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1~ INTRODUCTION

This Note describes the technique of progremming the TEUCE electronic
camputer, Two such machires*are in operation in Mathematical Services -
Department,

The original progremming menual (Ref,?2) was published in 1955, before
& machine was available, In it there was an account of how to write pro-
grams but no mention wes mede of techniques used in program testing and the
methods that can be used to simplify pro » These techniques, -
‘however, are important to all machine users and are not readily accessible
to begimners, Many of the methods now in gereral use, at R.A.E. and else- -
where, are of more recent date than the programming manual., It was therefare
decided to write a new manual, which was to be a comprehensive guide to all
machine users, especially begimmers, “ :

The Note consists of five parts, Part I contains all that is necessary
for efficient use of the machine's facilities in the sonstruction of programs,
Part I is concerned with program testing, . The techniques described were
mostly dewveloped at R,A,E. and are the result of much cooperative effort and
shared experience in Mathematiocal Serviges Department, Part IIT gives some
details of the library of programs and subroutines available far IEUCE, as
well as a list of recommended subroutines to perform standard operaticms,
Part IV is meant for the more advanced programmer. It contains sections
that deal with specialized topics » 8uch as interpretive programs, and also .
has a simplé introduction to logical design. Part V consists of exercises
for the beginner, although others nay learn scmething useful from the -
examples, = - - . : '

The text 8, t0 a large extent, based on a course given dy Mathematical
Services Department in May 1957, The order of presentatiom of the sub jects
in Part I is the result of experiment with this coursa, S o

Cne small point concerns the spelling of 'orogram', There is & rather
meaningless controversy about-this, some supporting 'program! while others
favour 'programme', The spelling adopted here was used for the EIBAG in
Cambridge in 1949, when there were no other machines, ¥We are therefore in
good company and the spelling has the virtue of English precedent-but really -
it is only a matter of personal taste, ' '

A word of explanation is needed for the long delay between the time of
writing of most of this Note amd its publication. The authors both left
R.AE, at the end of the summer of 1957, when most of the text was in manu-
Beript form, Their commitments elsewhere allowed little time for writing
the remaining sections until late 1958, By this time certain alterations
had been made to the TEUCE, which required a further revision of some
Bections of the text. Even now (early 1959) the exercises of Part V are
fewer than had originally been hoped end there is no index, For all these
delays and cmissions we beg our readers’ pardon, ' '

: Thanks are dus to many people, To our colleagues in Mathematical
Services Department, especially Mr, E.J. York and Mr, J.M, Watt, we owe
mich, Their comments and Buggestions, when followed, have improved the
presentation in meny places, Mr, J.M. Hahn, of Bristol Aircraft Company,
hes allowed us to copy Fig.1, 'A Sohematic Diagram of TEUCE®, :
Dr. 5.H. Hollingdale hag been patient with us ard supported our efforts
over a long and offen frustrating period, To all these persons we Bay
'thﬂﬂk :fml " - ' . . '

* Affectionately known as 'Gert' ang 'Daisy’.
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PART I  THE ESSENTTALS OF PROGRAMMING
———————— . M_ﬁ 1

I.1  Desaription of a computing machine

The funcltion of any computing machine, whether it is a simple desk
caleulator or an elsctronic high speed machineé, is to do epithmetic. Some
features that are essential and are common to all machines are:-

(1) A store |
(i1)  An arithmetic unit
(441) TInput and cutput me chanism,

The exaot nature of each of these requirements varies from machine to L

machine: for example, on a Brunsviga hand machine the store contains 3

. munbers, on DEUCE the tetal storage space is more than 8,500 numbers and on
the rewer (American) machines the capacity is several times this figure,

Similarly, input and output devieces vary from hand-switches and dials to

tape readers and punches, eta, ' IR -

, -As the speed of the arithmetic operations in increased it becomes
essential to store more mumbers inside the machine, - This allows stordge of
intermediate results and therefare a certain-speeding up of the caleulation,
If the speed of operations is increased still. further, very little of the
time of a caloulstion is spent in camputing’ and & ‘great deal of time is
taken up by the cperator in deciding what is to be done next, The high
speed of operation is completely lost if the operator takes as long to ,
decide on the next step as on a slow machine, One out of the diffioulty
iz to store the sequence of operations (the 'program') in the machine, The
selection of consecutive 'instructioms''is now dené by the maching 'and can
be accomplished at much the same rate as the arithmetie, Often it is very
much faster, It is necessary to allow the machine a oconditional choice of
next instruction upder certain circumstances - a murber may be positive or
negative and each case may require différent consideration, Such a choice -
is called a 'discrimination', ' ) o . -

_ It is desireble to make out the prografm in"a general way, i.e, the
program should be epplicable to a. ecaloulaticn independent of the figures in
the particular case, For example, the method of multiplying matrices does
not depend on the elements of the matrices, 'The program therefore is made
to refer to the locations in the store, where the required numbers will be
found, Every location in the store is given a unique 'address'. To specify
& number we give the address where the number is stored, We denote by "word"
the contents of any location, Just how mubers find their way into the stare

in the first place we must leave for the ‘moment,

For machines of the 'stored program' variety it is necessary to have
a 'control unit' in addition to requirements (1), (11) and (iii) givem
earller, The function of the control unit is to select instructions in ths
correct sequence and to initiate the operations required, -

‘The questions arise of how instructions are made up and how they are
Yo be stored in'the machine, Let us firat consider the mature of the instruo—
ticns. Every arithmetic operation must specify at least one ‘operand, and in
general two, and also where the result ia to be atored, This implies that in
generel three addresses must be given, two 'sources' end one 'destination',
‘A ocertain simplifiocation can be schieved if ome of the s is always in
& partiocular register (gemerally called the ‘acoumilator') end the result is
also placed in the same register, Only one address has to be stated now,
However, we must add an extre function, to transfer the oontents of the -
acoumuilator to other addresses in the store. All the basic functions of which

_5....
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the machine is capable are numbered (preferably systematically!) and every
instruction now specifies the requisite number of addresses and the
required funotion, And this gives the clue as to how instructions are
stored - they are kept as if they are mmbers., Of the digits that corres—
pond to an instruction some will be the function momber and some will be
an address (or addresses if several are to be given in every. instruction).

The choice of what functions are to be included in the machine's .
bagic set is one of design and veries from mechine to machine, Buffice it
to say that the user is never satisfied with the set supplied, Sometimes
engineering convenience is the dominant factor, at other times simplicity
of programming is purchased at the cost of much extra equipment, The
Tunctions on modern machines include addition, subtraction, multiplication,
division, shifts, comparison and transfer, Other operations can bé reduced
to combinations of these simple ones, . I ' '

Storage of instructions as numbers Suggests the possibility of dcing
arithmetic on instructions, This is indeed done snd is one of the strildng
features of automatic computing. Prequently operaticns are to be perfarmed
on each of a sequence of mumbers, Rather than store the instructions
required for dealing with each term we have them anly once and always edd
suffieient to the address part of the instructions to make them refer to
differént members in turn. On some machines there are facilities for -
automatic modification of instructions » on otherg it has to be programmed,
A furtler consequence of storing instructions in this way is that care must

always be taken that the control unit selects only actual instructions not
murbers, - : . : o o _

addresses amd to g0 through these in sequence, The other way, adopted on
DEUCE, is for each instruction to name its successor, The extra complica-
tion of this method is tolerated because, on machines like IEUCE, there can
be a great saving of time between operations, - . -

tost elestronic machines wark in the scale of 2, the binary scale.
This is purely for reasens of electronic convenience as the only digits
oceurring ere O and 1, and. it is very simple to represent one of two states.

The computer itself is used to convert numbers to and from the more
familiar decimal anale‘.' o : .

Machines can be clasaified into two groups, serial and parallel, In
the serial machine the digits of any word, appear one after the other, with
the least significant digit first, .Such machines often have delsy iine
storage, where words are stored as ‘trains of pulses which cireulate
indefinitely in delay lines, IEUCE is of this type. The delay line store
is the reason for the non-sequential type of instruction selsction -
instructions and mmmbers are placed so that they emerge from the delay line
at the right time, with as little waiting time as possible, In parallel
machines all the digits of a number are available at the same time and their
significance depende on their pesition in the rmunber, Parallel meachines
can be much faster than serial ones but require more equipment,

Modern machines generally have more than one type of stare attached
to them, a high-speed store, with very short access time to all wordas, and
& mich larger backing stare with longer acoess time, On IEUCE the high
speed store consists of mercury delay lines holding 402 words with a meocimm
access time of 1024u mee,’ and there is & magnetic drum, with a napacity of
8192 words, Ancess to a particular word takes sbout 13 m,geq, in general but
may be as long as 50 m, sea, : - o " '

* Binary arithmetic is diseussed in Apperdix 2.

-6 -



Techni~al Nete No, M.S, 38
l:l

..ﬁ.ll' of the foregoing has been quite gereral and a.pp'lia_ﬁ to all high
speed machines, In future we shall be concerned entirely with IEUCE, .

I.2 mm;&pﬁm of IEUCE

 IEUGE (Digital Electromie Universal Camputing Engine) is a machine -
bullt by the English Electric Co, Ltd., from designs used by N,P.L. for the

ACE Pilot Model (Automatio Computing Engine), The differences between TEUCE

and the ACE Pilot Model condern certain retionalizations of design and the
size of store, - o . : )

The machine is of the serial 4ype snd uses a system of ihstristions
which state one source, cne destination and the 'next instruction source’.
No function is stated in the instruction word, Instead, a rather curious
system of 'functional sourees' and 'functional destinations' is ased,
Basically, this means that certain locatims in the store have more than one
address attached to them anl these extra eddiesses allow the operations of
arithmetin to be performed, Just how this 1s done is desoribed in detail in

“the sucoeeding chapters, Bvery instruction specifies the one that is to

follow - this system causes sertain eamplicetions in programming but allows
greater speed of cperation, Buch a system has two addresses far operands
&nd one for the next instruction amd is often movmasa'? 4+ 1 address' cods,

There are two kinds of starage, The high speed store consists of
mercury delay lines and holds LO2 words in all, There are 12 long delay
lines holding 32 words each and some short lines, lmown as temporary stares,
which hold one, two and four words, The time talen for the contents of one
delay line to ciroculate is called a 'major nyole!, the time of one word is
& 'minor cycle', Theré are 32 minor cyoles in one major oycle. The words
are all’of the same length, 32 binary digits (about 10 demimal digits).
Words ere stored in the delay lines as a suncession of pulses of 1u sen

Auration, A minor eyole is therefore 32 seo and a major oyele is 1024 sec,

r

or just over i1msee, All operations are performed in the high speed store.

- The secondary storage is a magnetic drum which holds 8192 words,
disposed in 256 tracks of 32 words easch, The drum itself is a rapidly
rotating oylinder coated with magnetie material, There are 'reading heads'
and 'writing heads', to transfer infermetion tc and from the high speed
store. A whole trask is transferred with one instructicn, Aoccess to the
drum is much slower than to the high speed store.

Additional storage on magnetin tape is projected. This has virtually .
unlimited capacity, and transfer to and from the high speed store is more
rapid than with the drum, - Access time, however, may be mueh longer because
it may be necessary to search through the tape, ' D

- Input end ‘output are by means of sonventional Hollerith punched card
equipment, Cards may be read at a rate of 200 per minute and punched at
100 cards per minute. Results are printed on an ordinery tabulator - there
18 no printer attached to IBUCE, 6L colums of a cerd are used by IEUCE, -
which means that 24 words punched in binary can be read from one card,
Special comversicn routines are required to comvert decimally punched
information into the binary required by the machine and vice versa®,

(The “operation of the reader and punch s controlléd entirely by the

Egﬂr't::ug:c'mn.']' Extra ‘input and output deviees using 5-hole ‘ke-]:s;_:r-i_.nfar tape may

added, WNothing will be said here szbout such devices,

X

¥ Such routines already exist and oan be insorperated ':.n*l:q_pr_-_ug:-qm_a.' |

-7
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The console, at the froit of the machine , has a bewildering array of
keys and lights and two cathode ray monitar tubes, These tubes display the
contents of the temporary stores and any selected long delay line, Inspec-
tion of the monitors can give an indication of how a computation is pro-
ceeding and can be used when testing programs, The most important row of -
hand-ewitches is celled the Input Dynamicizer (I.D.) and can be used as an
extra input, ' One word can be stoared on the I.D, switches, There are two
rows of lights above the I.D, switches, The lower is sonnested to the I,D,
and shows which keys have been depressed, The upper row of lights is an
additional form of output, called the Output Steticizer (0.8.). One word
can be displayed on the 0,9, s. A further row of 13 lamps displays the
instruction (in atbreviatea that is about to be obeyed, These are
the Instruction Staticiszer lamps (I.8. lemps), Normally they are changing
too rapidly to be of any use, but can be very velusble when testing programs,

All the other keys are concerned, in some way or other, with facilities for
program testing and will bes described in Part II, - '

Physically, the IEUCE consists of a cabinet, roughly 10' x 8' x 6!,
which houses all the circuitry needed and has the conscle at one end, The
card reader is on the left of the console and the punch is on the operator's
right, The delay lines are kept in a thermostetically controlled mushroom-
shaped bin, away from the main body of the machine. The power units
essociated with the machine are also separate. Power consumption is about
8k and air-cooling of the frame is necessary. :

In IEUCE (most) instructions involve a transfer of a mumber in one
positicn in the store (the 'source') to somewhere else in the store (the
'destination’')., In gemerel the muwber in the source is unchanged, Every.
instruetion also specifies the address of the next instruction. This
arrangement gives a2 system kmown es a '3-- address code'®, -

It is not immediately obvious how moving mumbers from cne position
to another performs any useful operations, The trick is to associate '
several addresses with a particular storage position and then make each of
these addresses have a different function., As an example, one of the stores,
called TS 13, has three destinetions associated with it, D 13, D 25 amd
D 26, Bending a number to D 13 replaces the gontent of TS 13 by this
mumber, If the number is sent to D 25 it is added to ‘the rontent of TS 13
the sum is now stored in TS 13, Subtraction from TS 13 is done by =sending
the number to D 26, In this way it is possible to do arithmetie,

Some of the addresses used for scurces and destinations do not
earrespond to a pesit in the store but tc a part of the control unit,
An exsmple is D 27, which is the 'discriminator' that examines the sign of
& number and affects the choice of the next instruction. Source 27 does
not exist as a storage position, either, but always gives a word with a

P 1. The reader will notice that there is no connection between source 27
and destination 27, ° ' )

A complete list of sournes and destinations will be found in
Appendix 1. The schematic diagram of IEUCE (Fig,1) will also be found
helpful, _ _ '

We now sxamine the high speed store in some detail.

These are;-

% The DEUCE system ig sometimes referred to as & '2 + 1 address code',

- B =
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(i) 12 Delay Lines (IL) each holding 32 words, The IL's are mmbered
Ty veuy 12 and the minor oyeles of a DL are mmbered 0, vee, ¥, Ve write

Ay for minor oyele m of IL A, Only those minor eycles with the same muber
are available at the same time, '

- IL's 1, e, 8 are the only ones availsble direatly as next instruc-
tion saurces. . S : .

(11) ") Temparary Steres (TS), mmbered 13, 14, 15, 16. They eash hold
one word, which is available in every miner nycle, '

.{iii] 2 Quadruple Stores {Q’E’-}, QS 17 and QS 18: each holds four word s,
The minor oycles are murbered 1?13’ 1?1, 1?2, 'l'.f'-3 and 1Bﬂ’ 151-,. 182, 183;
minor oyele m is available at the ma;himﬂ as minor oyole 4r + m of &
DL, (see Appemiix 1), B e :

(4v) 3 Double Stares (IS), I8 19, 20, 21, with two wards in each. The
minor oyeles are written as 19y, 195, ete. (not 1955 191::. They are avail-

eble for nm@ufatim only with minor oycles of. same pardty,

Addresses 1, ..., 21 used as source or destination refer to the
appropriate store, The exact method of addressing & particular word in a
DL will be explained later fi.n_I.EJ‘ For the moment, we may assume that
there is a way of exeocuting an instruetion like

| 73-13,
which copies the content of 95 into T8 13,

In general, no confusion arises if we drop the letters DL, TS, @S,
I8. If necessary, the contents of A, are denoted by G(A,), Thus, c{9)
means 'the word in m,c, 3 of IL 9', G(14) is the word in TS 1k, ete. Quite
. often, one refers to 14, say, meaning G?’I.!..:I » - Saying 'Is 1k positive or ,
negative?' does not refer to the mmber 14, but to C(14). It is convenient
to write C'(n) to denote the contents of addresds n immediately after an
operation., On occasion, however, even this is sbbreviated to n'.

22y vesy 3, Their effects are different depending on whether they are used
85 saurce or destination, - The only cial sources and destinations that we

There are some extra addresses in the computer. These are 0,

- shall need for the moment sre:- - . .
- Bources 0, 23, ay, 27, 28, 29, 30, 3
and '

Destinations 25, 26, 27, 28, 29
Their e_r'ffaﬁ-ha- are:-

Bource 0: This is the input of the machine, All information that
passes from the external world into the ocomputer has to go through 8.0, If
the card reader is running 8,0, gives the ward carrespending to the contents

of the row just passing the reading brushes., Otherwise 8,0. takes the ward
an thl-_ I-n_.. H’H‘itﬂl’.ﬂﬂ. ¥ ’ .

Source 23 and Source 2l: are conmected to TS 1l . They give words which
sre respectively half end double C{14). The instruction

23 - 13 -
places 30(14) 4in T8 13, Similerly, .
: \ 2 =15 '
puts 20(14) into 78 15,

-9 a
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Because the machine works in binary notetion, multiplication and
division by 2 corresponds to, a bodily sghift of the ﬂ.lglf-E in a word, _
Sourees 23 and 2i give a shift down and shift up (of C(14)) respectively.
These shifts are correct erithmetio shiftg, Garﬂ is ‘necessary when
doubling & mumber: to avoid excteding capacity’

It is perfectly permissible to send a number from Euurnu 23 or E.h.
to ﬂaﬂti:mtlm 14, HNote that the effects of

23 = 14
e = b

2h - 14
23 = 1k

need not be the same, In the first case & digit is lost from the least
significant end, in the: second example we lose the most significant digit,

These are the ﬂ ¢ases in which the use of Sources 23 and 24 can affect
the content of TS 1L,

<" Sources 27, 28, 29, M, 3 all give special caibinations of digits.
8 27 15 a P 1 l L
S 20dsaP 17 'anilﬁn-hhin.i;alaa.
2913&.1"32
g 30 gl'li'EE a word c-::ns::.sting Ent:.rely of zervs,

L]

8 31 gives a word cunsistmg ertirely of ones
Thisia-P'l:J O

[ "l'-—"

The reasen for the ﬂh::—iua nf these umrbina:tiuns ‘r'l'l]l 'hac-::ma appamnt
in ﬂuu course,

27 - 13
puts & P1 into T8 13,
- 0 = 1,
clears T6 14

. Destinations 25 and 26 respectively add to TS 13 and subtrast from
8 13,

g'im G'(‘iE} - 5(15} - cﬁs}

[ El

Note that it is possible ‘to use 15 as e source m.th these
destinations, Thus -

O R . TR .
gives G'(13) = C(13) + Giu} = 2!1{13}
13 - 26
has the same effect as

30 - 13

...'1_{].—-
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Destinations 27 and 28 are the discriminators, which allow & choice
of next instructiom, |

D 27 examines the sign; (ﬁf:.ru ia.___a.. positiTe .mmﬂ:ﬂr}.

D 28 jhgﬂtﬂ for zero,

Examples are:
(1) 13 - 27
7/ \\_
c{13) > 0 c¢(13) <0
) -2
o) = G/“ - c(1s) $ 0

. These diseriminators allow one to use a particular loocp of instruc-
tions several times until some criterion is satisfied, The normal state
of the discriminators is 'off', i.e, positive for D 27, zero for D 28,  We
make the comvention in writing cut programs that the of f side is the left
hand branch, It is an additional safeguard to mark.the branches, as in

the examples, The two alternative instructions following a discrimination
mist be in consecutive minor cycles of the same TL,

This luaw"ea

Destination 29 This is the output organ of the machine, All
information from the machine to the external world has to go through D 29,

If the punch is running, the instruetion
A - 29

causes C{4) to be punched en a row of m:ﬂﬁ. If the punch is idle C(A) is
displayed on the 0,8, lamps, '

All the sources and destinations desoribed affect only ome word, of
32 binary digits, at a time, This sort of erithmetic is called 'single
length', : .

