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Automatic Instruction Modification
on 'DEUCE9

1.0

GENERAL

In line with The English Electric Company’s policy of continuous
development in Digital Computers, a facility to supply instruction modi
fication has been devised.
The additional programming features have been thoroughly investig
ated and consequent additional electronic equipment has been developed
consistent with maximum programming use and maximum economy in design.
The equipment has been fitted into existing installations and is
included as standard equipment in all DEUCE’s produced after September 195
An estimate of the saving in computer instructions was made in four
typical problems thus:
Matrix Multiplication
Past Sum Series
Runge-Kutta Method
(Differential Equations)
Latent Roots

27%
35%
14%
31%

Furthermore this equipment plays an important part in ensuring the
optimum efficiency in application of other facilities, particularly the
64-Column and Magnetic Tape Systems.
2.0

EXISTING PROGRAMMES

The feature has been designed to incorporate automatic modification
of instructions stored in the quadruple stores, the form of modification
being specified by the coding of instructions of the type 17-0 and 18 0. Examination of existing programmes shows that the instances where these
instructions are at present used are very rare.
It is therefore possible to regard this new facility as not affecting
the existing library, as in the one or two instances where these instruc
tions do arise, the effect may be nullified by simple recoding.
3.0 ADDITIONAL ELECTRONICS

The facility involves additional equipment which is mainly contained
on one full chassis. This chassis occupies one of the positions at present
containing a blank, as indicated by Diagram 1.
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Minor additions to the main frame wiring are required, but the ex
tent of these is such that they can be completed easily and quickly.
4.0

BASIC PRINCIPLES

Modification of instruction words is a device of frequent occurrence
in programming a digital computer and any simplification of the process is
likely to lead to considerable saving of time and storage space and to vi
tally affect the economy of the programme.
The ‘Destination 0’ facility of DEUCE assists the modification of
instructions in the accumulators. The disadvantage of this method is that
the accumulator used is not available for the calculation in progress at
the time of modification. Furthermore a modifying instruction is necessary
and in many cases a modifying word also.
The most common modification is simply the addition of one to the
Wait Number of an instruction enabling that instruction to operate on suc
cessive minor cycles of a long delay line. Frequently two is added to the
Wait Number in order that successive pairs or alternative minor cycles may
be dealt with. Sometimes subtraction is more appropriate as when data is
stored Backwards’. Next most common are modifications of the Source and
Destination numbers by unity for continuous storage of larger quantities
of data. Other parts of the instruction word are modified comparatively
rarely.
Exit from a modification sequence is often achieved by the spilling
of the counted up Wait Number into the Timing number via the intermediate
,Joe digits’ . Greater flexibility is obtained by provision of a facility
whereby the ‘Joe’ number is increased by one at the same time as the re
mainder of the instruction is modified.
Most programme ‘loops’ require some form of count to ensure the
correct number of cycles of the loop. This usually requires the use of an
accumulator but a method of automatic counting is made available by the
new facility.
5.0

OPERATION

During the first minor cycle of transfer, only, of a Destination 0
instruction of the form 17 - 0 or 18 - 0, the word stored in the approp
riate minor cycle of the quadruple store is automatically modified accord
ing to the rules given below. Different modifications are available on
QS17 and QS18 and also according to the P1, P2, P3, P4, and p15 digits of
the Destination 0 instruction. Modification does not occur in subsequent
minor cycles of transfer.
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Operation of Destination 0’ is unchanged in that the normal next
instruction is replaced by a word from the quadruple store only if trans
fer is still taking place when the timing number has counted down. Hence,
if it is required that the word modified by the transfer enters control
as the next instruction, it is necessary that the last minor cycle of
transfer should either be the first, or differ from it by an exact mul
tiple of four minor cycles. It may be possible to modify established pro
grammes using 17 - 0 or 18 - 0 by recoding these instructions so that the
word which is modified is not the word which enters control.
It is important to note that it will be the modified word that is
obeyed, not the original word planted in the quadruple store, and ^further
more that a copy of the modified word will be left in the quadruple store
after the modification has taken place, ready for subsequent modification
if required.
6.0

RULES FOR SPECIFYING MODIFICATION

The type of modification effected depends on the coding of the D. 0.
instruction, according <to the following scheme.
DIGITS PRESENT IN D.0. INSTRUCTION

DIGIT ADDED TO WORD IN OS.

