 1 123 7 (Col.1) + G, in Col. 3. (D+d in Col.3)
6) 2 3 2 o0 (Col.2) x (Col.3)in Cols 2. (D?+d%)(D+d)in
Cole2).
(7 1 3(2)3 7 (Col.1) + C, in Col. 3 (D-d in Col.3)
8 2 3 3 0 (Col.2) x (Col.3) in Col.3((D%+d")(D+d)
(D-d) in Col.3).

(9) 3 0(0) 3 7 (Col.3) x C, in Col.3 (é#(Dh—dh) in Col.3)
(10) 3 o o0 5 Print out column 3.
(11) o 0 0 32 Stops

3e  DISPENSING WITH TABLES.

It is not normally convenient to store tables of functions in digital
computers. All the more commonly used functions can be calculated more quickly
in the machine than they could be rcad from stored tables., It is for this
reason that the interpretive scheme contains sub-programmoes to calculate the
more frequently used functions.

31

Trigonometrical Functions.

Given a column of angles (in radians) in Col. a, the sines of these
angles arc put in colum C by the codeword:-

a 0 ¢ 11
and the cosines by:-

a 0 ¢ 12

No facility is provided for tangents since these can be rcadily
evaluated from the sines and cosines.
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The inverse process, obtaining angles (in radians) from given
~trigonometrical ratios may also be found directly. Given sine x in
colum a, x is put in column c¢ by the codeword:-
a 0 ¢ 20
similarly the codeword for cos  'x ig:-

a 0 o] 29

3+2  IExponential and Logarithmic Functiens

To calculate log x where x is in colum a and log x 1is required
in colum c, the codeword is:-

a 0 ¢ 8

The anti-log of p (or ep), where p is in colum a andeP is required
in colum c, is obtained with the codeword:-

a 0 ¢ 9

Example: Suppose that in the course of a calculation, the variables

EH P_ and ¥ have been evaluated and put in colums 152 16
and 17 respectively, and that the number ~1, appears in
08’ and that it is now nccessary to cvaluate tho expression:-

p, T
' 1y ¥
y = (':5;)

The following proccdure could be uscd:=-

16 16 18 1 B,
N in col. 18
2
17  8(2) 19 7 ¥ =1 in col. 19.
19 17 19 1 L1 5n col. 19
Y p
18 0 18 8 log (—Pi) in col. 18,
2
/ Py
18 19 18 0 log—l)(x-q in col. 18,
BJL ¥
18 O 18 9 Mnti-log = y in col., 18,

The required result is in colum 18, colum 19 at the end of
this scquence contains ;4 and can be written over if not required,

The original colums containing PH P2 and & have been left undisturbed.

3.3 Modulvs and Shift.

As will be scen in the later scction on diserimination it is sometimes
convenicent to form the modulus of a column of numbers. The codeword:=—

a 0 ¢ 14
will do this, putting fxi in col. ¢ if x 1s in colum a.

A Turther uscful operation is the colum shift.
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The codeword: -
a O c 10

will produce in column ¢ the contents of colum a shifted down
one place. Finite difference calculus frequency employs differences
in the form X =~ X ,. This can be done with two codewords. As
an example of thi3 Suppose a colum of x's (X X‘l X2 evs ) are in
column 4 and it is required to calculate X ~X in Golumm 6. The

. . n T neq
two instructions necessary would be:-

by o 5 10 Put shifted down version of col. 4 in col, b.
L 5 6 3 Subtract colurmm 5 from column 4 and put in
Col. 6,

After these two instructions, colums 4, 5 and 6 would appear as:—

4 5 6
g 1 %o -1
X1 .XO X_? - XO
Az X1 X,2 - X1
% LD IR

It will be obscrved that after a shift the number 1.0 is written
(automatically) in row O of the shifted colurm n. Had this not been
arranged, any attempt to divide by that column would have entailed
trying to divide by the zero in row O. Since row O now contains

an arbitrary number any further operations involving this colum
will invalidate the corresponding elements in row O. This is
incvitable if differencing is done, but is of no conscquence since
after diffcrencing the computation always proceeds with one row lcss.
Further refercnce is made to this in the following scction.