There are special facilities in IBUCE that allow %he transfer by one
instruction of more than one word. All the transfers illustrated above were
single transfers, It is possible to transfer two (consecutive) words or anmy
mumber up to 32*, When transferring more than two words certain extra condi-
tions have to be satisfied. These will all be explained in I,6, For
miltiple trensfers we write the number of minor cycles in brackets beside
the instruction, Examples of such long transfers are:-

- It-may-=soon he——pﬂﬂﬂihlﬂ——ta—t-mﬂiér—fnim&.

-4 =
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(1) | 12 - 1 {}2 m.c.) 5
which transfﬂra aJJ. the 52 words in DL 12 into IIEa 1

(2 ' 16-1?{1,::1:)
which puta C(16) into the four minar cycles of Q. s, 17. .

- (3 T e e (3 mael)”

which gives cu:u} = aft:{up)

(4) - ‘11 - 25 (32 mo.)
which gives €'(13) = 0(13) + c(11 } + c{111} + vae * 3{11}1) i,e, adds all
of IL 11 into T8 13, all numbers haing single length, Any carry ia lost,

The next section, I, 14., shuwa hﬁw ailrgple programs can be made up with
the apparatus mjla.'hla i o -

L.k Same simple

There are usually seversl ways of progremming a pra‘n]am, and of'ten
no single best way, The solutions given below should be as good as any the
reader can produce, .

(1) x=0(14), yv= 1_'3{151},' P&f {x'+ 3?} in’ 15,
- 13 or(13) =%, ¢'(1y) = x.
16225 C(13) =%X+y,  C(16) =y -
13-15 ©'(13) =x + ¥y, G’UE} =X +Y.
Hn’cine that if v = 0(13) is “nonzero, the! prug:l:-&m
e | 1#-25 u'(13}-w+x |
16 - 25 ©'(13) =W XY
1315 C'(15) swax 4y |

puts {W + X+ :r} into T8 15 and so gives an incorrect result, Hwer__ﬁm
that any starage location contains gero unléss this iz stated. '

(2) x=0(14), y= nh_E).“.P_uy_ (2y - x) in 13
E - 13 ¢'(13) =y,
15 -8 'c*{13) - 2-3-
- 26 G'(13) 52y - x,
If'w = 0(13) is not.zero, the program
14— 26 G'{;'Tj.}-_z.'hé' -x
16 = 25 ;:4!:(13} =W =X+ 27,

2 m,a,

i:gives the wrong result,

-12.-
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¢ x = C(14), ¥ =C(16), Put (2x = y) in 13,
2 - 13 C'{13) = 2x, C'(14) = x
16 ~ 26 Gr'“ﬁj =?_‘-L‘-u.:|"

The number in 14 is u.nd'm.ngari By the first instruction,
(1) x =Cl19,), ¥ =0(20,), Put (2x+y) in 1y
2'03-13 E'(']EIIJ = }1‘

M9 - 25 - 0Y13) =x + ¥

T [}
=7

19,-.25° © @'(13) = 2x + y
(ERER SRR HCW AP,
20, =13 ..
19, - 25 (2 m,e.)
EREREET
is moaningless. If 5 is the muber in 19, the instruction
19.« 25 (2 me,)

will sdd from 13 into 13 for two successive minor cyocles, one even and one
ld. Box and 3 will be added into 13 and the result will be (x 4 y + ).
It is impossible to add 2x in one instruction in this case,.

(5) | x = 0(14), Put 2x in 11,
2 = 14 |
(6) " x=c(iy). Put Bx in 14

2 = 14 (3 mee.)

At the end of ore minor cycle 2¢ has replaced x in 14, 8o in the second
minor cycle Lx replaces 2x, and 8x replapes Lx in the third minor cycle,

(7) x = O(1h), Put &/kc in 1
' h~13  0'(13) = x, c'{ﬂ_.;u =x
23 - 14 - C'(13) =::,  c'(14) = ¥x

2% - 25" G‘('l}:l' = 'Ti'x, | GT{“J-} = %I
13- 1 |

-~ 13 -
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(8) x =0(14)  Put |x| in 13,
[|%], the "modulus’ of x", means the positive mmber x if x is 'pusi-t-ih;' '
o the positive number -x if x is negative],

1 - 27 Test sign of x,
v/ \\'. | v
1 - 13 0 - 13 G'Eﬁ = 0,
-2 C'(13) = x,

(9) x = 0(19,), y= c:(19.3}. Put the greater into 21,.

192‘*13 ' G'E‘I?} = x
15}—25. C'13) =x - ¥.
13 - 27 ' Test sign of x - ¥,
. - .
19, - 215'/ 19, - 13
| S I

It is impossible to write the one imstruction

193'— 212

on the negative side of the diseriminatien, because a word cannot come out

of I8 19 in an ndd minar oyole and simultanecusly go into IB 21 in an even
minor cyole, )

(10)  x= G(“H.,.}, y = C{15), Put the numerically greater in 13;
e, if [x] 2 [y] put x in 13, if o < |¥] put ¥ in 13,
0-13 - ¢'(13) =0
14 - 27 Inspect sign of x
¢'(13) =x = | -2 4-2 0C'(13) = -x = |x
: ) / Now ﬁ*(“j:' = III
1 27 Inspect sign of Yo
T + - '
e'(13) = |x|-r = |x|-]¥] 15 -_Zé/ } - 25 - 6'(13) = |x|+y = |x|~]¥]
| . }3‘-. 27 Inspect uign of |x|-|¥|
+/\\_ .
1 = 13 15 - 13 :

Notice that it is x or ¥, not ].::| or |y|, which must be put in 13 at the
ﬂ]'ﬂ-_ . -

There is a sharter way of doing this example whex source 26 has been
explained; see I,13, '

Although the use of the multiplier will not be explained in full .
until I.12, more interesting examples cen be constructed if multiplication.-

is possible, So the following method of multiplying will be uséd for the
moment:

-1y -
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If x and y are the fractions to be miltiplied, put them in 14 and 16
and write MULT as an order, The product xy will be found in 24, The

nunbers in 1) and 16 are undisturbed, but the numbers in 13, 15, 21, and
21_5 nrq. loat, _ . o '
(1) - x=0(17,), ¥=0c(17,). Put xy in 17,
ATy =1 o1y) =x.
17, - 16 | G'{i-ﬁ)l = y. |
MOIE - L 0'(215) = xy.
24,-13  o'(13) =x.
13 -7, ©'(17,) = xy.
(12) " x = C(14). ualmﬂatu'x“i';a quickly as possible.

Multiplication is & slow process aampared with additien and subtraction, =o

the aim muist be to use as few multiplications as possibls, 5 miltiplica-
tions are necessary . -

Ay - 16 ~6(16) =:, ¢'(1y) = x
W eai) =x® |
2y =16 ﬂ!{15}."=,xz,_ C'(14) = x
MUL.T E'{E13) = x2 |
21, - U u_:i'(up}- =x?, 0'(16) = x2
Riuis of(215) = x5
"_E_f*i.z_ -16 06'(16) =x5, ©o'(1y) =3
WIr e'(21,) = x® '
2= e(1y) =xB, 0'(16) = 2O
Jwmr o er(2ry) =x'30
215~ 13 ¢'(13) =x'3,

Eu} r is an integer, Given'r = 0(15), r° = C(1€), put (r + 1) in.
15 and (r + 1) in 16 and panch.(r + 1)2; asoume that the punch is running, -
This oan be done without using the maltiplier because (r+1)2=212 4+ 2r 4 4;
in fact this is the quickest way. In any oase the method of multiplication
described above applies only to fractions, :

- 15 =
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16 - 43 c'(13) = r?

15 - 25 (2me.) ©07(13) =22 4 2r

27 - 25 C'(13) = r° + 2r + 1

13 - 16 01(16) = (r + 1)?

15 =~ 13 c'(13) =x

27 - 25 c'(13) =t + 1

13 - 15 C'(15) =xr.+ 1 )
16 - 29 - Punch C(16) = (v + 1)2

If the last instruction is made to lead back to the firat one , the
next time this string of instructions hes been obgyed (r + 2)2 will be in
16 and (r + 2) in 15; the following time (r + 3)< ard (r + 3) will be in
16 and 15 respestively, .

I.5 Loops and counting

One of the great advantages of digital computers is their speed of
operation, On IBUCE ebout 16,000 instructions could be obeyed in one
second, This is hardly an sdvantege if all 16,000 instruetions have to be
written out and punched separately, The speed of a digital computer can
only be utilised if it is poseible to obey a loop of instructions many
times and eventually to leave the loop. -

The decision whether or not to leave the loop will consist of a -
discrimination on some quantity which will be encountered each time round
the loep, What this quantity is depends entirely on the problem:, sometimes
it will be suggested by the form of the problem (see Example J below) ;
sometimes it will be a counter which goes up (or domn) in steps of 1 every
-time the loop is traversed, and this counter may or may not be used elsewhere
. in the loop - Examples 2 and 5 below give different uses of counters.

Example 1
Punch the squares of the numbers 1, 2, .,, 10 in binary,

' Example 13 of I.) gives a method b Ewhich, if rE and r are ﬁivan in
16 and 15, they can be replaced by (r + 1) and » + 1, and (r + 1)¢ punched,
So if taa last instruction leads straight back to the first the mubers
(r+ 1% (r+2)2, (r+ 32 and 50 on will be punched, What remains to be
~done is to arrange to start with the right value of r and to come out of
. the loop at the right time, _ |

N . It is a- Einﬂ. ﬁ&a in En&ml to arrange jhe method of lsawing
the Ioop before deoidin to s round it, because the initial

‘eon ons which hawe e se ore Ioop 1s entered may depend on
Fhat test is used at the end. The next example will show this more clearly,
ut this principle will be followed in all examples. :

After the sequence of instructioms piven in Bxample 13 of I.% 'l_mva
n cbeyed, 13 and 15 both contain (r + 1) and 16 contains (r + 2)2;

o 1)2 has Just been punched, Now suppose that the number 10 has been
red somewhere, say in 115.

- 16 -
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" Add the instructions

15 =26 T 0t(13) = (r + 1) - 10
13 . . 28
to those amlready given, with the ‘non-zero sids of the discrimination leading

to the 15 - 13 instruction, The zero side will be taken only when r + 1 = 10,
ie, 102 hum.tstbennpmdmd S

If the 16 - 13 :i.rmtr_‘:.m‘t:lim_ is preceded by
| 30~ 16
X - 15

we have arranged that r2 =0 and r = 0 initially, Therefare 12 will be
the firat mm‘har p;nnhaﬂ. '

Ths ounple-ha 'pmgra.m is:

10 =24 (Start punch)

o .-11'5_ ' C1{16) = ¢

o -5 ... eisieg

15 13— cr13) =0 Tk 9 16 B 36 b9 C 6l Bt .

15 =25 (2m6,) | ci(13) =0 3.8 45 A4 3B B 63 8

7 -

13 =16 | erpe)e 1 ke 16 25 3% lg .6y @ 100

15 -_1:._..,.'-- . : _n:-u'j]'.ln 1-,112. 3 4 s 6 7 3"__ g’

7 =25 - | _ S

13 =15 -~ | i:r.us;..'J 2. 3 4 5 & 7 8 3§ 19

16 - 291  puech B9 16 25 3% L 6 8 100

1" 2 | ewmeriey B

13 -8 | e(12) = =9 | 7 6 a5 W 3 2 Mg
™ - | e | Dack Dack Dask Back Back Back Baok Dask ' On

{Stop pumoh) _ .

(Thmu details, ﬂru 10 - 24 and 9 -~ 24 instructions and the X after the '
16 - 29 :I.nn‘l:mgtim have 'bqpn put-in tp make the example realistio, They are
a:q:lainudin113} e o _'

_ Thin MWE unnuiﬂ,uraihla flﬂxibﬂi‘hy. If ‘ﬂ.’ﬂ sql.m.raa of '!;hn '
integers up to 1 were wanted, the only modification necessary would be

to change the constant 10 itr 115 “to 1DDCI

r

x = 0(14), Caleculate ::-.'J13 in as few :.natmmiims &;.u.;pna;.siblu and place
it in 13,

- 17 =
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Suppose at some stage x* is in 16 and that x is never disturbed fram
14, Then the instructions _ :

21 3~ 16

replace x* by Ir+1_ These will be the basio instructions of our loep,

We must next decide how to get out of the loop, In the previocus
example we had & number r stored in 15 which ineressed by 1 each time round
the loop; a diserimination on v wae used to make the exit from the loop,
This time we do not have = convenient counter liké r already in use, =o one
Wwill have to be introduged, It turns out that it is a little more con-
venient to keep (13 - r), which goes down in.stepa of 1 until it reaches 0,
than r, which would go up in steps of 1 until it reashes 13, (The reader
might like to do this case as an exercise, ) ,. : .

i This couriber cannot be kept in 13, 15 or '212*'_ Esﬂma MULT disturbs i:ha
_eontents of these stores, so it will be kept in 195 Therefore, if 19,
“oontains (13 - r) ‘when 16 contains x*, we must change c(19,) to (12 - 1}

when we change G(16) to x™*1.. 8o the loop cansists of the instruecticns

WIT €
215 - 16 cr(46) = ¥+
19, - 13 e'(13) = 13 - o
27 - 26
13.. - 192 "n'{13'2)=r 12 - »
19, - 28
| |2 r'Out when ¥ = 12, G(16) = ¥ = x5
g ' .
215 - 13

We must ‘now arra::zg-e to én{:ar”'bhe 1::-np wi*thxr in 16 and (13 -'r) in
13, for whatever value of r we like to choose, It is simplest to put x in
167 so 12 must be put into 19,. :

As'in the last example, when the constant 10 was assumed to be stored
115',.1“ shall need to have a eonstant, How this constent gets into. the store .

is a question which often worries beginners; it cannot be satisfactorily
answered until the way in which the program ig ‘read in is explained in I,17,
but it can be said now that it gels into the store at the time the instruo-
tions are read in, SNl T :

Suppose -that the tonstint is stared in 1 1§+ The obvious choice of
ponstant seems to be 12, mo thet we add the two gnatru'nti_mﬂ.

Ak - 16 01(16) = x .
- . gr =
g =19, ©1(19,) =12

ythe head of ‘the loop, As we have to.calewlate x13 it would look tidier
he ogonstant 13 were used; but it locks as though four instructions



Tﬂﬂl’ﬂﬁ.ﬂﬂ.l Iiﬂt-ﬂ H'-.h H-En 3'5

1 - 16 C*(16) = x
1,g- 13 c'(13) =
27 - 26 c'(13) =
\1.3 - 19, | c'(19,)= 12
would have o 'be edded at the head of the loop.
 But E'I.'Ipl‘pﬂﬂﬂ we' have two inﬂtmchi&u
1 -16  ©'(16) =x
- ! 1 -
Tg 19, ©0'19) =13

efter which we enter the loop at its third instruetion, 19, - 13, Then 1

will be subtracted from the number 13 in 19, befare any mﬁltiplimtim is

" Writing the instructions in a different erder on the paper, but
obeying them in exactly the same order, we get the final form of the loop:

1 =16 c'(16) =

18-19, c'(1323= 13 o

19 =13 &—— ©'(13) =13 12 11 10 ,...... 2 1

27 -2

13 - 19, ¢'(19y=12 M 10 9 ... 1 O

19, - 28 '

- 4
inﬁ - _ On On On On | On  Jump

213 Tﬂ:’r_ ct(16) =:l:E o Jf.:5 RIS '

+—+~+215 -13 - c'(13) = x

There are E gamral points *nhic:h this example illustrates:-
(a) . The order in whinh the lnnp was constructed wes:
| f:l.]I Ee.aiﬂ orders: form =+ from x¥ 3

(i1) "Red-tape" orders: changing the counter and testing
-+ its value; v o - : _

(1441) Setting the initial conditions;
although in its final form of the loop this is not apparert,

- Hornl 'l’l'mn a lnrup is baing ﬂnnatrur:tad the programmer should k:eap tu
this order of working, _

-19 =
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(B) If the arrow lsading frem the 213 ~ 16 instruction to the 19, - 13
instruction had been taken one lj.m highsr to inulu;‘i; the 148 - 1-5'2. _' '_ |
instruction in the ?Loc;n;ltlrﬁ_nuﬂ:ﬂr.in '192; would be set at 13 every time
round the loop and so the logp would never be left, This mey seem a stupid
thing to do, but it illustrates one of the comuon mistales in programming.

" Moral: Do not :I.n-;:luﬂ.a. in “the locp oche or more of the instructions
whish set initial conditions. ' o

(e) | The three’ instructions
19, = 13
27 - %6
| A3 -9,
reduce- the counter, and the one instiuotion
19, - 28
fnllqédng then tests the counter, In fact, what the program, ﬂnﬁs'._ip _

Rﬂ auﬂ_ﬂ' Q El.lnt;
Te'a'l: .D:D'HI.I.?

4 Bor "
-

If, instead, the sequence had been
.,!I'ast_wtmtn
Reduce qount.

the ruault.wwlﬂ. ha.jr_u']::-rgmn_t-::: produce .,.xjf.* uniless +the constant in .11-3 WOTE

changed from 13 _'Eé_ 12, o
The blunder -of ‘going round a'locp one time too few or too many is

prebably the most oommon of all programming mistakes. : S

Moral: Begimmers (and athe.rﬂ_;'-_.wul& be well advieed always to use
the sequence - ' _ Co _ . S

Change sount
Test eount, .

':ﬂ} . The reader may m;uﬂer why the murber 13 was transferred from 1'1;5 to
13, befare being used for counting. There are two ressons of which the
second ie the more impartant, S L

 Pirstly, the sequence

27 = 26
13 = 115

tekes longer to obey than that used in the loop., The number 13 cannot be
stored in DS 19 when the program is being read in, but it can be stored in
a delay line, ' '

-. 20 -
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_ Becondly, in the loop given, the number in 1;g is pot disturbed. . Sa
if there is an outer loop leading back from the 21, - 13 instruction at tha

end of this inner loop to the 14 - 16 at its beginfling, leaving y in 14 thiw
time, the inner loop will produce ¥13 4n 13, If counting had taken place i¥
1,5 there would have begn‘ﬂ-:l.ryhsl_lthé second time the loop was started, apd

~1 when'thé test was first made; 'to get a correet result the second time,
an :.rmtm-:::‘tim in the outer loop would have to reset the number 13:in g
before the inner loop was re-entered, A section of program for which this

does not have to be done, such as the example given, is called "self-
resetting"”, B

Moral: Each section of a program should be made self-resetting
unless there is a pood resson to the contrary,

(e) No extra thought is needed to make this program calculate }:15' , BEY,
instead of x! 3._ All that needs medifying: is the parameter in 115. Compare
this with example 12 of I,4, which would have to be completely reprogrammed,
Of course this gain in flexibility is accompanied by a loss in speed; the

two usually go together, So do a saving in the muwiber of instructions and
& loss in speed, . ' :

Moral: Frograms should be made ﬂe:ible unless speed is essential,

(£)  The constant in 1, _ is n if ¥ is to be caloulated, If "Test count"
has preceded "Change aout " (see (4) above) it would have to be (n - 1),
The parameter n is much more likely to have been used in another part of the
program than the parameter (n - 1), - :

Moral: The parameters of a program should be the convenient ones,
Example 3

* Given x in’(16), and 10,27'% 15 193, sum the polynomial z~14
(10 4 0% 4 ... 4 1) and put the result in 15,  On IEUCE fractions are

normally regarded as having 30 binary digits below (to the left of) the
binary point and 2 bits sbove ‘the paint, The fraction 2~ will oonsist
of one digit only, the P":T digit., This digit is ®lways given by sourece 28,

T

-~ 'The method usged to sum the polynomial is that lmown as "nested

malti ation" end is r:.ﬁ:-norﬂ;r used ﬁn desk nw.cl;i,l':.l.rwa. Te evaluate

Cooad (10,271 x & 9,27M4) x 4 8,27M) x4 7.2774) |,,.) x + 1,27Th,
Suppoee at some stage we have

Sp = 10,271 T 4 g 27l 5T 4y (e 4 1) 270

in 14. 'CFhviEualy we need to end when r = 0

One step in the calculation consists of the multiplication of _
S. by x and the addition of r,2~14; +the result will be Sr—‘}'- We shall need

to keep a counter r. 2”1 say in 19,, and this counter will have to be
reduced by 2=k, o

The operative orders in the loop are:

= 21 -
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ML o0k =8, 6(16) = x, undisturbea -
.213_-13 __c'{1.3;u =?.1_x -
19, -.25 .'r:'{uf\_ =S x+1 2‘“*-:'3_1_-._1

3o o o) =8, -

.15'2 - .13 cr(13) =r 2k

28 - 26.. . Source 28 gives 151?.-,-' ie, 27M
13 =19, . C'(49,) = (r - 1) 21%

" We have now f&plﬁ?u:’!'ﬂ_r and r 2=k hyﬁ!r_,! and (:c'— 1) 2;1# |
-respectively, Work has finished when S, is obtained, so one further
instruetion. . = ., - . - -

19, - 28 -,

is needed to cloze the loop, The non-gero side leeds back t-t:a H.TIE.