NO P1,

NO P2 (= 0 x P1)

P5

P1,

NO P2 (=

1 x P1)

P10

NO P1,

P2

(=

2 x P1)

P17

Pi,

P2

(=

3 x P1)

P18

if a pi5 is present, then the presence of a P2 will cause an additional P22
to be added and the presence of a P4 will cause the digits determined by Pj,
P2, and P2 to be subtracted instead of added.

the P3 and P4 have no effect. (This case is norm
ally used for automatic counting. The use of the P2 here clearly imposes a
slight restriction on the choice of Next Instruction Source).

if a P15 is not present,

The above coding holds for 17-0 instructions.
For 18-0 instructions, a similar scheme holds but subtractions re
place additions and vice versa.
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∣f.B.. Suppression of ’carry’ occurs only when two digits are added simul
taneously. Thus there will be no carry to the f*22 position if a P22 ±s
being called. It should be noted that there WILL be carry between ad
jacent minor cycles. This is most noticeable in the case of numbers
turning negative.
7.0

AUTOMATIC COUNTING

By obeying an instruction of the form 17 - 0 or 18 - 0 during a
loop and coding it in such a manner that the ‘Destination O’ facility
does not take effect (see 5.0) an automatic count can be set up and exit
from the loop achieved by discriminating on sign or nullity in the ap
propriate minor cycle of QS17 or QS18, the original word placed there
having been suitably chosen according to the number of times the loop
is to be cycled.
It should be noted that counting may be positive or negative (in
general counting up will take place in QS17 and counting down in QS18)
and in terms of P5, Pjθ, Pj-j or Pjg, but that the specification of the
counting field will impose a restriction on the Next Instruction Source
of the D. 0. Instruction which, of course, acquires its normal signific
ance in this application. This restriction is unimportant in practice
except in the case of reproduction of subroutines into alternative delay
lines, an aspect which will concern only the DEUCE library organisers.
8.0

EXAMPLE OF USE OF INSTRUCTION MODIFIER

A detailed flow diagram is given below of a routine for storing
data on the magnetic drum. This illustrates four different types of
modification. The coding of the Destination 0 instructions is of in
terest thus:
213

is (8P1, 18 - 0, 1. 0, 0)

(shift)

22

is (6Plj 18 - 0,

(count)

227

is (10P1, 18 - 0, 1. 0, 0)

(assemble)

23

is (12P1∙l » 18 - 0, 1. 1, 1)

(transfer)

S,

0,

1)

It should be noted in this example that the use of QS17 has been
avoided in order that it can be used as a normal store in the calculation
if desired. All instructions of the routine have been confined to DL2 for
the sake of compactness.
The parameters Po, Hθ and N may be varied by coding 2θ, 2rj and 2∣2
as indicated.
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The notation adopted here is worthy of consideration. The speci
fication of the characteristic and the first four digits of the D.0. in
struction is an essential feature while an indication of the modification
effected is useful both for checking and understanding the flow diagram.
The first four digits are regarded as a single binary ,number ranging from
0 to 15 which is referred to by the symbol Y.
The following mnemonic scheme may appeal to prospective users.
Y

17 - 0, s

17 - 0, 1

0 - 3

÷px

+px

4 - 7

+px

+px+p22

8 - 11

+px

-px

12 - 15

÷px

^px ^ p22

<
f°γ 1θ ^ θ, revθrse a∙H
signs.

Px is determined by the position of Y within the appropriate range.
The successive values of Pχ within a range are P5, Pjθ, Pj-y, and Pjg. The
similarity with the relationship between minor cycles of long delay lines
and those of quadruple stores will be obvious to DEUCE programmers.
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EXAMPLE OP USE OF INSTRUCTION MODIFIER

(Cont)

To produce N numbers and store them consecutively on the Magnetic
Drum, starting at m.c.0 of track P0∕Hθ
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Fig. 1. POSITION OF AUTOMATIC INSTRUCTION MODIFYING
CHASSIS IN RELATION TO MAIN COMPUTER FRAMEWORK
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