Summation.
If column a contains XO X1 X2 PN z{n ver
n
< Xn is fermed in column ¢ by the instruction
0
a O ¢ 19

After this instruction colume a and ¢ appear as:-

a c
XO Xo

X1 Xo + X1

X2 )&O + X1 + X2.
- n

% s %o

This facility can be used to perform first oider numerical integration,
n

Suppose it is required to evaluate y, = F(X) ax

X0
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If the values of F_ (n) appear in, say, colum 12 and X colums 13,
then y, can be readily obtained. It is first necessary to have
in oné of the colunns the configuration:—

0

1

3

1
etea

If colunm a is multiplied by this colum, the result will be the
same a3 the original column "a" with the first number zero. This
is a neccessary preliminary to summation if a shift operation has
been previously performed. After a shift operaticn row O beoomes invalid
(as shown in section 2.3), but anything in row O of a particular
oolum will be included if a summation is made on that columma
It will be assumed for this particular illustration that the above
confipguration appears in colum 4100,

Expressing the integral in finite difference form:=

r (&) + F (%) ‘E

2 /?(Xn - Xn-1>

the codewords to do this would be:—~

o M3

¥, =

12 0 1 10 o () s ,

1 14 1L 5 g Form EH(X) + Ln_1(x, in col.14a

14, 5(0) 4k 7 Form & (F, (X) + Ty (%)) in col.tl. (05_—;-—)
13 0 15 10 v _ s aaT.

13 15 15 3 g Form C&l X£”1) in Col.15.

0 15 14 0 Col.1l x Cols15 in Cole1l.

14 400 10 0 Put zero in first row of Col.1d (sce above)

14 0 14 19 Yn in Col.tk.

Stering Tabulated Number,

The interpretive scheme is designed to operate on colums of
numbers and no facility is provided for working with individual
numbers except in the case of the constants stored in column Q.

Occasicnally however, an opcration with a single number may be
unavoidable. As an example, if a column has bcen summed by means
of the swmmation operation, the column total (a single number) may
be required in somc other part of the calculation. In order to make
this possible a facility has been madc to take any single number
from any column and store it in one of the positions in colummn O.
From here it is available for operations in the manner already
described for constants. The codeword: -

a b ¢ 13
is interpreted in this instance as:-

Telze the number in Col. a row b and store in position CC (Wote
rows arc numbered 0-31).
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3.7

Graphical Data,.

Many empirical functions are represented in graphical form and as
such cannot be presented to a digital computer. Methods are
available for obtaining values of these functions from a set of
given co-ordinates. No one method, however, will do all types of
curves and the normal practice in writing conventional DEUCE
programmes is to seleat curve fitting methods appropriate to the
graphical data suppliecd, even though this may mean using more than
one method in the same programme. The method selected for the
interpretive scheme uses second order interpolation on a sct of
values of a function given at equal intervals of the argument, and
for functions of a singlc variable only. The "graph" must be
presented as a colum of numerical data in this manner:-

Col. b6,
JaN /””””w“’-r‘-\%\
x N
, | N
XO i \
O i
, - <
Y1 YO Y1 Y2 Y3 %), Y5 I6 Y7 YS;
Y2 i
etc. ; : 7 N
Yn-1 XO X1 X2 X3 XLF X5 g Xy X8
£ Range required 4

X—O is the lowest value of X and AX =

gra.ph). One y value more than the number rcguired to cover the range
must be given as indicated by the dotted cxtrapolation in the above
figure. The maximum number of points that can be used tc specify

a curve is 30 (this number plus AX and X, occupying the wholc of
colum b), The codeword (n+2) O ¢ L réads the column of
graphical data into colum c, n being the numbcr of points specifying
the curve,

X, - (constant for any one

The codeword: -
a b C 15

will take valucs of X from colum a "rcad and graph" given by colum b
and put the results (y's) in column c. This programme will nct
cxtrapolate.

e
Graphical Data -~ Linear Interpolation.