Finally we set the initial conditions. There are two altermmtives-
here; either S,5 = 0 and 10,2~ 7% in 14 and 19, respectively, or . .
Sg = 10,27 and 5,271k i 1) ang 19, respectively. By a trick similar to
that in example 2 we can use the second ‘#lternétive and se save going round
the loop once campared with the first altermative,

We start with the instructions ~-
193 - 14 C'(14).
195 - 13 c'(13) = 10,2-14

=14 _
10.271% - g,

am

and enter the fl.ﬁnp at the 28 - 26 instructien, not at the MULT instruction,
- The full program is: = - :

195 - 1 Set 8¢ = 10,2714
195-13 - er(13) = 10,271k
28 - 2% €y ' S
13 - 19 e'(199)= 9,27 g2t 77 o4 O
J; _ N : ! L
x ° | . . ' .
Fr£ Gn ﬂt]‘ ﬂn' o R EEE ._Dn. . Jurl:lp'
215 - 13 C'(13) = ng B Bgx 57:: veass Bux
195 - 25 o
13 =1 - | e'(1y) = 85 8 8¢ ceeen 8y
19, = 13 ¢t(13) = g.274 .27l 7270 4 01k
=14 - 15 | ' c'(15) = 8n

- 22 -
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\ The reader should check that none of the morals of the previous
example sy of fended. - o :

As far as moral (e) is concemed, he may notice that changing the
number in 133 will give different approximations to the infinite series

=M (1 4 2x 33:2' ¥ Ux7 4 U e N C x)"? .
Example 4 .

Given ¢onstants a, b, € ana h in 1?1, 1?2, 1?3 and 179 resvectively

where a, b, and h are strictly positive, find the value of r (an integer)
such that x_ = rh gives the smellest value of Vp = axk - bx_+ @ Place

the corresponding values of x,, and Ty in 19, and 193 respectively, Assume
that numbers are within the capielity of the machine, '

If y = ot -bx + o, ¥y' = .'.|.a.x3 - b. The gradient is negative at
x = 0 and becomes O at a point where x is poeitive., The question does not
ask that this point should be found; what is wanted is that y should be
evaluated for x = 0, h, Zh, 3h .,.,. and the smallest y found,
The basic operations of the' loop will be:
Given X, = rh in some store

Evaluate Yy .

Test uignn:t" ¥p = yr_,‘

N

¥r.q 80d X, are required values, Replane xf—‘! by x..

Caloulate x
J r+1

Notice that x_, andy . ave both needed wntil the diserimination
‘has taken place,

The first diserimination mist be on yy - ¥, as the simplest method of
starting the caleulation is to set X, = 0, ¥5 = C and enter the loop at
"Caloulate x ",

. r+1 | -

We shall keep X and Yeoq in 192 and 195; X, will be stored in 16
when it has been ealeulated for use in forming ¥r

L]

The full program is:

- 23 =



loop should be mads, alt

1.6

» ;192 Fo =0
1?3-193 ¥y =C
19, - 3.6 =,
1T -25 | Xy +h=
13 -16 | x,
17 -1 &
MULT
21, - 14 ox_
ly = s,
MULT
21, =13 315
17, - 26
13 -1 | axd-b
MULL | |
215 = 13 a:'cga'nxr
175 - 25 ux‘;-'b:tr#G:r
197 - 26 )
13 -]-2? Ip = Yy g
1931 25
s - 13, g fr
16 - 19, X,

‘The instruction word

* Until this point we have written flow

e

- 24 -
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Set initiel oanditioms

 Galoulate x

Caleulate y..

Test aign of y. -

Y ret

Replace Tr-’i by j;'r'

Replace X g by. X

for

"In this u:mmpln it is y _ that determines whether thu u:it from the
hough Tre other variable x, is the . counter which
goes up in equal at-upu. T o ' _ }

withﬂut-

ering how they are fed into the machine or what the mechire does with
This section describes the form of the irlstmctinn used insiﬂa IEUCE
is not the same as that used so far,
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So far we have not considered where each instruction is stared when
writing flow diagrams, It is only when the flow diagram has been written
that the next stage allocation of starage positions for the instructions and
for constants can take place; and this is followed by the stage lmown as
"detailed ooding", in which instructions are written out in the exact form
in which they ere stared in the machine. The second stage allocation of
stores is an art in itself. An experisnced programmer will usually code a
loop of instructiens to take less time in operation than would an
inexperienced man: this is the art of "Optimum Programming" (I.10), often
{wrmgly] considered to be one of IEUCE'S chief snage by programmers used to
other machines, It cen only be learnt by practice when the methods of
detailed ecoding are familiar, so in this section we shall assume that

storage locations have already been allotted and that this has not been done
very well,

IEUCE'S word-length of 32 bits is rather shorter than that of more
modern machines, These often have a word of sbout 40 bits and pack 2
instructions into a word: because of its cumbersome order code IEUCE has
only one instruction in each word, :

A IEUCE instruction has eight things to specify:-
(i}_ Source
 (ii) Destination
{ﬁi) Minor eycle when transfer starts
(i"'i!"} Length of tranafer
(v) Delay line of next instructien
(vi) Minor qyele of next instruction
(vii) Whether the instruction is a stopper
(viii) Auxiliary staticizer
Source and destinetion
Then we.write the instruction 1, . - 26 we mean that the machine must

make a transfer from Scurce 1 to Destination 26, starting (and ending) in

minor eyele 15, In the detailed form of the IEUCE instruction the source
number will be 1 and the destination number 26,

Wait number

The designers of DEUCE might have denided that the transfer specified
by each instruction should always take place 2 minor cycles after the minor
oycle of the instruction®™. This would have meant that eny instruction _
referring to a mmber in 1,. would have to be stored in minor eycle 13, and
80 there could be only & suzh instruotions in the high-speed stare at any
one time, This would place an impossible burden on the programmer; so 5
bits in the instruction,the Wait Mumber, are provided to specify the minor
oycle in which transfer starts, The wait mumber is not just the number of
this minor eyele., The preciee form is described below,

H—

* This is'virtually what the designers of MOSATC did decide, as rather
different emasideratioma applied on their mashine. -
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Next Instruction Source (NIS) and Timing Number

: Soms machines expect the instructions to be stored in the sequence

in which they are written in the flow diagram so that instnictions generally
do not specify where their successors are stored; but on TEUCE every
instruction specifies the delay line and ‘the mindr oycle in which the next
instruction is stared, and a string of instructions obeyed consecutively may
be scattered through the store. ' ' Co .

Instruetions can go into the contyol of IBUCE to be cbeyed from delay
lines 1 to 8 enly, eo 3 binary digits are needsd to specif'y the Next
Iﬂim_ﬂi_gim = always abbreviated to NIS, NIS 4 to, 7 refer to'delay
lines 1 to 7 respectively and NIS 0 'is used for IL 8, In addition & 5-bit |
number, the T Number, specifies which'of the 32 wards in that délsy line
is the next inatrun on; but the timing number like the wait number is not
Just the number of the minor oycle of the next instruetion, = -
Characteristioe

e L

_ In I,3 the possibility of ons transfer going on for up to 32 mincr
cycles was mentioned, The length of the trensfer depends on the wait number,
the timing mumber and a 2-bit mmbep called the Characteristic; but
vhatever the value of +he characteristic, the wait mumber speoifies tha
first minor eycle of transfer and the timing number specifies the position
of the next instruction®, IEUCE like certain aborigines, distinguishes only
between one, two and many minor cyeles of transfer; the three cases are
called single transfer, double transfer and long transfer and the correspand-
ing wvalués of the characteristic are 0, 2 and 1, S :

Characteristio 3 at present has rather an odd effect ; it should

never be used because a proposal has been made to modify [EUCE and produce
& different result., - -

Co digi Lt

~ The most ‘significant bit of the word; ‘used as the sign digit of & .
mumber, is the'Go Digit of an instruction, Normally it is 1; but if if is
O the machine waits, just before obeying the instruction, until a pulse = .
ealled a "single-shot" is given, Then the instruetion is obeyed and normal
eperation contimes, - - '

The single-shot can be given from a-key on $he console: - thig -~
Facility is used when testing programs, It is also.given'by the reader or =
the punch whenever a row of a card comes into position, On the punch for -
dngtance the user makes the instructicn to. punch each row & "astopped®

fhstruotion by making the go digit O - he writes a cross after the instruo-
tion in the flow diagrem, e,g, :

16 - 29X

When this instruetion is reached the machine waits for a single-shot before -
BBeying it; as the next row of the.card comes into position under the :
wnh knives a eirouit in the punch supplies:the single-shot and the number _
16 is punched. The machine then goes on to obey the following instruc-
Eions at full speed, _ ' : T .

mﬂi E‘I::n.tin_iﬂa'r

This is used in Automatio Instrugtion Modification and is explained
mﬁ?- : )

*Bxoept, perhaps, in the oase of & discrimiration.
| -26 -
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Layout of instruction word

Representing each of the 32 digits by a 1, the instruction is laid
out as fellows: - : ' :

111 114 11114 11 11 1144 14141 1 1
A NIS 8 D - Ch - W J T G -

[ TS

Digit 4 Y Auxiliary staticizer: used in automatic
. : -+ modification of instructions (see I,9)

Digits'; 2- 4 : NIS, the Next Instructien Souroe
Digits 5- 9 : 8, " the Source

‘Digits 10-14 : D,  the Destinabion

Digits 15,16 : Ch, the Characteristie

Digits 17-21 : W, the Wait number

Digits 22-25 : J, the Joe digits (etymology unknown): not ueed
L in interpreting the instrustion; but se¢ I,8
for their use in cowting : '
Digits 26-30 : T, the Timing number - _
Digit 3 : - not used in interpreting the instruetion
Digit 32 :G,  the Go-aigit.

Weit and timing numbers

_ There is a fifth temporary store, TS Count, as well as TS 13 4o 16,
In operation it behaves very differently from them because instructions are
sent %o it to be obeyed; and they do not usually go to it as they would to
any other destination, but along & speecisl Next Tnstruction highway.
(Nothing can'be taken out of TS Count into the rest of the stare,)

If an instruction specifies that the next ome is stored in 1,

circuits allow one instruction to flow from IL 1 along this special highway
into TS Count during minor cycle 17, Miner eycle 18 is spent in setting-up
this instruetion, so.this minor cycle is known as the set-up minar cycle,
The earliest that this instruction can be dbeyed ia in minor cycle 19;

in this case the wait mumber is.0, If the transfer is not to start until
minor oycle 20 the wait number must be 1; if the machine is to wait two
miner cycles until minor eyele 21 the wait muber is made 2,

In general, if an instruction stored in minor cycle m is to be
cbeyed starting in minor cycle P, the wait mumber iz made (F - m - 2)
because, when the instruction is obeyed, the order of events is:.

m, g, m - “Instruction flows inte T8 Count

m.¢. m+ 1  Set-up minor oycle |

me.m+2] ' ' L

~to ¢ Wait for (F-1) « (m+2) +1 =F - m~ 2 minor cycles.
m.o, P - 1 | - : SO |
m.o, F - Instriction starts to be cbeyed,
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8o the wait nunber W is defined by
 WeF-m-2 (ma 32)
. Corversely F =m + W + 2 (mod 32)

(The words "mod 32" ‘are included because F, m and W mist all lie
between 0 and 31: they say that if a munber caleulated by one of thess

ralp.t‘.*;.ms is not in this range, 32 must be added.or subtracted until it
does,) | : : o ' '

, Exactly the same procedure holds when the timing number is being .
caleulated. If an instruetien in minor cle m is followed by one in miner
ceyele t, all the minor gyoles from (m + 2) to (£ - 1) inclusive are spent
waiting for the next instruction - the instruction may be obeyed during this
time - sc the timing number T is defined by ' : :

Tzt-m-2 (mod 32)
Comversely ¢ =m + T 4 2 (mod 32) -
The way in which the mechine obeys any instructicn is:

If the instruction N, 5-D, Oh, W, T is stared in minor oycle its
effect is to atart

There are three points still to be oonaidered:

(1) what happens when the wait mumber is greater .
than the timing nunber; - : B

(1) the exact effect of the ﬁlm.mutuﬂatiu,
(1i1) the effect of Aiscriminations,
Wait mumber pgrester than t g _mimber

Let ue code the thres instrudtions
| N
dag 24- 13~

] 28 - 2

w2 S

-:} q ~.l|.5 13 - E-' '
. B 1

leading to 5?. ' |

_ The instruction in {,;30 has wait number 1-30=2 = ‘I_{m:d}z}
and. timing nuiiber 3-30-2 = 3 (mod 32), Its detailed farm is

h, 2-13, 0, 1, 3, (This 8hows a property of instruetione in m,c, 30 -
the wait number is just the first minor aycle of tranafer and the'

timing number is just the minor oyele of the next instruction, This
~does not hold for instructions stored in any other minor n;fculq,-r} R

. ;, The instruction in i, can be obeysd at any time: it is usual to -
chey it as soon as pnaa:l‘.bla,} in m.e, 5 (m.o, 4 is the sef-up minor
cycle), The wait number is 5-3-2 = OF ‘The timing nunber is the same
because the next instruction’ is in m.c, 5, so the detailed form of the
instruction is 4, 28-25, 0, 0, 0, In minor cycle 5 the machine is
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simultanecusly obeying 28 - 25 and picking up the next ius‘h:'uctlnn it is -
quite capable of ﬂ.:ﬂ.ng thias, |
The. :I.nstm tion in k4. has wai't number 1-5-2 = 26 (mod 32) and ti.ming
munber 7-5-2 = 0 (mod 32), o its detailed form is 5,132,0,26,0, This time the
next imtmntinn becomes available (in m,o. 7) before the praﬂant one is
available in'm,c, 1; ~the fact that the wait rumber is greater than the

timing number is mtmatia of this. If the next instruction went into
TS Count in m,e, 7 it would cancel the setting-up of the instruction which

is still waiting to be obeyed. To prevent this, circuits in the control of
IEUCE prevent a new instruction from going into ‘8 LCount until the previous

one has started to be obeyed. In the present case the order of the opera-
tions will be: ' ' '

mo. 5 Instruction enters T8 Count’
-m. e. 6 Set-up minor eycle _
m.c, 7 Next instruction awvailable, not allowed into TS Count

e ow

m.c. 8,
o .-._._l‘i'i_'a._li_‘l:ingfhafum obeying instruction
me, 1. Transfer 13 - 2 caours

. ' |Waiting for next instruction

_m_._En.E i

m.e, 7 Next inﬂtmﬁtim Entu_rﬂ'.TE Count.

If the programer lies the rule-of-thumb T = £ - m - 2 {mod 32),

and thinks of the machine (not himself) as adding 32 to the' timing number

when this is necessary to make it larger than the wait mumber, he will ga'h
the right results,

Effa-::tl of the ﬂha:ra._o-herintir:

The example given above used only single trdnsfers, i,e, transfers for
one minor ¢ycls, so each instruction had characteristic 0, The operation of
the characteristic must now be explained, :

Glmranturiﬂt.!.n ﬂ' Einala T:rl.nlfar

The transfer -I:a.kea place ‘Por the one m:l.nnr-:ynla m,c. (m+1i'+2:l
thﬂmrhinstruﬂtimiapiukﬂdupinmn. {m+‘!+2) If"i'i":-Tthumauhine
waits for one major ecycle “'befur-e picking up the nex{'. instruction,

Characte Duu'ble 'I'ranafar :

. The t:rand‘ﬂr tales place for two minor uj'clus m.o (m+ W+ E) and
(m + W + 3); +the mext instruction is picked up in m.o, {m + T 4 2),
*» T the machine waits for one major cycle befrre picking up the mrb
inutruutim* notice that W =T is inul'l.ﬂ.aﬂ. in this case.
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Characteristic 1, Long Transfer

The tranafer -E.ta.rts. inmeo, (m+ W+ 2) and ends -in'ru.c. (m+ T4+ 2)
the minor oycle when the next instrueties is picked up. If L is the length
of transfer o ) o o o

Le(msT+2) =(m+Wt2) +9=T-Wa+1 (ma 32)
Conversely W = 7 - L + 1 (mod 32) : |

As with characteristic 0, ¥ > T causes the machine to wait for ome major
cycle before pleldng up the next instructien, '

Characteristic 3

The present effect of characteristic 3 is that of characteristic 1 ,
with the single exception that, when W = T, characteristic 3 causes a

transfer for 33 minor oycles and characteristic 1 caused a transfer for only
1 minor oyele, .

A proposed modification of IEUCE would make characteristic 35 &
quadruple transfer rather like double transfer; transfer would take place

in minor cycles (m + W + 2) to (m + W + 5) inclusive, As the present effect
of characteristic 3 is of no special value it should never be used,

Diserimination instructione

When the "off" side of a @isarimination is taken (positive for D 27,
zero for D 28, absence of TIL for 2 - 2,) the next instruction is taken
from minor cyele (m + T + 2) of delay line N; 80, When a diserimination
instruction is ceded, the next instruction is always taken as the one on
the "off" side, If the "on" side is taken, however, the next instructien
is taken from minor oyele (m .+ T 4 3) of delay line N, This 4s the reascn
for saying that the instructions on each side following a discriminatiom
bave to be stored in successive minor gyeles of the same delay line,
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Example
Code the following progrein:
> frp =
(3) | 509 18y - 12,,
W) | by 13 -15
(5) 14, - W5 =2
(6) | -8By 0 <17, X
A7) - Ty 18 =3,
(8) 3 18, = 27
B 4 } i
(9) 5. %6772, (2 mo.)
(10) 1 W0 (Bmed)
{11} Bg 19 = 25 (2 me.)
(13) 6y 17 -18 (4 m.c.)
(1) 25 10 - 25 (32 m.c.)
(15) 3 2 - 14 (5 m.c.)
(16) 544 21 =22 (4 me. e.n)
“7) By M =8  (32me.)
8

As a program for IEUCE this example is useless: its only cbject is to
demonstrate certain points in ecoding., The instructions have been mumbered
for reference in the section of commepts which follows the results,
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N, 8-D, Ch, W, T
(1) 55 conteins -E, 2-14, 0, 2, 7
(2) 647 " 5, 19- 7, 0, 6, 10
(3) 54 " 4 18-12, ©, 13, 13
) w, "1, 43-45, 0, o, 0
- (5) Ty, "0, 207226, 0, 1, 1
€ &, " 77 0-17, 0, .2,  3x
(M) 7, ." 3 18-19, 0, o, 5
(8) 3 " 5 18-z, o, o
-(9) 5 " 1, 9-21, .2, 27, 22
(10) 1, . 0, 6-17, 1, 4 6.
(1) 8. v 6, 19-25 2 0, 5
(12) 6, "o 6, 21 -7, 2, 2, 6
(13) 65y, " 2, 17 - 18, .'1', -6, 9
(14) 2, " -3, 10 - 25, 1, 3, 2
(15) 3, "5 -, 1, 3, 2
(16) 511 o, 21 -22, 1, 15, 18
(17) B4 " 0, M-8 1, 0, 3

In the comments which follow, the sequence in which the detailed
ooding is worked out will elways be the same: . : : o

B, D, Ch, N, T, W.
When the wait number has o be evaluated there ave fwo posaibilities:
(1) if characteristic =1 use W = T-Lt! (mod 32)

(i1) ntherwise, determine first minor cyole of transfer and -
use ¥ = F-n-2 (mod 52:'-

Bource 2, Destinatinn 14, Characteristic O, NIS,6 (this is the delay
line of the next instruction), Timing number 17-8-2 = 7. As 2 is a
L and 1l ra TS, the first minor oycle of tranafer is 12, and the wait
mumber 12-8-2 = 2, - o

{2) ‘Bource 19, Destination 7, Characteristic O, NIS,5, (Hereafter it
will usually be assumed that these are easy,) . Timing' number 29-17=-2 = 10,
%ﬁ-:fﬁ' is a IS and 7 a IL, it is-the suffix 25 to the IL ‘which gives ¥; Bo
Wiz 25-17-2 2 6. ' . 3 , o

3) T =12-29-2 = -19432 = 13 (mod 32), 18 is a @5, 12 is a IL so
7=42 and W = 12-29-2 = 19432 = 13 (mod 32), (The phrase (mod 32) will
b omitted in future,) . _ -
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T = 14-12=2 = 0, As both 13 and 15 are TS's this can-be cbeyed in
any minor gyecle; . conventionally we use the first possible miror agyels and
Pﬂ‘h“:ﬂ... ' o

N =0 as the rext instruction is 48 IL 8, T = 17-14=2.4 1, 20 is a
IS; D 26 behaves like a T8 (see Appendix 1); so we use the suffix 3,
meaning "any odd miner cycle", Comventicnally we use the first available
odd minor gycle so F = 17, W = 'ir?-1_l|.-2 = 1. o ¥

(6) T = 22-17-2 = 3, 8.0 behaves like a TS (see Appendix 1); 17 s a
@S; so0, using Appendix 1, P = 21 and W = 21-17-2 = 2, As the instruction
is a stopper, X is written after the timing number in the detailed .
When the instruction is being panched this indicates that the most signifi-
cant digit is not punched. - '

{?) T = EE“E-E-'E =I5_., F= ..?ih ..H.ﬂ W.= E#—EE-.-E = {,:.i_

(8) 7 =8-29-2 = -2532 = 9, beoause the next instruction is taken as 5,
the one on the off side of the discrimination, P = 31, so W = 31-29-2 =0,

(9) Ch =2, T=019-2=-10432'= 22, W= 6-9-2 = ~5+32 = 27, ' This
happens to have W » T. - In no way. does this affect the coding; - all that
occurs is that the machine ‘waits of its own accord for an extra major aycle
before picking up the next instruotien,’

(10) Ch=1, P =91-2=6, P=7, 800 ="71-2=14 Te oan, check that
the length of transfer L = 6-441 = 3, Notice that tHe instruction 659 1?3.% .

(3 m.e,) can be eoded cnly when the next instruction is also in minnr eycle

(1) Ch =2 T :16-9-2 =5, Since this instruction can be obeyed in any
peir of sucecessive minor oyoles we conventionally put ¥ = 0, . =~ .

(12). Oh =2, T = 24,-16-2 = 6, 21 is a DS, 17 is a 08, so using Appendix 1
F=2eadVe=2-16-2=2 '

(13) . Oh's4, T = 3-24-2 = -23:32'2'9, "The instruction 17 = 18.(4 myay) -
could be cbeyed in any four successive mincor -cyeles, but because Ch = 1,

the last minor oycle of transfer must be the miner aycle of the next instrue-
tion. (If the effect of characteriatic.3 is changed this will no longer be
mmam?.} We could count backwards from m,q,3 and 80.find F = 0,.but a
better method: is to use W = T-I41 = G-ls] =_E_ S

(1) Oh=1, T =73252 W=023241x=-2043 =3 Transfers for
J2 minor gycles are among the commonest long transfers; it is easy to see
that W =_‘I.'+"I in such cases, - o oL

(15) Ch=1. T =A1-7-2.272, ¥ = 2-51 = -2432 = %0, . This is an -

example of bad allonation of starage; if the next instruction were in
minor cycle 13 or a little later we should have W < T and a major ayele-
would not be wasated, Lo

(16) ©Ch =1, T = 31-11-2 = 18. The meaning of this instriction-is '
explained fully in‘I,10, What needs tg be gaid hore is that D 22:behaves .
like ‘a IB; “the letters "e,0." indicate that the instrustion must start to
be cbeyed in'an even minor cycle and must end in an cdd one, Of course;
because Ch = 1 the next instrustion must be in' an cdd ‘mindr oyels.. S

W= ABbtom 45, - O Y L e el s e R

(17) Oh =4, T =0-3-2 = -332.32 = 31, W = 31-3241 = 0, This is the’
most economical way of arranging a transfer for 32 minor oyoles,
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This instruction starts being cbeyed in m,c,1; in the following miner
gyele O the last word is transferred from IL 11 to DL 8, and, simultaneously
the next instruction ie taken from DL 8, This next instruction will be the
ote_just going into 8., not the one which iz just about to be wiped out,

Ehecking -

The reader who has worked through the #bove example is likely to have
Boecluded that detailed coding is a mechanical procese fraught with error.
He should then have concluded that the process must be checked, or better
s¥ill, avoided altogether, : . '

In TL.3 there is a description of a IEUCE program which is used to
wheck detailed coding done by hand; if this progrem is not used, the length

.of time spent removing all the errors in one's program is usually at least.
doubled, ' -.

However, the "Detailed Ooding Program", described in IV.1, is the
best solution to this problem, FPor this the instructions are punched in
decimal (not binary) in the order in which they occur in the flow diagram;
@nd only what is written on the flow diagram is punched - the user has to
o no arithmetic, The detailed coding program does all the arithmetic,
including ell the conversion from decimal to binary, and punches out the

gomplete program in binary in the form in which the user would have to panch
his detailed coding,

The reasons why the use of this p:rngfmﬁ is recommended in general,
but not to beginners, are two: the beginmer must know the farm of ths
instruction inside the machine instinctively if he is ever to test a program,

end also if he is going to make up a progrem in which instructions are
medified, '

L7 Subroutines

Much time and effort is wasted if the programmer has to start every .
Programming job from scratch,’ It is cbviously desirsble to be able to draw
on the results of the experience of others, In the first place, if we can
ingarporate a tested program in our own there is less chance of error,
Secondly, the complete program can be written more quickly,

These ideas lead to the concept of & 'subroutine’, This is a small
program to do a specifie job, such as evaluating sin », find a square root,
read or punch a decimal mumber, A fairly large library of subroutines, with
full instructions for their use, is available for IEUCE, A selection of
récomended subroutines is given in IIT, 3, ' -

To use a subroutine in a program of our mn-wa mist know where the
routine expects to find its data, which stores it uses as working space,
how mich epace it ococoupies in the high speed store, where its first instruo-

tion is and where we wish to re-enter our own program,

The last of these requirements is the only cne that presents any .
diffioulty. One possible way is to leave the NIS, and timing nurber blank
fn the last instruction of the library copy of the subroutine, In con-
siructing the program we should have to fill in these blanks to lead to the
rest of the program, The trouble with this method is that we need several .
copies of the subrdutine if we wish to perform the same operation several
times at different stages in the program, A very simple and elegant method
it %o plant an instruction at the end of the subroutine every time we use it.

!:gi‘a means that we need only one copy of the subroutine and one extra
i_ﬁ;[_‘tm::'cinn for every entry to the subroutine, Buch an instruction is
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called a. 'link!, In practice, wa: arrangé to place the link in a specified
store, usually &-T8, and the -sibroutine. itmelf plants the link.as {ts last

As we can do only one thing at a time, we can effect a further econonmy
of space by making every subroutine plant its link in the same plage, The
fact thai it is overwritten as soon &s we enter ancther subroutife does not
matter, as it has already seyved its'purposa, The standard mincr oyecle that
we use -ig 1 30+ Thia has the advantage that wait and timing umbers are ‘now
the mumbers“of the miner eycles referred to, '

Example

_ Read a positive number K from a card, Then read a succession of
rumbers a; and find the least n such that

=R 1
.Ea-i > K
2,,—' i

Punch out this n and also the sum,

The steps would be as follows: -

(1) Reaa X

(2) Read ay

(3) Pina |a]

() Pina |o,|?

(5) Aaa iﬂili’ to previous sum, i,e, 8' =. l-“i-ii + B

(6) Ts 8" >K? If no, increase.i and go to 2, otherwise go on

(7 Punch out 8

(8) lenh out n

(3)" Stop the machine. (Or better: return 4o 1, far a frosh K)
In the list of recommendsd subroutines we find RO1/ 3 (Wo, 228), whinh maa.unm

decimal mumber, PO1 (No,12) which punches e numbes ir decimal and FOL/1
(No.1%6) which will find a square root, We shall use R01/3 in IL. 2, P01 in

DL 3, FO4/1 in DLy, Our ecmplete program would be .as given below, page 36.

We use 19, for storing | n.1| %, 19z for counting the mumber of terms, . -
20 for staring 4K, We shall pub -K inte 19, at the beginning ami ada
successive- values of |a,|Z to this, -When a change of .sign ccours we have * |
read enough terms, = As the punch roirtine will deal only with fractions, we
caloulate n,10~9, i,e, instead of adding P4's'we stare the mimbes 1079 to'
30 b.p, and add this, ' -
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Clear 192, 15!5.

Link to 153

Reak K.

2

e a

-

Link to 15

Refd al

Ea'ilm'rﬁlﬁ

L!r.t to T8 14,

la,| elready 1n 25 13, as requires

Ierease oount.

(8} = 107

la,1* 0 m 13
Add previous =m,

IE2 =K >0 Ifne, store - K In 19 and read
next card, 2

If yes, add K, to give 5, -
Stors 14
Link to T8 13

Panch 8
Count to 18 14

Link to'T8 13

Punch eount

. Clsar D8 149 and r'ahl'_n to beginning,
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The complete program, the 'master routine', that we have had to
write takes 25 inatructions and can be placed in IL 1.

This program requires 5 links, which have been denoted by (1),...(5),
and the rumber 10™?, which has been dencted bty {a). The links themselves
would be the instructioms,

(12 1, 30 -13
(2): 1, 30 -13
(3): 1, 195 =13
(L): 1, 19, = 1k
(5): 1, 0 =19 (2 mo.),

with appropriate wait and timing numbers in each case, In the actual

program, of course, (1), ..., {5) would be replaced by their correct
addresses, so that the program starts

30 - 19 (2 m.c.)

1-13
225 R 01/3
13&: 0 - 153

L ]

It is usual practice to write the entry point to the subroutine on
the left and to write the address of the link in brackets by the acgtual
instruection, The above might therefore be written

0 - 19 (2 m.e.)
1‘?-- 13

2,8 R 01/3

if the link is stored in 1?. It iB_ﬂhﬂEﬂ a8 _i‘l‘ it is stored in minor eycle

30 end the wait and timing mumbers computed accordingly. One of the first
inatruoctions of the read subroutine is

‘1_'-:';-13‘L._'jl

which plants the link in 1300 The TS where it was previously kept is now

available for other purpeses. In general the link is no longer in this TS
at the end of the subroutine,

- 3] -
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Ooomsions arise when one subroutine requires the use of ancther
inside it. Such a subroutine is called a 'second order subroutine', It
cannot place its link in 1, because this would be overwritten by the link
of the inner subroutine {-t,&uh can be used elsewhere in its own .

We therefore plent the link in the next available plage, in 134, This idea

can maturally be extended to higher order subroutines, Gensrally, an mth
arder subroutine uges at least one (m-1) order subroutine in it and plants

Although IEUCE has a multiplier and divider we often use subroutines
to perform these operations, A very useful ome is A 12/1 (subroutine
No,222), which has three entry points, for miltiplication, divisién &nd
summation of series respectively, In ell cases it is first order, ?

I.8 ioa of in ions

The situation often arises that the same arithmetigel operations are
to be performéd on a sequence of wmumbers, Examples are the sutmation of
series end matrix maltiplication. There are. now two important requiremsnts,
to select the numbers in turn and to oount whether the operation has been
dons the desired mumber of times, Selsotion of numbers can be done in two
ways - either there iz a separete selection instruction for each number of
the sequence or we add some constant to the address of a basic selechion -
instruction to make it refer to.different mumbers in twrn, The latter

technique is preferedle, in general, because it saves much space and is
very flexible, Note, however, that it msy teke lomger than the other WaY .

The technique of instruotion medification is very important end we
ghall] now examine it in some Adetail,

Suppose, for example, that we wish to evaluate the power series
8(x) = nﬁ+a~|x+azx2+... *%*n
where the coefficients are stored in DI A, For simplicity, let us assume
they are in m.c,'s 0, .,,, n and that n < 32, A convenient econcmical
method {egopemical.dn the number of operations required) is that of nested
pultiplication, i,e,
8(x) = (oo o+ Jx+a Jx+ .. )xe+a,,
end we use this, If we define
S, = o 8and 5, = EI‘I+.1‘-1 faar = mn, n1, ..., 1,
it is evident that S5(x) =S _. ‘
The block flow diagrem of the summation would be
Set r = n
et 8) = a ( =8, initially)
<

Isr = OF

P

Yes '
(Bummation Replacd r by r-1
camplete) Find 8_ x
Add B g to p:-,nﬂuau'ﬁr;ﬂ
I '
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, Eﬂlr& we require the cn&:.t‘fii:ﬁiqntla,' a., in ﬁlrn. _IIf we have the
instruetion : S
o © kg - T4, (which pieks out a ) B |
the _gaait:&i of :&.ﬁ? {i'._a-. r.is 'ﬂia_nit .i'a.mnhur}wﬂl change this to |
. j&. S : '

to feteoh a,

2ero, which ocours when we have added Boe There is also the implicatien
that it may be advisable to store the basic instruection and add the modifica~
tion, rather than storing the modified instruetion, This is not entirely -
borne cut in practice, (especially on automatio modification - fo be: - -
described in I.9), as several later examples will shor, -

In the example, the modification would be dome Like this:
(1) - 13
{r) - 25
13 - B
Byt A- ik

where (I) and (r) as sources arve sbbreviations for the addresses where T
cand r are stored, This method needs a mincr u:,mlap’Ef a next instruction
IL, to store the modified instruction, ‘There is, however, a facility on
Mfwnwidingthin—mlﬁmﬂnnﬂ. o -

| Destination 0 is T8 Count, which has beén menticned earlier, What
iz sent to T8 Court is normally determined by the NIS, and timing number -

it 1= the place in the machine where an instruction is interpreted ana
executed, By sending an instructiom to I0 in the miner gycle when the next

(1) - 13
(r) - 25
13-Bm
QS [ - 14]

The Q stands for 'quasi' and we write this to show that the instruction is
obeyed as if it stood in minor cycle m, Frequently, as here, we write the
miner cycle number with the Destination O as well, As with links, it is
common practice to write - -

o [(B) ¢ A, - 1]

if the basic instruction is stared in B,. Normally we write the instruction
with square brackets,

To ._ul_m Destination O for modification it is essential that the
tranefer is still going on in the selection minor cyele of the next
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dnstruction, This is ensured by having W = T and Ch = 0, or by having

Ch = 1, Normally the WIS, is irrelevent in a transfer to DO and we leave
it blank®, | |

' Many programs use the instruction
ﬂ, 13-0, 0, ﬁ, 0

in 1,5, with the next instrustion Q- This is one of the most useful

Places for a modified instruction, as W is then the actusl minar oyele
number, The sequence

Tog ¢ 13- Oy

| _ e [ 1
is very comon, The modifying constant is placed in S 14,

of the few places in the IBUCE whers eddition is possible is required,
Sometimes this may not matter, on other occasions it necessitates many

'red tape' instructions to stare the -contents of TS 13'in’ 4 safe place. To
overcoms this difficulty to a certadn extent, the two quadruple stores,

QS 17 and Q3 18, behave quite differemtly in instructions sending information
to DO, Por example, the instructien '

17 -0

8dds a particular constant (depending on the NIS,) to the instruction befare
Obeying it end stores the modified instrustien, ' This method of sutomatic
instruction modification (abbreviated to A.I.M,) is deséribed in I,9.

_, A feature of automatic computetion 'is the loop ‘of instructions,
repeated until some particuler critericn is -satisfied, Most of the programs
given as examples up to fiow have made usé of this idea, It is ' :

lmportant to traverse the loop the carrect number of times, which leads to
the subject of counting,

Let it be =aid at once that this is where a large proportien of
mistakes arises. It is only too sasy to go round a loop one time too mamy -
or too few, It is generally best to count down., If the loop is to be done
n times, we start with n in some convenient store and reduce this by 1 every:
time. When the count has reached gero the loop hae been chbeyed the correct

number of times and is left, Great care must be teaken, though, to see that
the orders are exsouted as '

Reduce Count
Test Count
Dot as

. Test Count
Reduce Count,
(In the latter case the counting muber miet be (n-1) at the start,) When

tested the counting mumber in' 'ecunting down' is alweys equal {o the number
of times that the loop must still be done, = ' ' .

* But see I.9 for cases when the NIS, is :I.:'@-ar{:an{:, in automatic modifios-
tion. : ' .

..,U}-n_
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Counting can be done anywhere in the word, Convenient places are the
P1 and P17 poeition, because P1 and P17 are available as speeial sourges,
For automatic counting (I,9) the P5, P10 and P18 positiens may also be used
Just where we count depends on the problem, In the example given previously
the count is X P17, because it can then be used for modifying an instrus-
tion, If, on the other hand, we are merely counting how many times scmething
has happened there is ne reason for not using 1, _ -

It is, of course, possible to count upwards from sero, If the loop

is to be done n tdimes we increase the count, r, by one each time and test
either '

r-nor n-pr,

In this case r iz the number of times we have already been round the logp,
The comparison of n and r may be done simply bty using the 'not equivalent'
relation, deseribed in 1,412, An alternative method is to start with -n end’
‘ecunt upwards until a change of sign ocrurs, _

In all these methods n is 4 parameter that varies from program to
Program, Quite often, however, the case arises when a loop has always to be
done the same mmber of times, iAn example is the digit-by-digit method for
finding square roots, The loop is dome the same mumber of times, irrespec-
tive.of the size of the nunber -involved, ' In such cases we can sometimes use
& slightly different technigue, If the loop is to be done 32 times we can
Use a merker digit (a ‘a-ti-n'-hu'j, which starts at P1 and is shifted up by one
place every time, When the strobe diseppéars we have béen round the loop

32 times, This method is used in an example in I.14,

A very elegant methed that has the adventage that no diserimination
is needed to escape from the loop is the 'spill-over'. This uses the
'Joe-digits' (P22 - 25) in the instruetion word, These digits are insffec-
tive in an instruetien, They can, however, be used to propagate a carry
from the wait number to the timing number, thereby changing the selection
‘minor gyele of the next instruction, The'Joe digits® are normally written
in brackets between the wait ang timing mmberg, _ S

The fnllcrting is an exemple of the spill-over technique, It oomes
from an input program,

Exwmle 1 .

.123 =. o 125 .___?3_. 0(125;' = (1, 0-11, 0, 1, (15), 1, X)
—> 12? S 13 = C'Eg

Qg : [(125) :0-11X]
A — Spill

TR #8-2

11#: cens IQ...._.

The effeot 1s to obey the § 29 instructien in’such a way thit we £i11 m.oc, 's
0, 1, 2, ... in turn, When the instructien fills m,c,30 it is .

15 0 =11, 0, H, (15), 14, X

-4 =
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which is then modified to |
1, 0~ 1_1: 0, 0, (ﬂ)-_‘ 15, X ;

this £ills 1131 and takes 1{;_ m::titmtrm*him e m,e, later thn;.n befare, .

Note that the instruction is obeyed Qog- Escape from the loop ocours when

the walt number has become zero - if the last instruction is to refer to
m,2, 3, with & wait number of 0, it must be in m,e,29, '

It is often useful to have & constant Like
P17 and P22 .

available as a modifier. In this way we can cbtain a smll count in the
Joe digits, This pan also be done automatically, as described in I,O9,

It is possible to uss the gplll over techndque ]htuhuﬂn,-hyﬂﬂgp
tracting from the wait number, If the Joe digits are goro the timing .
mmber is reduced by one when the wait number 'goes negative', (In case
the timing nunber starts at gero it will be necessary to put a P¥ into
the instruction, teo avoid disturbing the go digit.) A further refinement
of this methed is to add ore to the wait mumber at the same time as -
decreasing the Joe digits by one: this can be achieved by subtracting ¥1.P17

29% 2y =13 2, (3, 5-29,0, 0, (10), 17 X)
108 ¢ 13 - O% . <
Q3 [254 : 3-29x]
349 ¢ 28 - 26 (3 mo,)
-}31.5 : -"

Example 3
In the same punch subroutine the instruction
o P19
is followed shortly sfter by
930 [26 = 3]

18 13 i® not disturbed between these instructime. Hore we add a suitable -
aoratant 400 el

3~ 15

to produce ,
26 - 3

=42 -
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The actual instructioms are:

1.0t 13 - 0

28 30
Q [3m' 15]
212 E A .