Before using sccond order interpolaticn in curve fitting some
care must bc taken to ensurc the validity of the assumption madc, i.e.
that an equation of sccond degrse cxpresscs the relation between
dependent and independent variables with sufficicent accuracy over
the sclected internal. Whether a sccond degrec equation represents a good
fit or not will not be¢ immecdiately apparcnta

To simplify matters a little a linear interpolation programnc has
becn incorporated. This will interpolate over a range specified by up
to fifteen pairs of co-ordinates which need not be given at equal
increments, The choice of co-ordinate distribution will laxgely
determine the fit but since this amounts only to approximating to the
curve by a series of straight lincs, the magnitude of the errors
in £it will be obvious and discontinuitics can be followed. Ior
this reason it is recomnended that linear interpolation be uscd
to reprcscnt graphical data whercver possibles
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This programme is additional and not alternative to the second
order programme. Lt 1s called into operation by the codeword
a b ¢ 22. where a contains the colum of x's and b the co-ordinates
in the folleowing form:=-

n
%

=<
@]

Ka

5P
X

s
LN

n being the number of co-ordinate pairs (n £ 15) )
The instruction for reading linear graphical data into colum c will
be

(en +1) 0 ¢ 4

4. AUTOMATIC MODIFICATION OF INSTRUCTION SENUINCE.

By using facilities to modify instructions, a considerable gain in
programming flexibility can be obtained. As will be secn later the benefits
available largely depend on the ingenuity of the individual setting out the
tabulation. Once the technique of instruction modification has been
understood many applications will become apparent. It is hoped that the
czamples given here will sufficc as a pointer to the possibilities.

Lo Jump to Prescribed Codcword.

Should it be required to break away from the given sequence of
codewords, the instruction:-

0O 0 p 33

will do no arithmectical operation, but will take as the next
instruction ccdeword p (codewords are numbercd 1 to 127), and continue
in sequonce from that point,

Txample:~ Supposc a table of funotions is reouired y. = F_(X) for
values of X from 1 to 100 in steps of 1.0. It will beé obsérved
that this would require a tabulation of 100 rows. Since the
interpretive scheme is limited to 32 rows this would normally
mean calculating y for a range of X from 1 to 30 (say) and then
repeating with ranges of 31 ta 60 ctc. DBach calculation would
consist of the same set of instructions, the only alteration would
be the column of X's. (say in Col. 5). I however, the print out
ingtruction were to be followed by the two codewords:-—

0 0 5 Lk Read fresh sct of data into Col. B

0 0 p 33 Jump to codeword p.
(Codeword p being the first in the scquonce of
calculation),

then a new set of X values (from 31 to 60) would rcplacc the original
sct and the calculation would then begin again. The only precaution
necessary would be ensuring that the data (i.e, the data colums)

were presented in the correct order. This is easily arranged by
presenting the colums of data on the data sheet in the order in which
they will be required by the machine. This proccss cen be
conveniently illustrated with a block diagram:-—
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(1) [Read inX's | (1)  |Read in nth sct of X's
(2) Calculate Y's ‘ (2) Calculate Y's, ‘
Y v -
(3) | Print ¥'s or | (3) |Print ¥'s. |
“ "’-
(&) 1Read in more X's (4)  |Jwp to (1) i
Y ¥
(5) Jump to (2).
{.

The number of rows in each calculation must remain in same (thc numbcer
of rows in any interprctive scheme calculation is fed into DiEUCE .
by en operator at the outset). In the example given, each calculation
would consist of 30 rows, and in order to cover the required range,
120 would have to be found. It would in this instance have been

more economical on time if 25 rows had been worked in each calculation.
The calculation would still have been repeatced four times (this

would be inevitable since the maximum number of rows is 32) but cach
would have been done on a reduced numbcr oOf Trowse

Le?2 Replacing One Codeword with Another.

In thc above example the sequence of instructions being obeyed
remained the same each time round the "loop". In some applications
one or morc instructions will nccd to be differcnt at each repetition.
In these cascs some modified versions of the original instructions
can be added to the bottom of a list of codewords, these being
written over the original codewcrds by instructions of the form:-

a b c 35
This instruction will de no arithmetic but will causé codeword a to
replace codeword ¢ and take as the next instruction codeword bhe The

instructions will be taken in scquence from codeword ba

4e3 Discrimination,

The discriminating facility cnables the machine to take onc of
threc different scets of instructions according to the state of the
calculation. Two criteria are used for this rurposc. They are:-

(a) Choosc on the basis of a prescribed column being all + ve, all
~ve or a mixture of both positive and negative.

(b) Choose on the basis of a prescribed column being all zero, all
non zero, or a mixturc of both.