225 : 221',-25

gt 137 - 0y
Byp evs,
2,715 the ‘pseudo-instruction’ o
‘ 1, 23 -20, 3, 3, (15), 3, (1),
where the (1) represents the P31 digit. '

o Tn all the examples given the modified instruction has been nbeyed

13 -0

instruetion, This is not essential and many similar ir’:’.utmuﬁma ogecur,
such as . © :

1 ~ 0,
2.1 - ﬂ". !tul
Note thet with-21 - O we must speeify which minor ayole is sent to IO,

In the ‘whols of this seqtion the medifination and counting has been
done by program: Originally, this was the only method available on DEUCE.
The next section describes certain slterations that were made, late in 1957,
to the instructiems - - - . .

17-0 and 18- 0
to allow a certain amownt of autemstis medificabien and counting,

I.9 Avtomatic modification and counting.

The technique of modificatieon, described in the preceding section, is
probably the most important single advange in the recent histary of computing
devices, It is from this that much of the power of the meédern high speed
computer derives. When the Pilot ACE was first constructed no facilities
were ingluded for the autometic modifiestion of instructione and this course
was also followed by the English Eleotric Oo, in the first models of the
DBUCE. "After such machines had been in operation for several months it was
felt that modification was of such frequent ocourrence and general use that
extra facilities would be helpful, These would result in a general speeding
-up of programs because the (restricted) addition feeilities in IBUCE would te
left free for axrithmetio and would not be needed for modified instructions,

- L3 -
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effects, These alterations were made ‘to the TBUCE late in 1957. The new
facility is called "Automatic Instrugbion Modification', abbreviated to

We bhave seen in I.8 thit a frequent requirément in modification is
the addition of a P17, When numbers are to be uszed in pairs, e,g, in
double-length arithmetia (I.11), addition of a P18 is needed, Other
emstants that ere often needed are . : :

P17 + P22 op P15+PEE,_.

to achieve a amall couwnt in the Joe digits, To enable the IL's to be used
#8 a contimiously mubered store (Example 2 below) it is often desireble to
have P5 and P10 available for modifidation.: In I,16 we shall find & use
for the combination P5 4 P22, for transfers to and from succesaive tragks
on the drum, A1l of these constants are available with A,I,M,

Usually the NIS, aigits are irrelevant in'an instruetion sent to DO

and for this reason they aré aveilable ‘for use in a sense different frem the
normal ene, This is what has beén done with 4,1I.M,  Different combinaticns
of NIE, digits have the effect of 2dding different modifying constants,
The P1 digit, which is not used by other instructions, has also been passed
into service, as the awcilisry staticizer 'A', to widen the.scope of A,I.M,
by giving & greater variety of additive oconstants. Tt is also possible to
subtract the niodifiers instead -df - addins them,

- Oné extra facility supplied by the A.TLM, alteration is -autematic -
oaunting, For this, all of the previpus paraphernalia is. used in oonjung- -
tion with' the characteristio, We Ynow that it is ‘only when alr‘i;trai].sf‘dr'_ii:ﬂ'- :
10 happens in the m.o, when the next instruction is due to enter TS Oount -
thet we overrids: the nérmal -selection of instruetisng, A.I.M, uses thi- %W
adding a .constant ‘to Q817 or QS48 if the

17 - 0 Gr._'lB-_.ﬂ

instruction 1is for a Bingle miner ovole which is not the selection m,e, of
the next instrustiom™®,
. Up_to now nothing hee been said to imply that ¢S17 and Q818 behave
differertly with A.I,M, Acbually they do, In that additions in Q17 -
became subtractions in gS18 and vice versa. This means that Q818 is
normally used for oounting down, @817 for counting up,

' The table below gives :ﬁlﬂlﬂé.}nt.ﬂluﬁﬂ of the ‘modifying constants

that are used by A.I.M. under all poseible combinations of cont
digits, We use the symbol .'Y! for. the - four digits P1, P2, P3, Py,

* Programs of one of the mthﬁrn‘- wers, ﬂxdept;mél
** In normal ﬂiit':mstnmus,m-::h.'u t:ﬁnﬂar to DO dpew ngth:i.ng,
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Y {17-0,0 170, 1
0 +P5 | 4+P5
1 + P10 + P10
2 + P17 .+ P17
3 + P8 + P18
N + Py + P5 4 P22
5 + FM0 + P10 4 P22
6 + P17 + P17 + P22
7 + P18 + P18 + P22
8| +P5 . LP5
9 + P10 - P10
1041 +P17 | -P17
11 + P18 - P18
12 + P5 - P5 = P22
13 + P10 | - Plo - p22
1% + P17 | - P17 = P22
151" +P8 | -P18 - P22
I

Por Q918 all signs are reversed,

: The lower of the digits to be added ig determined solely by the

P1, P2 digits, as is obvicus from the table, If Ch = 0, i,e. no P15, the
other digits of Y have no effect. On the other hand, -if a P15 is present,
(Ch = 1), the presence of a P3 adds a P22 to the modifying constamt and s
Pl reverses the effect of the modification, '

. Th&ﬂ::ingmtmnmauﬂqiuthuﬂntmnrmnftha
transfer to 0, It is the modified instruction that is obeyed and also
stored in the appropriate Q8. Whén the modifier contains a P22 there is no
carry to this position from the lower order digits, Carry can occour between
sucoessive minor gycles,

The case of Ch = O is used for awtomatic counting., Here the NIS, will
have its normal effect (because the transfer has ceased befare the mext
instruction is presented to TS Count) and so there is a restriction ~ either

position, Counts on PS5 and. P10 are possible only with an even mmbered

ATMN. |
‘It should be noticed that the A.I.M, facility is the only one. in the
machine where ths number in the source 18 altered om being sent to a
déstination that is not related to it, . - -

The first example of I.8 can be Memd as follows nsing A I.M,



Technicel Note No, M.8,38

Example 1 |
ozt g -'ﬁr'1 001,5) = (1, 0~ 11, 0, 0, (15), 27 %)
1y ¢ (1) 17, - Opgs 1 Adds P17
Qg : [(1,2) ¢ 0 - 11 X]
29 25) |
I - Spdll
12? : RS

The original weit  nugber in the modified instruction is O, because it will
become 1 before it is cbeyed for the firest time, thereby correctly filling
in turn 11, '11:‘-', “eey 1'131\| ‘and leaving the loop on the last occasion.

The 17 - O instruction is in 156 8a that 1,5 can still be used for a 13 - 0
instruction, '.

Example 2 Exmmple 2 of 1,8 can be similarly shartened.

207 ¢ 29 =17, O(2p) = (3, 3= 29, 0, 12, (), 28, )
—2345 ¢ (6P1) 17, - 045 1 Adds P17 4+ P22

Qe [(2) = 3- 29 1]

315 H .'.....

' {¢32 m ] » I . i‘.l'l ] i men-a Th I...t
b roptaed by ()T K &0 gven dndo, Ays i, They are to

Assuming T

: (x) is nu.l&:lﬂaﬂ. by a first-order subroutine which has
the specificatieon

TS 13 T8 16
At entry = Link- | x
st exit  £(x) -

mr program might be as below, n :Lr;'l. in 155 at thﬂ u'_ti'rl.;-'.

/Exzample
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%19 * S21,22 = 18,2 (2 m0.)
}6‘28' {E_EJ JII32 - ﬂjﬂhi A Iﬁﬂﬂ! P‘.‘ITI'I:IG inatmn'l:i‘m-
' bef beying it,
G (G : & 6] e e
32'3 : 35 - 13 Place link
EEE H _
£(x)
11. *;. "[325)_': 153; ..- nj-,q_ L i\ H.'I.HI"H.B"; P47 from nﬁm‘bur
32,;; ' (10 71) 18, - -H;L Jra.ﬂ.ia H'}ta Lu.ﬁtmutit:-ll
| . lbafm-u obeying it
Qg * [{321,_} to13 0 - AL | |
'32L_: - _-"IBJ" - 28 ’ ' Test counter
Zero
3,  Exit

The comtente of 3,,, 3p, and 3, are
0(3,,) =(3,13-4,0,0, (0), 25) cbeyed Qg
0(3p) = (3,4 =16, 0, 51, (0), 23) cbeyed @y |
'3‘:325} = (3, 18 -~ 0, 'n, 3, (0), 26) obeyed 305 used s link,
There are some ﬁiﬂth t;: notice, -1 | ; |

fi} The two instructions that perform modifications have Y = 10, te add
P17, (T = 10, not -2, because the normal modification in Q8 18 is subtracted.)
(i) ‘The fetoh instruction, in 3,5, end the store instructiom, in 3045

‘are coled to have a wait mumber 1 less than is required to pick out the
first nusber, because the first modification occours before any numbers have
been used, -

(111) The link instructiem does ‘the oounting, We axe sble to count X P17,
as the NI8, = 3, !EheI_'“I? is subtracted in m.n, 3,

(iv) The master routine has been coded %o be placed at one end of IL 3, it
uses 3_19 and 321_23 only. _ : .

Example 4 The same as Bxample 3 without the restriction onm n, A possible
program follows, Again,niaiqiﬂjatmustm. -

- 47 -,
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18 301,22 = 18 p (2 me20)
S0 ¢ (10P1) 18, - 049, 1 <
QI_; [(3‘22J : ‘ﬁ'r - 16]
jm : 3‘23 = 13
2,8 | £(x)
. | n
3, (355 1% -0,0
zrs : (1021) 18, - 059, 1
Qg +[(35) © 13y - A]
' ! Spill | Spill on replacing -ﬁ-_gﬂ .
7 5 F "53{'i - 28y, - |
359 BTY 3 ¢ 39,3 = 18 5 (2 me)e!
B (8R1) 18, - 0,1 ‘ e
' ) ) Adds P5 to instrueti
([(359) (4 +1) - 18] s 72 to tnstmuction
T . .
32# : 16 -13
(91?1} 18, - 0,1 e
. ' thdds P10 to instruction
41 tﬁﬁzg RS (3 ) A

were 0(3,,) = (3, 13 - 1,0, 0, (15),16)  obeyed Q39
0(35) = (3, A= 16, 0, 31, (0), ) = cbeyed quy
035 = (3, 180, 0,3, (0), 26)  Fask; cheyed in 1 ES
C(3pg) = (3, 15 - 4,0, 0, (15), 16) obeyed Q,
0(35) = (3, &~ 16, 0, 31, (0), 20)  oveyea %

HPTES: (1) As far as thﬁ taa‘l; ina‘-h:'ua'l:iun in 3 aﬂrything ia as
InExample _‘5, (except for the plluﬁ.‘l‘lg of some inatragti

(41) The store instruction, in 3,,, has 15 .m the Jm ﬂigi‘hs
to. make use of upﬂl-m:- after A, has been ruplnueﬂ by £{x),

{111) The instructions in 3
In 23,30
J21,227  They will be changed to
_ 13-(.&.+1}a.uﬂ{£+1)—16'
rup:uti‘rulgr and then replaced in 329 30 In this way, if there are more

atamtmthunmuthm
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than 64 mumbers, the instructions will later become
13 = (&4 2) and (A + 2) - 16,

ete.

(iv) The instruction
| o 16 =13
in 321* is necessary because nthmiu a wrong number will be placed in

A+ 1, Thup:rynanqfthuhumﬂ:lﬁsdimtmntimsiatuddﬁmﬂﬁﬂtn
thm:-au:pentiwlr Thainatrnutimini - avelds eny harmful effects, If

the subroutine for £(x) required x inTE 13, instead of TS 16, 'bh:l.u
ina'h:'lwtimmlﬂ. not -be mecessary, - -

~ (v) "The coding of the instructiens fnlluwing 3, It is

nnntil.'l. mtthuhuw-ﬂiutmﬂimumubuyuﬂinmumtiwmin:m
cyeles; ‘as here,’ since this ie the way they are obeyed in the main loop,
Irthiuumumatmmm;alnmainm{a+1}hyﬂn;¢maimtmn-
tior does not: go back where it ceme from, Just when the two instructioms
mMilfﬂ:Jarimjurinlhutthurﬂimtahplnniﬂgnfthu |
in:huuiiminjzhmﬂ %authumtfﬂlwrrmthumdiﬂnd '

instructions. 1||':|.1=11L +iming muﬂ:un El:l and-16 respectively.

To ut_iu.:!r all these ruq.ﬂ.:mni:u can be something in the nu:h::-u
a jig-saw puzzle, As in Example 3 the instructiong have been placed quite -
m‘bl;r Wherever.possible the delay between instructions has been kept...

I.10 _gpti-.lg goding

_ The use of wait and timing nuambers to econtrol the actual execution
of an:instrugtion and !ulnurtim of its successor was explained in I.6
The wait mrisnﬁannm-m, because it is not always possible to
place the 1 mmﬂmmmu awvay from the instruection
calling for them, This means that the computer has to wait until the
minor c¢ycles asked for are available, It is cbvious that this wasted
walting time would be reduced if data were so disposed in the high-spesed
sbore . that punbers became available withas small a delay as possible,
Ha ,- this requires wvery careful planning,

_Apain, the time the computer waits hatwaan ius"-'mn'hiuns depends on
relative placing. Generally spesking, if, the timing nunbérs are
small the wasted time is small, This implies that it is necessary to place
instruetions in advantageous positions relative to each other if the full .
speed of the computer is to be realised. In I.6 we saw the conseguences
of having a timing number that was less than the wait mumber - the IBUCE .
e the next instruction can enter T8 Count,
ﬂlﬂumﬂmynﬂmﬁm but if this is done with every

iaﬂmnudfrmumﬂumatnhmt
m&(mnin = 0 in every instruction) to ..
mmnmﬂmm {1_31, = 30 everywhere). _This is, of
af extreme ocase but it does illustrate what could ha.ppm with’
campletely thoughtless ‘coding of instruotions. - |

_ ‘It is therefare reasonsble to lay down as a :pr:l.nniplu that whumwr
possible instructions should be -ooded in such a way that the waiting time
until actual execution is small (i,e, W small) and that the next instruction
emerges from its I .as soon as possible after the end of the operatiom,

a

:
:
;
g
ere
<%
ﬁ‘

"1}5’*



Technical Note No, M,S. 38

This procedure is known as 'optimum coding'., In general, if it is
necessary to deal with large quantities of numbers it is not.possible to
optimize both the instructions and the data without a completely :
wnéconcmic amount of effort by the programmer. T ' L

Usually, the optimum coding is dome only for instrustions, ' Bere,
also, the amount of time spent on the actual allocation of storage should
be commensurate with the expected use of the progrem, The places where
the technique pays the highest dividends are loops that are repeated many
times, TFor example, suppose that at the first attempt at coding a loop it
ie found that 3 major ¢ycles are nmecessary but that the last instruction
has a high timing muber, say T = 28. This means that 30 minor oycles are
wasted every time round the logp, By reallocation of the positions of some
instructions it may be possible te réduce the :total time of the loop to 2
major cycles. If this loop is the innermost. of a program this saving may be
quite significant, It is a matter of experience to recognise when such a
saving is possible, If the excess over a whole rumber of major cycles is
emall, say 3 or 4 m.c.'s at most, it is almost always possible.to save these
by recoding. It is certainly worth trying, - On the other hand, this loss of
time may not matter, that evem if the minor cycles could be -saved there -
would be no overell saving in time, As an example, the punch ellows 116
major cycles of computing time between successive cards, If the neces sary
caloulation can be done in this time it may be possible to keep the punch
running contimuously, Shortening the time of the caleowlation would be no
use, as the time saved would merely lengthen the time IEUCE waits for the
-next card to reach the punching kmives, If this hypothetisal caleulation
took just over the 116 major cycles allowed between cards, it would be
necessary to stop the punch betwsen cards, thereby halving its speed. In

this instance some reprogramming might save considerable time,

When a program i1s being coded, the normal procedure iz to tackle
first those sections that are cbeyed most frequently, Any. saving in :
machine time that results from optimum programming here is most noticeable,
We then work outwards to the less frequent loops, until we reach the master
program, when there is gemerally little need for great repidity. If it is
possible to optimize this as well as all other sections so much the better’
but this is the least important part - as far as totel machine time is - -
- concerned, Subroutines are normally optimum coded, as these are frequently
used sections of programs, : i . )

Optimizing a subroutine may be quite & tricky operation, as thére are
often gonflicting requirements, The routine is to be fast, yet its '
instructions should be packed into a limited number of DL's, not dotted all
over the store. If may even be necessary to pack the insfructions compactly
into severdl consecutive m.¢.'s of ome DL, for example entirely within '
m.e.'s 16 - 31, so that it may be used in the same IL as another subroutine
occupying the other miner oycles, S '

There are many operations on DEUCE that are autenomcus, in the sense
that once started the machine is free to perfarm other duties, These are
miltiplication and division, reading and punching cards, ‘and transfers of
information to and frem the megnetic drum, All of these operations are:
camperatively lengthy, Optimum coding can seve much time here., If at.all
possible the instruectiem should be coded so that many succeeding instruc-
tions can be cbeyed before the autonomous one is complete, TFor example, -
it is common to anticipate a transfer from the drum to the high speed store,
80 that the infarmation is already available when required, S
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The whole axrt of optimm coding, and the necessity for it, is often
held up as a drawback of the IEUCE®, Actually, it is not nearly as bad as
is suggested by those accustomed to other computers (see Ref,11). It is not
difficult to write programs that are 'nearly cptimum' at the first attempt,
Like other things it is less fearsome when familiar snd familiarity only
comes with pragtice in programming,

1,11 The double-length ascumilator

_ . Any digital computer, whether a desk machine working in decimel or -a’
large ewtomatic machine working in binary which multiplies together two
numbers with n digits will need a register with 2n digits to take the -
product; . and this register will need facilities for addition so that the
multiplication can tale place. '-This is the immédiate reason why IEUCE has
an acourmlatar, DS 21, which holds -6} binary digits as well ag the shert
accumlatar, TS 13; however IS 21 has facilities for subtraction and
shifting ‘as well as for addition, -

The use of TS 13 far addition and subtraction of numbers was

. explained in I,3, In this section destinations 22 and 23 and source 22
‘will be used for addition, subtraction and shifting in DS 21, However the
double-length scoumilator is not gquite as simple to use as the short
ecoumilator, TS 13, : : ' :

 The result of any operation using 5.22, D.22 or D,23 may depend on -
the stete of an electronic trigger called TUB: source 2|1 and destination
21, as dlresdy explained, act in the same way as the squrce and destination
of any other mercury store, sand their behaviour is uneffected by the state
of TOB, TCB cen be "off" or "on", Its usual state is off - in facgt all
subroutines assume that TCB is of f when they are entered and they should all
leave it of f at exit. '

. 0B is put off by the instruction L - 2 and is put on by the
instruction.5 - 24, These come -in the specisl class of instructions with
destination 2 Jmown as "Destination Triggers", which are fully explained
in I.14. All that needs to be said now is that the source numbers L ﬂ-‘tﬂ ._
5 do not refer to the corresponding delay liné when the destination is 24,
The machine realises this and switehes TCB accordingly. '

When TCB is off the number is treated as one long 6l~bit mumber,
so the operations of addition, subtraction and shifting must cause a carry
from the less uiggifiuu:rh half of the mmber (in 21,) into the more signifi-
cant half (in 21 When TCB iz on. the two halves “of DS 21 they are
treated as te :32<bit mmbers and there can be no carry from one half
to the other. - This means that there will be no carry from 214 inte 21,,
whatever the state of TOB, and there can only be carry from 21, into 214
when TCB- is off, =~ S -

Operations in 215
. The state of TOB does not affect these Operations.
Ml!_l 95 - 2-‘:3 -ﬂ'(-"ﬁj) = 0(5'5). whether Tﬂﬂis qu_:l;‘_nr on,
Examplo 2 9 - 2, ﬂ'_(ﬂ'l}J = G(213) + G(BEL whether TCB is off or on,

Example 3 - 95 - 235  ©'(21,;) = ¢(21,) - 0(9;) whether TCB is off or om,

% It is also used as a selling point in favour of the machine - 'Optimum
coding,' has a fine wverbal flourish about it,

=51 -
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Example 4 225 - 21, G'{E‘Iﬁ;_-&t‘,}(ﬂ) whether TCB is off or om.
Thiaisaahlftdmmctlylmzj-14. |

Bample 5 22; - 9

5 c*{g ) u'&G{E‘!E] whether TCE is off or on,

The m.tni:-ara in 21, and ._‘!1} are unaffected,

Example 6 2y - 22, u'{ag)-a::(zﬂi) whether TCB is off or on,

Shifting up in 21 is dome by additien, just like
15~ 25.

Not one of these npantimaq'ﬁfﬁutﬁ the number in 21,
Double-length operaticns in 21

TﬂBi-nIfinaJlthafollmingu:amPlasbmauuthanuﬂwrﬂinH
are all double-length,

Brample 7 9, - 212:3' c'(zﬂ =0'(9,), o*(21,) = c'(g,).

(2 m.n.) Of course thie result is also trus if TCB is on,
Example 8 9 c'(21) = c(21) + c(9
J*JE ’,3 1""_15
(2 moe.) Double-length addition.
Example 9 232 5 C'(21) =c(21) - o(9
) r
fﬂ m.o Deuble-length subtraction,

Bemple 10 22, 5 - 9, 5 0'(5, o) =30(21).

(2 m.e,) Dmﬂ:le;—length shift down, This is like 8,23;
the shift is correotly signed and is tnmatad
The mu:l:&r in 21 is mmffﬂr:.tuﬂ

Example 11 22 - 21 c'(21) = 27 9(21;

(2n m.e,, e.0.) The letters (e.o0.) mean *transfer starts in an
even minor cycle and ends in en odd one", Of
gourse, 2n € 32, This iz just 1ike 23 - 14
(n m.ﬂ.] Unless n = 1 charagteristic 1 must be
used, The next instruction will then have to be
in en odd minor cyecle.

Bxample 12 29 - 22 c'(21) = 2 o(21), Of course, 2n < 32, Shift-
(n m.e., e.0,) ing uwp is dore by addition just like 1% - 25
(n m,e.). Unless n = 1 characteristis 1 must be
used, The next instruction will then have to be
inanﬂgminnr'ayﬂla

Example 13 20 - 22 ct(21) = c(21) + ¢(20), As in 2ll of examples
(2 m.0., 8,0.) 7-12 it is essential that transfer ends in an
odd minor oysle, The instruction

20 -22

(2 m.c., oc.e) may well give the wrong result. The reason is
explained in Example 26 . :

- 52 -
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Operations in 21, _ _ _
Example 14 g# - 212, 'ﬂ'{.ﬁz) = 0(9 ), wh&thei*-f!‘.‘ﬂ.‘ﬂ is off or nn.l
Of oourse, 0'(215) = E(E:_}). |

Example 15 9, - 22, C'(21,) = c(21 )--} c{9 h}’ whether TCB is off or on.

But u'_{215) - u(m } if TCB 1is onm,
only. mhﬂﬂ TOB is off.

Example 16 - 9, - 23, u'tmﬂ} = 0(21,) - ::(9 }, whether TOB is off or on,

But u'{m3) -0{21}) if TCB is om,
| - mlyﬂbeifiﬂﬂiunff

Exsmple 17 -22, - ‘9, ﬂ'{ﬂg = &0(312) Af TCB is on,
mlyEIhalfTEEiHﬂff -
The numbers in .'!12 nrﬂ 213 are mm,ffautad whabuwr

the state of TOH,

Example 18 21, - 22, C' {212) = ﬂ](ﬁz},hﬂhuthnr TCB is off or on,

But C'(21,) = o(21,) .if 0B is o,
| only may be ir 70B 18 orf,

It will be seen that destinations 22 and 23 can a.].‘l'fﬂ;i"ﬂ be used for
addition and subtraction in 21, with TOB on, and they can also be used with

m#rﬂmwaﬂummmmu contert of 21-_.__. -
| Operetions in 21, with TCB off mst be explained further.. . .

Bmmle 19 . 4 -2 7B off
}1,-21{2mn} “Ehun“in’hnthhnlwanf?l

!ﬂiﬂinnffmﬂ.thuﬂmhle-lnngthintdgardhplwudinrﬂm The
_intugur‘Iili&dqﬂ to the least significant half of 21, so the result ocught
'..‘tn'b-auﬂd:q 2-::1213 Thiummmthtmxyfrmﬁatnﬂjmthu
Example 20 . 4 -2 TO0B off

0 -2y 0tely
3 - 22, Add "omes" to 21,.
. TCB is off, This time we place the double-length integer 1 in 24
and add " n“tnE‘: Ifn;]uatnllnrmmfrmm taEtjthuruault

is & Py in 215, i.e, 252 whereas we should Like the result tq be O, ~ The
addition has been 1+(232-1) =232

 met 1+ (-1) =0.
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DEUCE dces get the result O, but to do this it has to treat the
muber added as -1, not as 2°< -1, The method used when adding a number '
into 212_Irith TCB off is to allow g_a_r_z_';[frmﬂz into 213 to add &

number into 213 which is 32 copies of the sign digit of the number added -
all zeros or all ones,

¥hen & number is subtracted from 212 with TCE off carry isz allowed
frem 21, into 213 and a mumber is subtracted from 21, - this murber is
again 32 ocopies of the sign digit of the number subtracted from 21,.

What IEUCE does, in effect, is to extend the single-length number
being added or subtracted to double-length by copying the sign digit,
In example 19, 10,0..,00 is extended by 00..,00 so that it-is the double-
length muber 1 which ig being added; in example 20, 111,...11 is extended

Ey 11...11 8o that the double-length number -1 is added and the result is

Example 21 L= 2 TCB off
2 - 21 (2me.) Oin 21, and 21,
27 = 2}2 Subtract ].’.'_,I fram 21 2

100,,.00 is externded by 00,, .tlj to becore a double-length number and

subtracted from 0, The result is the double-length number 1.1, 11,..11,
il"t _1-- -

Examrle 22 L= 24 TCE off
| 3 - 21 (2 m.e.) Din212anﬂ.213
M - 23, Subtract "ones' from 21,.

111.;;11 is extended by 11,...11 and the resulting double-length
number is subtracted from 0, giving 100,.00, 00.,00, i,e, +1,

Bxample 23 b -2 ICB off
- | 25' - 232-
+ 00,,,001 is u'r’r:runﬂa&'br 11.....11 and the ﬂm:bla-iength number i
subtracted from the number already in 21, This is equivalent to adding the

double~length number 00,,001, 00,,,00, The instruction appears to subtract
"PEIE from 21,, but in faet it adds sz to 21,, s0 rounding of f the double-

length number in 21 to single-length. This instruction is very common at
‘the end of multiplication subroutines,

Example 21 4 =2, TICB off
29 = -2221
” The oonverse effect to the previous example: Py, is subtracted fram
2 :
Example 25 b - 24,  TCB off

21, - 23,

The second instruction sibtracte 0(21,) from (21,) and lsaves in
212. Also, if the muber in 215 hed & F3a, ?—Eﬂ is subtracted from 21 %

- 5l -
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'hu‘tifthurnmilurmﬂ hnﬂin;E 0 is mmmaﬁmmj Thu total

effect.is to olear. 215 a.rﬂf te round off ‘the double-length mumber in 21 in a
8ingla inatn‘un‘l:lﬂ:l. )

Example 26
As elready sxplained, =
ol - 2
20 - 22 (2 n'.n..qr.m}
is tha gnmraut :uthna of uﬂﬂing 0(20) ta 21,
‘I'hn !.nu'bmctinn.ﬂ
4 - 24
| 20 -EEI{Em,u.,ﬂE}-
use dostination 22 ending in an even minor oyols; so IEUCE goes bhrough
the same procedure of extending the mrhurn&ﬂad.inﬁtu mnm:l.tmr cycle
to double-length, This g;l:ru an ingerrect rumlt
-, .The. same is also true i'E destination Ejiuuud.
Example 27 5 = 2:,, 7CB on
| 22 = 9, -

igc{:azj is put into 9 ; neither half of 21 is affected, The shift
is a carrectly’ signéd arithmetical shift - the Py diglt of €'(9,) is the
Pap digit of 0(215) and the Pyp digit of u'::ghj is the same - and the P,
digit of 0(212) is truncated, - -

Example 28 #-._24 708 o
...9#

. Thﬂaﬂfhumhmﬁpuﬁmum;lainiuth? digit
ura{g} Itinnwu.nnwnfthar ﬂigitatc(213) Itiadiﬂinlﬂ.t
huulnrnppliuaﬁmﬂfthilq N

Bxample 29. k- 2% B off

22 - 21,
(n m,e., e,0,) -

is the correct method of shifting down n places;
b= 2y
22 - 21 (2n m,e,, n.8.)

o(21) = 2‘“,.u{21}+ n s 16

is inoorrect.
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For instance, if n = 1 and the digits in 21 are numbered 1, 2,.,,31,3%
33, 3,...63, 6, | i T

b~ 2% |
22 ~ 24 (2 m,c., 'e,0,)

gives the correct result 2, 3,...32, 33;. 34, 35,...64, 6l; whereas
| b - 2 o

| 20 - 21 (2 m.c.,. o.e.)
gives the result 2, 3,...32, 3 B 35,....64, 6.
Example 30 |

The instruction

223 - E’I,3

gives a truncated shift of one place, whatever the state of TCB. To get a
romded shift, call the mumber in 213 the integer & + Zb, where a is the
least significant digit; & = 0 or 1. A rounded shift should give a + b;
the truncated shift gives b from source 223 The instruection

o 22523 -
gives (l:_+ b) in 21, a8 :-ugi:ind (whatever the state of TCB),
Similarly _ |

| 22 - 23 (2 m,c,, ©,0.) with TCB off.
giwi a rounded shift of the double-length mumber in 215 and
22, - 23, with T0B uﬁ_ :

gives a rounded shif't of the number in 21,

Example 31 c(15) = r Py, where r € 32,

15 16,77 21, 5 (2me.) [1, 9-16, 0,0,27 and 1, 16-9,0,0,(15) 4]
k]

1g 15 -22 (2me.)

Tag . 21, - 0y

ez [1g, 9 - 16]

‘ 0

3 T T29
Q9 [17, 16 - 9,4]
Spill over, r=32
.t
L

In this example it does not matter whether TCB is off or on, amd it
does even not matber whether the second instruction is cbeyed (e.o.) ar
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(o.e,) ~ because the mumber im 15 s positive, '(The fact that the numbers
in both halves of 21 are negative does not affect the pu!i_tiﬂn,}-' . PR

- IEUCE is probably the only machine with an autometic multiplier and
divider (electroniocally they are parts of the same unit) in which sub- .
routines are regularly used for both these operations. Multiplication, in
partleuler, is such a common operation that other machines malke the milti-
Plication instruction one which is sasy to use, but IEUCE's multiplier
operates on positive integers (integers in the presence of the P
digit means that the nwber is greater than 2 ) although signed fractféns
are the form nunbers ususlly taken, To make things more illogical, IEUCE's
divider does work with eigned fractions, - -

Because subroutines are regularly used for multiplication and -
division there is no necessity for the beginner to read this section before
he can program sny useful arithmetic - in fact a multiplication subroutine
was first used in I.4. This section is addressed to the Programmsr who
wishes to have a complets Imowledge of DTEUCE, .

The miltiplier and afvider are started by the instructions 0 - 2
and 1 - 2) respectively, These are two more instructicns with destination

2h:  again it must be emphasised that the mechine does not use the nermsl -
sources O and 1 (I,D, and D,L,1) when it encounters these instructiens, '

The ﬂtiﬂéhr

- The one time the programmer may want to use the multiplier without-
récourse to & aubroutine is when the predust of two pesitive integers is

The two positive integers are placed in 16 ani 215, and 21, must be
‘oleared®. Then the multiplier is. started by the instrucfion 0 - 2, cbeyed
in en odd miner oyele, After 65 minor cycles the product, a double~length
mmber, is in 24: the mumber which was placed in 215 bas been lost but the
mmber in 16 is still available for use, The result would not be affected
if the 0 - 2k had oharacteristic 1 ar 2, nor if another 0 - 24 instruction
were obeyed while the multiplication. started by the previous one is still
Tunning, TOB is put off as the miltiplication starts,

If the program is
2y M -16

EE D.- 21'. {iﬂr m, 2, 11:'

the miltiplier takes the product of M....11 and 11,,,,11. _ These are both
the positive.integer 232 -1, 50 the product cbtained is (232 ~9)2, 3

¥

jm-i "mlu11 [N} I'_11l-

starts this mmber will be added b the more significant half of the
produet. If the rumber in €1, is negative, however, the number in 4§ is

. ;mﬂtipliuﬁ_higr & nﬁ:i::-'nr which is not the content of 21,,
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If these numbers represent uigm&_ integers we should be squaring -1,
and the result should be 1, i,e, 100,.,00,00,,.00,

If the musbers represent signed fractions with %0 binary places
(i.e, with that r of binary digits below the binary poeint) we should
bE qug -E.- H.Iﬂ thﬂ J‘HElllt th:ﬂllﬂ. h +E'5n? i-ﬂ- IImlll'm:‘- timpmtlmlml

The rest of this section on the multiplier is concerned with the
corrections neceasary to get these results, It is also concerned with the
question of timing,

In the above example the miltiplier was started in m,c.11 (not
m, 2,10 because this is an even minor gycle), The 65 minor cyecles during
which the multiplier works run from the beginning of this minor cyele to the
end of m,c,11 in the next major oycle but one, The earliest the result can
-be taken from 21 is therefore m.c.12 and 13 of this ma jor eycle, .

While the multiplier is working destinations 16, 21, 22 and 23 mst
not be used or an incorrect product will be given, BSource 21 will give the
partly-formed product during this period and so will source 22: using them
will not affect the result of the multiplication, Mut it is difficult to see
any application except the ome given below, Source 16 can be used freely
during the multiplication process, The second reason for using a subroutine
for miltiplication is to waste sufficient time for the miltiplication to
have ended befare the master routine can affect the result, -

Multiplication of sigred !Ln'Eag ra

& and b are signed integers, say in 14 and 16, The subroutine to
miltiply them will start ] '

50 = 212
1h-""' 213
u - Ehlinl H'.I ﬂ-ﬂﬂ. m.'ﬂ.
If both a and b are positive this gets the correct answer ab,

If a is negative the multiflia*r freats it as {-23-'-1', + a}.'hama it
takss the presence of the P3, digit in a to mean that a > 231, not that a

is negative, 8o if & is negative and b is positive 'l'.hu'mlltipliar
produces (232 + ajb, and the subroutine must subtract 232y from the result,

Oonversely, if a ig positive and b negative, the multiplier produces
.,(232 +b) and the subroutine must subtract 2 from the result, :

If both a and b are negative the multiplier produces (232 4+ a)(232b)=
264 4 232 (2 + b) + &b, so the subroutine must sibtract 232(a 4+ b) from the
result given by the multiplier, This appears to give 264 + ab, not the
required result, but as DS 2 only holds 6) binary digits the 2°% is a single
digit beyond the more significant end of the result,

The method used to subtract 232 from the double-length mmber in -
:Hisliwlytnmbtmctnfm:ﬂ? .
i

The rule far sign-correction is:

If either of a or b is negative, subtract the other from 21
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The complete subroutine for miltiplying signed integers is

2,5 P~ 21,
255 14 = 214 a t? 215 (b is already 111_16}
225 0= 24 MILT starts in m,o,27
2, 13- 15 Plant link
2?/115—- 27 Test sign of a
- -
%26 ml‘i\ 227+ 16 13 07(13) = O.or b as a is Ve, ~ve
259 16 - 27 Test sign of b
221 0 - 25 222 14 - 25 Aﬂdﬂﬂrauhin-l—va,-ﬂ
\ / Subtract sign carrecticn
Zp 13223, ' inn,0.29 ater MILT has ended,
1y sk

As much of the work as possible has been dons while the multiplier
is working so that the -Subroutine is as fast as poessible, Tt £ills m.e,20 to
30 of IL 2, The reason. for the apparently haphagzard locations far the
instructions after the .cne in 2 is time wasting, The time between start-

Another 32 minor gyeles pass befare a mmber i8 sent to IS 21 sc that 66

I::éng oycles elapse between the starting of the multiplier and the next use
21, ' '

.~ There is an alternative method of evaluating the sign-carrection
which uses the first partial produst, If the multiplier is started in m,n,
25 with & in 21, and b'in 16, it lotks at the gign of a in m,c.25 and adds
b to 21 in m,e. only if a is negative, This is exactly what is dome by
the three instruotions in 230, 226 @nd 25, in the sbove example, So source
2] in m,e,28 will give 0 or b according as a is positive or negative, The
subroutine then bacomes '

2p6 215 - 15 in m,n,28

2,, 13 - 13 Plant link
16 - 27
20 1821
. {nm-autimfursignufb}

. o xﬂiij/ (Correction far gign of a) .

Linle

..tﬁnj
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The subroutine now fills m,c,18 and 20 - 27 of IL 2; two instruc-
tions have been saved at the expense of two minor cycles in the time taken
to okey the subroutine,

~ . The. Eiﬂ-a.ﬂvanl:algaa of this version compared with the previous ome
are: '

(1) T8 15 is used,
(11) The instructions in 2,5 and 2pg mast be cbeyed at full speed,’

: Obeying the instructions with the machine stopped will give the
wrang result,

l[ultlp_._‘lgua.tim of nignu-ﬂ, f:nqtima

Euppm one of the subroutines for multiplying uignu-ﬂ. intugura is
given two tione g and b with %0 binary p a. It maltiplies the
integers 2-™a and 2°b and gets the product ab, or ab as a fraction with
60 binary phma (28 b.p. in 21 3). If the product is then shifted up two

places the result ie the fraction ab to 30 b,p.. in 213, It is usual to

round off ab by the method of example 23 of I,10 ~ example 25 is less
commen because the digits left in 21, canbe of use, e,g. in acoumlating -

the sum of produects, which it is prefersble to do double length rather than
-single-length for the sake of accurany. :

A subroutine to multiply signed frections with 30 b,p. is as follows:

212 P -2
25 14 - 215 Set a in 21,
25 0 - 24 MULT starts in m,c.19
25, 13- 14 Plant link
6 - 27 B
/ \ Correction for sign of a
Em 0 "i 22'1/16-. 13 .
2 16 = .
/ \ * Correction for sign nf b
2,5 30 -25 zliji- 25
219 4% - 233 In m..n.21l after MULT ends
2,5 21 = 22 {4 mo.,e.0.) Shift up 2 places
250 . 29 - 23, Rul.m:l of £,
1  Ddnk

This is the subroutine M.12 (No.4L).
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The ‘divider

The divider is alse given its numbers a and b in 215, and 16, It

tests them as elgmed munbers and, provided they have the same number of
binary places, it gives the quotient g in 21 o and a form of the remainder
in 24 ' '

31‘

The division process is dsfined by
& =. gh + v
where 0<r<bforb>0
b r<O0forbed

camnot be greater than the exact quotient: in fant it is the exact

q o8 : : .
'iu.llir‘l:iutftlrn:umhd to 3 b.p, Because g must be single-length we mist have
al < |bi*, | |

v has the same rumber of binary places as a and b, The divider
produces not rbut R = 2(2r - b) 4n 21.: 1in any case, no known program uses
this remainder, ' 2 _ . .

To operate the divider place b in 16 and & in 21,, Ouricusly, b mist
not be placed in 15 in the last odd minor nyole before -gi*.riaim sterts,.
21, does not have to be clear, but many subroutines do clear it because they

have ‘a velidity test (see below), The divider is started by the instruction
1 -~ 24 in an odd minor eyocle, runs for 66 mince oycles and leaves q and R in
212 and 213. TCB is switched on by the 1 - 2l instruction and is left on at
“the end of the division, '

If the division instruction is cbeyed in m,e,25 the divider runs
until m,e,26 of the next major cyele but ane, Just as with the miltiplier,
destinations 16, 21, 22 and 23 must not be used, sources 21 and 22 give

nearly useless partial quotients and remainders and source 16 can be used
freely,

A subroutine is normally employed when divieion is needsd although
no sign earrection is necesasary. Subroutines usually spend the 66 minoe aycles
vhich have to be wast=d in testing whether lhe quotient exoveds capagity,
The method comsists of. picking cut ome of the partial quotients from 215 and
teating this while the divider is still running,

33 digits of the quotient are produced by the divider during its 66
minor eyoles and, since TCB is on, the first one produced is shifted off and
lost from 212“111 the last minor eyele. When the dividend is greater than the
divisor this Mextra" digit is differemt from its neighbour, the ons which will
end up as the sign digit of the quotient; however, if the dividend is lecs
than the divisor, the quotient is & string of ones or noughts, The test on
the validity of the division nonsists of pickdng out a partial quotient while
the "extra" digit is.still available and comparing it with its neighbour,

For instance, if the 1 - 24 instruetion is cbeyed in minaoe cyele 25 the
"extra" digit is the P, digit from source 21 in m.c,26, the P, digit in
m,a,28, the P‘i? digit in m,o,26 of the next major cycle, ete.” In the example
given below the partial quotient is-placed in 14 when it Has reached the Py

position, It is shifted up 15 places in 14 =0 that the "extra" digit is in
the PE’:E position, then double this number is placed in 15, The sign digit

-

¥ Or, exceptionelly, a = <b with b positive,
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of the final quotient is the sign digit of C(15), As explained in I,12,
source 26 will give a negative number when the two digits differ and a
positive mumber when the digits are identical and the division invalid,

The following subroutine divides the number a in 1k by the mumiber
b in 16, The quotient is given in 21, te. 20 b.p. and the validity of the
division is tested, The quotient has"to be shifted down ene place, so the
method of I.11, example 30, is used, TCB is put on by the 1 = 2, instruc-
tion and has to be put off by the subroutine after the division has ended.