The codeword a b ¢ 16

will do no arithmetic but will causc codeword b to be taken as the

next instruction if Col. a is all +ve, codeword ¢ to be taken if Col.a
is all ~ve, or the next codeword in the sequence if a is neither all +ve,

nor all —vee

The codeword a b c 17

works in exactly the samc manncr except that a zero or non zero condition
replaccs the +ve -ve condition,.
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In the example of section 3.1 there is no means of getting out of the
"loop". Were it not for the fact that the programme would run out
of' data the whole repetitive cycle would go on indefinitely. The
block diecgram below shows how this state of affairs could have been
avoided: -

1e Read 2.5 into c1 (together with sny other constants neededll

[,

s

2. | Add ¢ to column 1. This puts all 2.5's in column 1, ]

5. |Reed in %'s. |

Lo Lgalculate‘and Print Y’s.g
S ey
Se ‘Subtract 1.0 from Colum 1.]
- St
6. | Discriminate on Col. 1. |

If Col. 1 nct _.”’ If Col, 1 all negative
all negati@;/"

pal o S
8. Jump to Sec.j' 70 tOpn l

SO |
!

Lkt

It will be cobserved from the discriminating instruction that three
altemative paths are available, thercfore, if a two-way choice is to be
made, as in thc above example, two of the paths must be made
coincident i.c. must lead to the same instruoction.

Seetion 6 would consist of only one codeword (say the 36th codeword).
Scetion 8, also only one codeword, would have to be the next in
sequence (37th codeword). The positior. of the stop codcword
compriging scction 7, would be immaterial., Assuming, however, that
in this instance the stop codoword is the 50th, thcen section 6 would
be

36) 1 37 50 16

It will be secn from the block diagram that Column 1 is used as a
counter. At the end of the first ftime round Column 1 consists of

all 1.5's. On reaching the discrimination instruction the sequence
jumps to (8) and so repsats. At the cnd of the second time round
Column 1 contains all.5's herce once again the seauence Junps to (8).
At the cnd of the third time round Colum 1 contains all -.5's

end is therefore all acgative and the discrimination instruction leads
an to the 50th codiwerd, the stop instruction.

It would appcar logical to put 3.0 into ¢, at thc outsct and usc
the zers or non=-zero discriminator, In prac%ico, however, this
would not be satisfactory since in converting from a decimal to
binary somc round-off errors inevitably occur and some small
remainder may be lef't wherc a zero is expected, Should this be so
the discriminator will treat this as being non-zero,

Road in HMHore Codewords.

As was explaincd carlier codewords are stored in the machine in
four blocks numbered 1 to 4, the codeword:-

O b ¢ 34

will read a fresh block of codewords into block € and take as its next
instruction codeword b. This operation obliterates the codewords
previously in block C, the serial numbers of the new codewords being
the same as thoe overwritten oncs.
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5. INSTRUCTION TO DEUCE OPLRATORS.

5.1 Punching of Data.

Data cards are punched in floating decimal a x 1Ob with 1€ a € 10
in Cols. 2-10 of DEUCE field with sign in Col., 1 b as 9 digit
integer in Cols. 12-20 with sign in Col.11.

Cards should be punched and stacked in columns as set out on data
sheet.

5.2 Punching of Codewords,

Each block of codewords is punched as a triad of cards in the
normal fashion but with no initial instructions, the first minor
cycle of the first triad should be left blank if more then one triad
is to be read in. If only one triad is to be read in, m/c O should
be filled with the following codeword:-

o © A 33

If more than one triad is to be read in (i.e. if m.c.0 of 1st triad
is blank,) make up to 4 delay lines with blank cards. Codes are
punched in binary as integers x EH; P IH and P2 the central
bracketed code where this appcars shogld bZ puncheé as integer

x fth A'EBP runched against any code behaves as a stoppcre

Tor a programme consisting of not more than four D.L.'s of codes the
codecs will precede the data in stacking order. A programme of
morc than four D.L.'s will contain an instruction to read more
codes and an inspection of the programme will be nceded to ascertain
the stacking sequence. In front of the code cards a paramcter card
is required with n P, on the y row, where n is the numbcr of rows
being worked in the %abulation.

5.3 Intervretive Programme and Bricks.

Each brick has a fixed position on the drum., The interprctive
programme is in two parts, frontand back, the bricks being sandwiched
between. Only the bricks required for a particular calculation need
be assemblcd into the pack. The front scction of the interpretive
scheme incorporates "clear drum® and “read to drum". The back
section includes A 11 F/A.