- Beonause 13 is not needed in the subroutime the link is placed in
15. |

24 N - 21, Clear 21, - necessary for velidity test,
2 1 -2y . Set a in 21, | o |
223 1 - 24 Division starts in m,c, 25,

226 215 = gy, - in m,c.26 (33 m,o. later)

22? 15 - 13:' - Plant link

24 2 ~ 14 (15 m.a.)

20 2% - 15

2,, 26 - 27

+ -
2, 1= 24 ‘-'Fi 25 22, - 23,  inm,0.28 after division enls,

L

EE'B 1‘."‘2‘{. mnff

13} Link

1.13 Logical operations

Source 25 and sourge 26 both give wards which are digit-by-digit
combinations of the words in T8 44 and T8 15, These combinations are lmown
as logleal operations since they are derived from Boolean algebra, Unlike
arithmetical operations there is no carry between digits - the r'th digit
of the word given by either source is a function of the r'th,digits enly of
the words in 1) and 15. The use of either source does not affeect the words
in 14 and 15 - unless, of course, destination 14 or 15 is used, .

If x and y are single binary digits, either © or 1, the three logical
cperations which can be performed on them are:

Hoph xvy 1if xoryorbothisq{; O if x and v are O,
"and" x&y 1if xand y are 1; 0 if x or y or both are 0.

"not equivelent® x 4 y 1 if x and y are not equivalent (opposite);
0 if x and y are equivalent (the same),

Alternatively the operations can be expressed by the following table:-
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(n; 1LJ

) | (0,0 | (1,00 (1,1)
XV Y 0 | 1_ 1 1
x&y | o0 o | o 1
byl o y 3 0

- It will be seen that the
z"yuy*:mru‘damtulwur

For worde of several binary digits the logical operations are
peﬂmﬂﬂigﬂ.t?hrﬂigit..Thu.u,:lfa.a:ﬂ'lm,'h:mﬂ, '

avbh = 011

order of x and y does not matter; i.e,
the three operations,

a.-!.-'h = m'l
afd = 0110

Sourges 25 and 26
15; source 25 gives 0{1

Exemples
| In.axﬁ:ﬁ:lui-i‘hnru logical operations are performed on two munbers we

need consider only a = 0101, b = 0011, as no other combinaticns of O and 9
can ocour, If three words were imvolvedl we should teke a = 01010101,

b = 00110011, ¢ = 00001111,
%?_Irg_'l Replace O(14) by the word which has 1 where it has O and O where
has 1, (This word, the ones-complement of C(1)), is called not C(14) and
written ~ 0(44).)
_-'_ht.pfu..} = 010101, . .
H =15
26 - 14 ' 101010,,.. to 1k,

Place C(14) v 0(15) 4n 13, We shall take O(14) = 0101,
ﬂ 15 =" m'!.’- - -

rform logical operations on the words in 1k and
& C(15); source 26 gives O(1L)" c(15), .

1141...

0410

26 -13  0'(13) =

25 - 14 Co'(14) = 0001
13-15  ¢'(15) = 0110
26=13 c'(13) = 0114

An alternmative . method can be used sinee a & b (from source 25) and
ad b (from soures 26) can have no digits in common,

26 - 13
25 = 25

c'{(13) = 0110
C'(13) = 0110 + 0001 = 0911,
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Exemple 3 Interchange C(14) end C(15) without using ancther stare.
c(14) - c(15)
0101 0011
% - 14 0110 0014
26 -~ 15 0110 0101
26 - 1, 0041 0101
Example 4 Have C(14) amd C(15) the same sign?
26 = 27

NG

Yes Ho

If they have the .same sign they have the saus sign digit, The sign
- digit of the word given by source 26 is therefore O and the word is positive,

Examplo 5 Arve the tep two digits of O(14) alike?
' 2l - 15 Py, of c*(15) = Py of 0(14).
;s;{  Compares P,,'s of O(14) and C(15).
Yes "Ho - '
Bxample 6 Plage the mmerically greater of G{14) and ¢(15) in 13.._
Write a = C(14), | b = 0(15)
1~ 13 a
15 - 16 b
- 27 Compare signs of a and b..

96
+ -
15-5/ \? - 25
\ / fab in 1% if same
13 =15 La+'!:aiu13:l.f te sign.
26 .27 '
W T

This method is shorter than Example 10 of L.4 but more diffieult
to explain, Its chief disadvantage is the somewhat haphazard behaviour
when the numbers are numerically equal: it should only be used when it
does not matter which number is then cheosen,

The only way to explain the method is to set put the eight
possibilities when a and b are not numerically equal: :



(1)
(2)
(3)
(%)

ﬁ}_h:_ o,

a< b0,

beace,

(5) a> Ib] > 0> b,
(6) Iv] > a> 0> b,
(7) lal > > 0> o,
(8 v> lal > 0> a,

B8O a;-b :

b a> 0, 80 a-b <

80 a-b <
80 a=b »
BN a+b »
80 a+b <
80 a+bh <

20 a+b >

0.
0.
0,
0.
Q,
0.

0.
Q.
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ﬂ*'ﬂ}

ag b

=

,annf(u.-‘b_};ﬂ,mauhnsen

O

, ma#'(a—b) < 0, sob chosen,
ag b>
ag bs
a-ﬁhd

’ Eﬂn*{m—h)h

o o

, 80 a % (asd) >

0

, 80 a4 (a-b) < 0, s0 b chosen
0, so a chosen
0

o O

a3 b<0, soas (a+b) < 0, 50 b chosen

a% b<0,s0a# (a+b) > 0, 50 a chosen

L

" a¥b<0,s0a% (a4b) < 0, sob chosen

It is easy to see that the norrect mumber has been chosen in each case,

(1)-(8),
‘cases, -

positive side of the first disorimination is teken by cases _
“the pﬂa:l_t_in side of the second discrimination by the odd-numbered

Example 7 Flace in 15 the wait number of the instructiom in 1,

S5 By gys ARy |
2% =15 (¥,-8-D, 0n, ¥, 1) & (0, 00, 0, 3, 0X) = (0, 0-0, 0, ¥, 0.X)

also called collation, ) -

~ The constant _'512E".‘-_i|r is used as a collating merk, (The & operation is
Where it has zeros socurce Sm:l: give zeros:

where ‘1t has ones source 25 gives the digits of O(1

Tk .Ihntinu.iiﬁ. '"Triggers'’
o Eﬁa_m .'ﬂﬂuthutim'tﬂgguru" is given to destination 2, because

&ny n - 2 instruction sets an electronic trigger. The full list is
. Start the multiplier

0 - 24

wh
I

LI [ |
PR PPFEFE

R N A
| 1
FEREPPRPEES

e _—
(] o
1 I

Start the divider

Dlecrimdnation en 7,I.L.
Put on TOA

Put off TCB
Put on TCB

Put of f alaxm

Put on alarm

Clear output statioiser

Stop passing cards through reader or punch
Start passing cards through punch
E‘ta.r‘l:.panaing cards through reader,
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None of these operations involves the fransfer of any mumber, 8o they
do not fit easily into the Source~to-Destination form of TEUCE instruction.
On the Pilot Model ACE (where there were fewer of them) & @if ferent destina-
$lon was used for each and the source mumber did not matter, As this would
be too wasteful on IBUCE all such instructians have the sampe destination
(D 2) end different scuroce numbers, Of course the source number in such
an instruetion has nothing to do with the usual source, e.g, 1 - 24 has
nothing to do with IL 1,

No other triggers are used at present although 32 are available,
Froposals for fitting magnetic tape units will use almost all the trigger
sources from 16 upwards: at the moment the Py digit is ignored so that

n- 24 and (16 + n) - 2l have the same effect

11 -. 2, was omitted because it would have called in tha interlock
when the magnetic drum was being used (see I.16).

Of the above twelve trigger instructioms, triggers O and 1 were
explained in I.412 and triggers L and 5 in I,11, Triggers 2, 9, 10 amd 12
are used to operate the reader and the punch and will be explained in I.15,

TCA - Trigger 3

Trigger TCA provides oue of the most curious and least used

facilities = one which is used to avold instruetions which have to be
modified, .

I3 16 is normally d to store a ls word which cireculates
in the usual way and is nﬂu in évery ﬂlggﬂrﬁla. However, 'if TCA is
switched on by the 3 - 2, instruction, the recireulation path is broken,
Inatead T8 16 is commected to DL 10. The ward which comes out of IL 10 in
B.6. N 15 always fed back inte DL 10 to oirculate again (unless, of course,
& transfer to destination 10 is in operation), When TCA is én this ward
is also fed into TS 16, It takes one minor cycle to flow thr TS 16 and
80 it comes ocut of TS 16 in minor cycle (n + 1) just as cf1ﬂm1 cames out

of IL 10. The ward does not go anywhere from TS 16 unless source 16 is
called far - it does not reciroulate in T8 16.

The instruction

16 - 9_ with TCA on

5

transfers a word from TS 46 to IL 9 in m.e,5, Binece it ocomes out of TS 1§
in mc.5 it mast have entered it from IL 10 in M. C.l, 80 the operation is

ﬂ‘{&‘ﬁJ - d(mﬁ-}' Of course 0'(10) = c(10).
Similarly,
16 = 9°(32 m,0.) with TCA on, starting in m,c.5, say,

pats C'(35) = 6(10,), 0'(95) = 0(10,), 0(5,) = G(10p), ....01(9, = 0(10y),
so0 it trﬂnafurnﬂ-1ﬂintnmﬂﬁthadalaﬁrufcmﬂ minor ayele,

"The instruction
16 - 10 {32 m,¢,) with TCA on, starting in m.e.5, say,

puts C'(10;) - c{m#}, ¢'(10,) = 6(105), ...... and finally €'(10,) = c(10,).
It therefore moves all the words in DL 10 round by one minor oycle,
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TCA is cleared when a ward is sent to destination 16, The programmer,
therefore, does not have to worry whether T8 16 will hold 2 word if one is

sent to it: it is antomatically switched back to behave as a TS when the
word is sent,

- In genéral sourde 10 in minor cycle n gives the same word as. source
16 in minor cycls (n + 1) when TCA is an, The only exception is when TCA is
switched off so that TS 16 shall hold a partioular word from IL 10, In this
case 10, - 16 must be used in preference to 16, - 16, The latter switches

TCA off but leaves a hybrid word in T8 16: the former correctly places
c(10,) in 16,

m can be used to avoid modifying instructions,
Example Replace all the mumbers in Il 10 by their squares,

(The maltiplication subroutins A 12 (No,221) will be used,)

(i) Using modified inetructions,

48 0 -1, Bet r = 0
123 15 = 13 = (1, 10 - 16, 0, 0, L)
Tog 19, - 25 A3d 1Py,
128 5 -0
Qup 15 1 10, - 16] | &
@# 16 - 14
1 1g =13 - Idnk, (1, 21 =14, 0, 1, 21)
25 1412
159(1g : 21y = 1) ‘5
154 1oy = 13 (1, 44 = 10, 0, 0, 10)
b 19, =25 Add x5
128 5 -0
Qg (1, ¢ & = 10,] o2
Y10 19, =13 7
15 28 - 25
14y 13 =19, (v )Py
11? 19 = 26 5{1193 = 3291?.
150 13 - 28 - 32,
nsx

i

'22
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This program needs 17 instructions and takes 208 major eycles, (It is
rather crude - use of the spill-over technique can save 5 instruetions and
3, major cycles A.IM, would save even more instructions, )

(ii) Using TCA

1, 1(}3 - 14 - e
ﬁ# 14 - 16 TOA off
1g 15 =13 Link (1, 21 = 10, 0,3, 5).
EE A 12

2
14 {13, 245 - m}] 8,
15 5 - 24 TCA on
1o 16 -~ 10 (32 m,e,) Shift DL 10 round one minar cycle
1 193 = 14
144 2k . 15} Shift strcbe
143 195 - 28

g
&

To

This progrem needs 11 instructions and 160 ma jor cycles,

The munbers in 1ﬂﬂ~‘ 1":'1, _...1':'31_, are called HB, 5-1;- Y H.31|
Progrem (1) uses a vardable order to pick out a (starting with r = 0),

squares it and plants the result in 10, with another varieble arder, It
operates on a, Bpr eves By in that order,

Program (4i) picks cut az, squares it and replaces it in 105, It

then uses TOA to move the oconmtents of IL 10 round; the new contents will

Be 8311 8gs B4, 8y, 2%, & ....8,, MNext time round the loop a, is in 10,

and is replaced by a3, Then next move round of DL 10 gives 830, &5, 8o,
'n-jl' H‘E: ‘“'%‘; '“’l...' l-nnﬂzg, BO ﬂ1 is the next term H-g.'lﬂ.rﬁﬂ.

A strobe in 193 starts at P, and is shifted up one digit each time.

After 32 loops it becomes O, All 32 numbers have then been squared and
a%, which started in 105, has been moved through 32 miner cycles so that it

is back in 1{15‘

This ¢
his time the operations have been on a’j’ H'E’ a,, By &31.... &#.

The choiee of By a8 the first term was arbitrary, but working backwards

through the numbers wee compulsery, The method using TCA is leas flexible
shan variable instrictions, which oould equally well work forwards or
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backwards: +the use of TCA makes working backwards essential, This means
that where the sequence in which the mumbers: ere treated matters (unlike
the example &ébove) arrangements must be made to have the first ruwber in

the latest minor oycle. This is probebly the reason why TCA is so little
used,

Alerm ~ Triggers 6 and 7

The alarm oonsists of a buzzer behind the main comsole and a red
light on the panel, Below the light is a key marked "Clear Alarm",

Yhen the instruction 7 - 24 is cbeyed the alarm is put on: the
buzzer sounds and the red light comes on, The imstruction 6 - 24 is used
%5 clear both, Alternatively the Clear Alarm key ocan be pressed down and
released: the effect is just that of the 6 - 2 instruction, If the Clear
Aerm key is left up the buzzer will not sound bub the light atill reacts
to the 6 = 24 end 7 - 24 instructiens,

The alarm is used chiefly as a programmed warning that an error has
cocurred; for example, a scaling error is detected when a division sub-
routirie finds the numerstor is greater than the demominator, or a cerd-
punching error is detected when a subroutire reads deoimally-punched cards,
The moet unimaginative failure instruction is 7 - 24 leading back to
iteelf: how is the programmer to kmow whioh feilure has ooourred? Ideally,
when & failure has been detected the program should sound the buszer, place
some word on the output staticiser (e,g. indieate the inmcarrect columns if
a card is nct properly punched in decimal) and stop; on receiving a single
shot the program should clear the buszer and the output staticizer and
repeat the calculation where this is possible. :

At R.A.B. both TEUCES have had an osoillater fitted to the alarm,

This goes on and off with the red light, not with the buzzer as might have
been expecied,

Output staticiser ~ Trigger 8

There is a trigger imstruction to clear the ocutput statinizer but
not to put a word en it. Destination 29 is commected to the punch through
the output staticlzer, so when the punch is not running, an ins truction
with destinaticon 29 will cause the word to be displayed omn the output
statioizer lights, If there is a word already on the staticizer when a new
one is sent to destination 29 the first word is pot cleared: the two words
are superimposed. It is therefore necessary to put in an 8 = ‘24 instruction
t0 clear the staticizer before sending the second word to destination .29,

At the right hand end of the output staticiger lights on the console
is a key which clears the output statiolser, Tts effect is just the same
as that of an 8 - 24 instruction,

The 8 - 2i, instruction is also used with Ch = 1 to switch from the
a-field to the B-field when punoching (I,15).

I.15 The reader and the ch

Eh!utmﬁnrdfmnfjmputﬂﬂmtputﬂfmmiJmfmm is on
Hollerith cards, Hollerith cards have 12 rows (labelled Y, X, 0, 1, 2, 3,
by, 5, 6, Ty E,Erﬁadingfrmtuptnhuttm]mﬂ&}udhma. Numbers are
umﬂlrpm&nﬂmthminﬂnuh&lﬂthnﬂkmﬂnnmﬂhﬂﬂinﬂauh
m,mmﬁ.whu,pmh&mhm:wﬁmtm cards are to be used
on TEUCE, If, for instance, the wumber -9376543210 is to Dbe punched in
decimel sterting in colwm 17, holes are punched in rows X, 9, 8, 7, 6, 5, k4
5, 2, 1, 0 in polumms 17, 18, ..., 27 respoctively ~ the ¥ row indicates a
+ sign and the X row & - sign.
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IEUCE has two Hollerith machines attaghed to it, a reader and a
punch, In both of them the cards move along the length of the columns,
i.e. all the holes in one row simultanecusly come into position under the
reading brushes or punch knives, The cards travel with the Y-pdge leading -
in this way they are unlike most of the ancillary Hollerith equipment not
attached to IEUCE, e.g, the tabulator, on which the $-pdge of the card
leads, The reader's speed of 200 cards per mimite is twlce that of the
punch: how this affects the programming is explained in the "Hollerith
timirig" section below,

A11l twelve rowre pass under the brushes or knives as the case may be,
but only 64 of the 80 cclumns are used by TEUCE, The reader has brushes
in colums 17 -~ 80 only, split into two fields, the a-field extending from
colum 17 to 48, while the p-field novers the remaining 32 columns, As a
row comes into position, souree O gives the 32-digit binary word punched
on that row in one of the two fields, reeding holes as "ones" and absence
of holes as "noughts"., How to switch from ome field to the other is
described below, (There is also a brush in column 1 whose use is explained

The punch has kmives in ocolumns 17 te 60, similarly split into an
e-field and a p-field, A 32 digit binary mmber sent to destination 29
when & row ie in position under the Imives iz punched in cme of the two
fields: "ones" are punched and "noughts" are not punched, The punch also
has knives in colums 5 to 16 for punching identificatiom marks in decimal
but, as these are not contrelled by the program and cannot be read back
into IEUCE, they are explained in ssotion II,1 instead of here,

Bacauss a 32-bit mumber is read or punched at ohe operation when a
is in position it iz much easier to program the reading and punching
' numbers in binery than in decimal, It is also more campact because a
-can hold 2. mmwbers punched in binary but usually not more than six
decimal, Thie section is concernmed with the programming of the input
autput of binary mnumbers: decimal numbers will be resd and punched by
. tines, but, for interest only, a sketch of the methods used i= given
: end of this seoctiom. In practice, nunbers should be read and
d in decimal: <the loss of time is usually negligible, the use of
tines saves any extra trouble in programming and the preparation of
data cards and interpreétation of results is far simpler,

Except for the cbvious differences that the reader uses source 0 and
the punch destination 29, and that certain triggers are numbered differemt
there is very little difference for programming purposes betwesn reader
punch, The reader is therefare explained more fully than the punch to save
mich repetition: unlless otherwise stated it can be assumed that the
behaviour of the punch is similsr to that of the reader.