5e¢4  Testing Facilities.

AP 5 on the I.D. will cause the machine to stop on cach codcword,
displaglng the codeword on the 0.S. A single shot causcs the
programme to continuc.

To stop on codeword n, put nP,_, on I.D. single shot to continuec,
To punch out intermediate column1Zor to insert an instruction from I.D.)
stop machine to appropriatc point by P p Oor nP,-; T.I.L. on, single
shot T.I.L. off, put on stop. Insert %cquired Zodcword on I.D.
(2 0 0 5 if colum a is to be punched out), give single shot,
clear I.D. put on normal. If the inserted codcword contains a P 5
the machine will stop with the code displayed on 0.8. Give singie
shot to continue. The next code to be obeycd will be the one due to
be obcyed when the I.D. instruction was inserted.
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To find out which code is being obeyed when a failure occurs it
is only nccessary to bring down track 15/7 to D.L.1 on ext. tree
with P,, on the I.D. The programmc will then

and enter in 1
stop as usual 39

splayinBz

on vwhich the failure occurred.

Squarc root A

by

£ on the 0.8. the codeword fcllowing that

AD> 1.0

3 21-29 x Sce A11/1
2 31=29 ¢~ Divisor zcro
213§€2f
9_24;j Recad failurc,
2129 _
5 27-—29(—I A negativc,
§ 6 29—2961 A negative.
f A—
6 31-31é} A zero.
L SR |
5 13-29¢, b & 2'2
| S
é 6 13=2G¢ x b > 1
s
(3 14-29¢ b < 1
[—

These are punched out colum by colum, one number per card in

standard floating decimal.

Since they are in the same form as the

data and punched in the same fields they can be used as input if

F W N > C

@ N N ~N N Oy

J N G Y
N = C Y

INTER-RETATION,

(Colea) x (Col.b) putting result in Col.c,

-I»

(Col.a)

(Col.b) putting result in C

(Col.a) + (Col.b) putting result in C

(Col.a)

ol.Ce

ol.Ce

(Col.b) putting result in Col.c.

Read culum of data from cards and put in Col.c.

Read grapgh of n co-ordinates from cards and put

in Col.cCe

Read p constants from data cards.

Print out colum a.

v (Col.a) putting result in
(Col.a) x C, putting result
Cn = (Col.a) putting result
(Colea) + C, putting result
Cy - (Col.a) putting result

Col.C.

in
in
in

in

Col.c.
Col.c.
Col.c.

Col.c.

log (Col.a) putting result in Col.c.

Anti-log (Col.a) or ¢

(Col.a)

putting

result in Col.c.

(Colea) shifted down onc place in Col.cs

Sine (Col.a) in Col,c.

Cosine (Col.a) in Col.c.

Log A
Anti
ax 2
sin14 or
Cos-1A
5.6 Results.
required,
6. SUMMARY OF CODEWORDS.
CODEVOED

a b c

a b c

a b 6!

a b c

0 0 o]

(n+2) 0 c

P 0 0

a 0 0

a 0 c

a n(0) ¢

a n(1) ¢

a n(2) c

a n(3) ¢

a 0 c

a 0 e

a 0 c

a 0 c

a 0 c

a b n

-
W

Storc number in Col.s row b in position Cn.
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CODEWORD
0 C
C

b C
b c
0 c
0 c
0 c
0 0
0O r
b c
b c
b c

14
15

16

17

35

36
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INTERPRETATICH,

lCol. a! in Col. c.

From x's in Col. a and graph of y = £(x) in Col.b
find y's and store in Col.c.

Talze as next instruction codeword ¢ if Col.a is

all negative or codeword b if Ccl.a is all positive.
Go to next codeword if Cole.a contains a mixture

of positive and negative numbers.

Take as next instruction codeword c¢ is Cole.a contains
no zeros, codeword b if Col.a is all zeros or next
codeword if Col.a contains both zero and non-zero
elements.

X,
. v s n .
Given X in Col.a form % x_ in Col.ce
n Xo n

Given sine x in Col.a, forms x in Col.c.
Given cosine x in Col.a forms x in Col.c.
Stop programme.

Jump to codeword p.

Read fresh block of codewords intc block ¢ and
Jump to codeword b.

Replace codeword ¢ by codeword a and jump to
cocdeword b.

Replace eodeword ¢ by a + b.