The reader

ick

EE

£

g

The reader is called by the instruction 12 - 2, Provided it is
the "ready" state (ie.the cards are not all in the top feed - see II.1)
cards then run past the reading brushes, Source 0 is switched from the
Input Dynamioizer keys to the reading brushes,

in
the

When a row of a card is under the reading brushes source 0 gives the
J2-digit word punched on that row in either columns 17 - 48 or 49 - 80,
Normally it is the e-field (columne 17 - 48) that is being-read, When
the brushes are betwsen the rows of a card (or between cards) source 0
gives rubbish, So that only sense shall be read the reader gives a
#ingle-shot when each row comes into position, The programmer makes the
instruction to read the w-field of the row a "stopper", so that when the
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program reaches the instruetion it does not immediately reed whatever is
under the brushes: instead, it waits for the single-shot which is given
when the next row is in position, This reads the a-field, It is then
possible to have another "quick look" at the a-fisld, The exact timing
specification is'as follows:- If the first source 0 instruction is in
minor gyele m, end has timing muwber t, the a-field is available until
minor cycle m + & +-6 inclusive, and the B-field from m + t + 22 onwards.
Both. fields mist be read within 2 mejor aycles of the’ single-shot for the
IO, ' ' - -

A1l instructions with source 0, éxcept 0 - 24, 0 = 30 and 0 = 3
affect the a-f switching circuits, so spurious ones should be avoided
whilst the reader is rumning. The wasts instruetion O - O in partigular -
should be guarded against,

The instructions:-

11'9.: ﬂ--'i.h.x

will read the o-field of successive rows, not the same row fwice, because
‘the single-shot for any row iz cut off as scon as it'is used, In this
example the P-field was ignored, The instructions

1151 0«1 X
121: 0 - 15
125: 0 -1 X

have different effects actording to the wait mumber of the ingtruction in
1 21" The two stopped imetyuctions will definitely read the a-field of

suctessive rows, If the imstruction in 154 has W = 0 it reads the a-~field

;gh,tﬁi.niﬂﬂlf is between 3 and 17 we get rubbish, and W .3 18 would give the
- ' K

The programmer does have 0 make ocertain that ngt too much time is
spent between the stopped imstruetions, At least 15 major cycles elapse
between suocessive rows of a card naming under the reeding brushes, so not
more than 15 major cycles should be spent on computing (including reading
the p-field) between rows, TIf more than 2 major cycles are spent between
stopped instructions s row will pass the reading brushes &nd be missed:
alternate rows will be read instead of successive ones, More time is
available between oards than between successive rows of the same oard,

In between the 9 row of one card and the Y row of the next up to 80
major cycles' computing time is available: the Y row will be missed if oves
100 ma jor cycles are spent between the instruction to read the 9 row a-fisli
and the mext stopped instructiom,

The reader, being a meclanical devide, carmét be lkept to toleranses
as strict as the rest of IEUGE, so thht a single-shot is specified as being
available between 15 and 21 major gycles after the previous cne, Similarly,
the time between cards is specified to be in the range B0 to 100 major
oyeles. No program should take = time whinh falls betwoen the two limits -
if 1% does, it -may work some days and not cthers., In both the examples
given the program must take less than the minimuwn svecified time.

It is often useful to be able to distinguish the last row of a cart
from the others, This could Ye. done by counting the rows as they pass, but

- =
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a simpler method is available because the reader gives out a signal called
TIL (Twelfth Impulse Line) which lasts from 2 major cycles before the 9 row
single~shot until 18 major oycles after it, The 2 - 2 instruction is a
discrimination instruction and behaves like an instruction with destination
~28: the next instruction is in m.c, (m + T + 2) if the TIL signal is off
ard is in m,e. §m+T + 3) if the TIL signal is on (i,e. round about the 9
row single-shot), -

The 9 - 24 instruction is used to stop cerds passing through the
reader, Once it has been cbeyed no new card will pass through the reader
but if a card is already on the way through it will finish ife journey
without giving single-shots or TIL, This means that the 9 - 2l instruetion
stops the supply of single-shots and TTL fram the reader, as would be

expeoted, and when the reader is next called, the first row read will be
the Y row of a new card, :

When the reader is stopped between cards (this is more common than
stopping it between rows of a ocard) the § - 2l instruction must come within
LD major cycles of the 9 row single-shot, otherwise an extra cerd may be
slipped through the reader, Upless the 9 - 2l comes just before the Y row
of the next card is in position, however, a lamp on the reader marked
"Missed Card" comes on and no more cards are read¥, On the other hand the
J ~ 24 can come as near to the previous stopped instruction as one likes
without affecting the accuracy of the reading,

The reader is also stopped when it finds a hole in Hollerith columa 1.
The machine behaves as if the instruction to read the row in which it
ocourred was immediately followed by a 9 - 24 instruction, In practice

column 1 is punched only in the 9 row, but in eny case this facility is not

often used,

If 9 - 24 is used %o stop the reader in the middle of a gard there
should be a gap of 2 major cyocles before the reader is called again by a
12 = 24 instruction., This is not really & serious limitation; the reader
is 80 rarely stopped except between cards, If the reader is switched off and
on again too rapidly the card running through will confinue to be read -
single-shots and TIL will be available in the normal way - whereas one would
expect to be reading the beginning of the following card,

The reader gives single-shots only when cards are actually passing
the reading brushes, It is therefore perfeectly safe to put only part of a
pack of cards in the reader, When all the cards have been resd, the machine
halte on the stopped instriction which would read the a-field of the Y row
on the next card, Mare camls are then placed in the reader and run in
(see II.1) and the machine comtimies to read them,

The punch

There are only minor programming dif ferences between the reader and
the punch, The punch is celled by the 10 - 2i instruction: cards run
through the punch at the rate of 100 per minute and destination 29 is
switched from the output statioizer lamps to the punch,

Instructions to punch on the a-field of cards are made "atoppers"
end the punch supplies the single-shot when a row is in position under the
punch Imives, The binary word sent to destination 29 is punched in columns
17 to 48 of the card, To punch on the B-field we have a eecond instruction

e

“ In several years at R,AE, the only program to put on this lamp has
‘been the ons which is uzed to test it.
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with destination 29, This one has no st opper. It must, however, be preceds
by an instruction 8 - 24, 1, This clears the output staticizer and the
characteristic of 1 effects the field switching, These three instructions
must all be cbeyed within 5 major cycles after the single-shot for the row,
Because the punch runs moré slowly than the reader up to 38 majer cyoles'
camputing time is mvaileble between the stopped instructions which are to

row will be completely missed, Again the rangs 38 to L6 ovours because the
speed of the punch cannot be guaranteed exactly.

In between cards up te 116 major cycles are allowed far computing,
If more than 435 major cyocles are spent after the 9 row single-shot the
T row will be missed and the X row will receive the next punching,

Because the reeder and punch give single-shots to indicate that rows
are in position it is impossible to use both similtateously*, Therefore
the 9 - 2, instruction is used to stop the punch as well as the reader, If
the 9 - 2, ¢omes between the rows of a card that card runs past the punch
Inives without giving single-shots or TIL and the punch steéps with the
cards ready for punching to atart again on the Y row of the next card,

The 9 - 24 should not be followed by a 10 - 24 within 2 major cycles or the
single-ghots and TIL from the card gtill rinning through will be made
available, just as on the reader,

However the 9 - 2 ingtruction usually oomes betwsen cards, In this
case it must come within 20 major cycles of the 9 row single shot or a
blank card may slip into the pack of resulta,

The 9 - 2 instrtction is the only way of stopping the puneh, There
is no equivalent of the hole in column 4 which stops the reader,

TIL is provided by the punch Just as it is by the reader, It is on
from 2 major oycles before the S row single~shot until 35 majar cyales
after it, During this time the TIL discriminator is en and the instrustion
following & 2 - 24 is teken from m.c, (m + T + 3),

If an insufficient number of blank ecards have been placed in the
punch the machine halts on the stopped instruetion to punch the T row of a
card when the cards run out, If more blank cards are placed in the punch
and run in (see II.1) the machine contimmes punching correctly,

les

Example 1 Read a, o, d punched in binary on the a-field of the Y, 0 and 1
rmsnf'aamﬂaﬁpmnhza-u-dantha‘frmdaurﬂ.

12 = 24 Start reader

0-13X  Obeyed when Y row in pesition. €'(13) = a.

13 - 25 X " L B " ﬂ‘{‘]j):Eﬂ.
0-26X noom o g omon L C'{13) = 2a - o
0-26X " L B L c'(13) = 2Za-¢c-4a
3= 2l Stop reader

10 - 24 Start punch
13 -29X Obeyed when Y row in positien. Punch 2a - o - d
J = 2 Stop punch.

*The single-shot key must not give single-shots when either Hollerith machine
is running, In fact it is diseomnected when cards are rmmning through resder
or punch to prevent acocidernts,
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: If we are not interested in some row there is no need to make the -
stopped instruction one with source 0 ar destination 26%, By malking the
13 = 25 instruction a "stopper" we have ensured that the first O - 26
instruction is obeyed when the O row is in pogition, If the 13 - 25 were
not stopped the program would celesulate and punch Za - b - ¢, where b is
the mumber punched an the X row, : .

The 9 - 24 end 10 - 2, instructione are cbeyed comssoutively with
less than 2 major cynles between them, This is correct beocause the 9 — 2i
is stopping the reader: it is only if it is atopping the punch that it
mist not be followed immediately by a 10 - 2 instruction. '

Example 2 Read the Y row of a card and "throw aﬁ,’;',r*" (i.e. igrore) the
remainder of the card so that the reader is left runndng with the next
nin.glu—shntl coming from the Y row of the next . -

12 - 24
0-15X%
= 2 -2 X

No .
TIL,
' TII,

'TIL is on when the 9 row is read but not when any other row is in
position, The program stops on the 2 - 2l to read each row and cnly comes
out of the loop after the 9 row single shot,

The loaop in
12 = 24
. 0-15X
= 2 - 2l
No
TIL i 3

is lef't before the 9 row single shot,

ix_mgﬁ_j nP.,Z is punched in binary on the Y row of a card (n < 32). It
8 followed by f coefficients punched on the w~field of suocesaive rows of
cards starting with the Y row of the next card, Read 14> and store it in
T5 15, read the coeffiecients into IL 9 starting at m,e, 0 and leave the
reader running so that the next row read is the ¥ row of the card following
the coefficients,

/Program

¥ This applies to the a-field, The B-fisld can still be used if desived,

-.?'#..
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r123 . 2 -2, X
no TIL I
\,]/TIL
1, 1p6 = 18, C(1,) = (1, 0 =9, 0,31,(0),21 X)
1og (10 P1) 152 - ':'33,1*5*-
0 [(15) = 0 -9, x] Reads from a—field
15 ¢ (P1) 18, -0, 0 1 Reduce count by Py
1 18, - 28
25 3
ﬁ\nﬂ_
—— 12‘.3-: 2 = 24
D oa:i171x \1
29 ° | 30

In this example the method of example 2 was used to "throw awey"
the remainder of the parameter ecard on which tPy5 is punched, If this

method had bsen used at the end of the progrem when n was a maltiple of 12
an éxtra card would have been passed through the reader; this is the
reason far the slightly more complicated method used,

On this ogecasion the instruction 4in 125 nmild have bean written with
Ch =0 with ¥ = 31, The mumber n is loat,

Example ) As sbove, except that there are n pairs of ocefficients,
punched on the @ and B fields of suonessive cards, to be placed in parallel
in IL'e 9 and 10,

/Example
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on the a and B fields of thre

first card blank and stopping t

g 2 -2
119 : 0 - 133}:
P1EE 2 - 2. X
'12.3 H 125’26 = 13.1,2 {E m,.ﬂ;.)
Tpg ¢ (10P1) 18, - 0 1 <o
9 [() o .9 x]
17 ¢ ﬁﬂ P1) 18, - 4:12911.
Qg (1) o -10]
<
'11? H 1'53 = ul ﬂ
1oy ¢ 18 ~ 28
21 3
\ nz
&
= 121‘_: 2 - 24
no TIL /\ TIL
g 1-1X 1
Example 5 To punch out in b
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c(125J = (1,0-10,0,0, (0),18)

0(1p6) = (1,0-9,0,31, (0),27 x)

Reads from a fisld
Starts to switch fielas

Reads from B field of same row.

inary the contents of IL's 9 and 10 in parallsl
e cards, leaving the firat four rows of the

he punch at the end,

11:9, H 10 - 24!|,
123 H 125,25 - 181’2‘5. (E m,t:.} Y - row
12‘} H 1 - 1X X - row
1g, 1 - 1X 0 - row
190 @ 1 - X 1 - row
——> 15g ¢ (10 P1) 18, ~ 03 1

O [ (15¢) - 9. = 29X] Punches & field
15, ¢ 8 - 2%, 1 Field ewitch
127: (10P1) 18, - Opg 1

Q29 [ (15) : 10, | - 29] Punches P field

| spin

Tag : 9 | -2

Ef’-'zg} =(1, 9~ 29, 0, 3, (0), 24 X)
Ogg) = €1, 10 - 25, §, 0, (15), 29 )
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How decimal cards are read

I% has been menticned shove that normally mumbers should be punched in
decimal, Yet the reader amd the punch both will enly accept binary numbers,
The problem therefare arises of how to convert the sequence of binary words
which a decimial card presents to the computer into the binary equivalent of
the decimal number, A commonly used method is sketched below, For

simplicity we shall assume that we are to read an integer punched in the
first few columns of the a-field*,

From the Y and X rows we discover the sign of the mmber, There
will be punching in only one of these rows, We shall build up the number
positively and, perhaps, change its sign at the end, It is actually

necessary to read only one of ¥ and X rows - reading both can be used as a
check on accurate punching, -

Suppose firat that we are to read the gingle-digit integer 6, This
has a single hole in the 6 row, in column 18, The first row that will be
supplied by source O, after the sign is determined, is the O row. We now
add a P1 to a nuiber (initially szero) until we came to a row with punching,
In this case we add the P1 on errival of the 0, 1, 2, 3, 4, 5 rows, i,e,

6 times in all, as is required, Notice that it is not necessary to read
the 3 row, as a correctly punched card without punching in rows O to 8 has
punching in row 9. Agein, the check is useful. '

For numbers of several digits we modify the sbove alightly., First
of all, a "marker word" oonsisting of "ones" in those columns where there
will be punching is used, Whenever a row is read it is compared with the
marker word. "Ones" in the new row are used to remove "ones" from the
marker, Next, we determine the contribution of this new row. We examirie
the digit of the marker word in the position of the most significant
decimal digit. If this is zero, there has already been punching in this
golum: otherwiss the most significant digit still has to contribute and _
we mark a P1, If there are further decimal digits, the contribution to date
is miltiplied by 10, The next digit is then examined, if necessary ancther
P1 is added (the contributien is now one of 00, o1, 10, 11 - decimal
numbers!), there is a further multiplication by 10, ete,, until all the
punched columns have been exemined, This contribution is now added to the
munber that hae so far been built up, and the next row can be read. The
integer has been correctly converted to binary by the time the 9's row
appears, Reading this can be used as a check against double punching, for

the marker word after the 8's row anml the punching on the 9's row should be
identieal, .

Thies is & brief sketch of how integers are read. Fractions are read
as if they are integers and finally divided by an appropriate power of 10,

The procedure for punching mumbers is similer, execept that it is
easier to punch fractions than integers, Before an integer is punched,

therefore, it is divided by a power of 10 ani then punched as if it were a
fraction, '

Hollerith timin

The two Hollerith machines are electro-mechanical devices which run
mach more slowly than the electronic parts of IBUCE, Their speeds are not
absolutely reliable - they would be reliable only if they could be guaranteed
to a fraction of a microsecond, which is obvicusly impossible, Instead of

* It is not difficult to adapt the technique to deal with a number punched
elsewhere, or to several numbers punched on the same card,

= Tf =
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specifying a figure for & certain quantity (e.g, the tims between single-
shots from the reader ig 18 major oycles) the engineers epecify upper and
lower limits for the quan‘aitﬁin this example the time is at least 15
major cycles and not more than 21), This allows both for day-to-day
variations in the performance of any one mechine, and also for variations
between the different IEUCES,

It is standard practice to write programs 50 that they ocan be used on
any IEUCE, It i= therefors essantial that programmers should ensure that
thelr programs do net, say, spend 16 major oycles on computing between rows
when reading, This may work on the machine om whigh it is tested, but there
16 no guarentee that it will work on any other machine, or on the same
maching later in the week,

The engineers have a set of programs to test that the various times
between operations on the reader and the punch are within the specifiad
limits, "DEUCE News" has published a list of the specifications, but,
because this list was written as a list of what tha programs were testing,
it wam not easy for the programmer to use, The list will be found in

Appendix 4, where it has been re~written from the programmer's point of
view, '

The important times are the minimum ones between events, The
programmer must treat these as his maxima

1.6 The magnetis drum

I.16.1 General

In addition to the kigh speed (mercury) store IEUCE has an auxiliary
store on a magnetic drum, This holde 8192 wards, The drum may be used far
staring data op instructions,

There are 256 tracks on the drum, nunbered O - 255, each heolding 32
wards, Each track is therefare the equivalent of one IL of the high speed
stare, There are reading and writing heads for transferring irformation
from the drum to a particular delay line (DL 11) of the high speed store and
vice versa, The working of the reading and writing heads is entirely.
8imilar and ih future we shall speak only of 'the heads': all remarks apply
to reeding and writing,

_ There are 16 heads numbered O - 15 mounted inm & block that can move
to one of 16 positicns, numbered O -~ 15, Each hesd gan therefore cover
16 tracks on the drum, -

Ohoice and movement of the heads are controlled by destinations
X0 and 31, Destination 3 is used for head position: the source gives
the position muber, Similarly, destination 30 is used for selecting the
head and the souree gives the head number.

The characteristic tells the machine whether to read or write, An
even characteristic (0 ar 2) is used for reading, an odd characteristie (1 or
3) for writing, '

Example 1 The instructions

15 = 31 Head position

14 -~ 30  Head number
will shift the reading heads to position 15 and then read from head 14,
(This ie track 254 of the drum,)
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Example 2 a- 3 (1)
b - 30 (1)

will write on track (16a + b) of the drum, This is head b in positicn a,

Often this track is written as track a/b: note that the head position comes
firﬂta

As the source and destination are both in use in instructions
concerned with the drum, all transfers must be to a standard IL, This is
IL 11 (not DL 12 as might have been expected),

Example 3 To write the contents of IL A on track a/b we have the
sequence of instructions

A=1 (%32 me,)

a - 31 (1)

b~ 30 (1)
If the heads are alresdy in position a we can omit the second instructian,
Example 4 To clear 211 tracks of the drum.

13:' : EJ = 11 [}E m-ﬁl)
——> T2g * (WP1) 175 - 0p, 1 ' Adds PS5 + P22

Q{JEHE,[._J H.L- H, 1]

A
AN 131 : 1-25__‘1]"_I |
- 197 (4P1) 17, -0,, 1 Adds P5 + P22
ng [{12§J :b“m: 1]

Spill

1{:1: -
ﬂ{1ﬂi} = (1, 31 - 30, 1, 0, (15), 28)
c(125J = (1, 3 =29, 1, 0, (0), 28)

The coding of the instructions in 15, and 1, may appear ecocentric,

15), 18 modified, before it is cbeyed for the first time, %o the more normal
1%[:1115

1, 0= A, 1, G: (G); 23 »
as required, When the outer loop has been cbeyed sixteen times this becomes .

1.1 16 - 3'1.! 1, D: {D}:':"ﬂ
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and so takes 1, as the next instruction, Also the writing heads are
removed to position O,

The fate of 1,; is similar but simpler, It becomes
1, 0= 30, 1, 0, (1), 28

befare it is obeyed first, and later gets as far as
1, 15 = 30, 1, 0, (0), 29

when the inner loop is left and 174 is reset,

When we read from the drum we £il1l TL 11,

The reading an? writing heads are independent and can be in
different positions,

Movement of the heads and reading (writing) takes time, A head
shift takes 35 3 major cycles and reading (writing) takes 15 +1 major
oycles. This time need not be wasted, but can be used far other computa~
tion, Onoe an instruction with destination 30 or 31 has been cbeyed that
operation proceeds independently of the rest of the machine, Thus, if a
head shift is necessary, there is no reason for not initiating this soms
time before the infarmation is required from the drum, No time is wastead if
the heeds are in the correct position already. Similarly, we can read from

the drum some time before the information is required in the high speed
store., :

There is an '"interlock' assoeciated with all magnétics instructions,
This means that if one such instruetion is being obeyed, say a head shift,
when another enters TS Count, then the IBUCE waits until the first is
completed before chbeying the second. The interlock applies to destinations
30 and 31 and to IL 11, It is impossible to use IL 11 as either a source or
destination while such a transfer is in progress, This, incidentally, is the
reason why no instruction 11 - 24 exists - although tte source here does not
refer to IL 11 the interlock would still be effective,

T.16,2 The drum as a data store

There are several subroutines swvailable to help fetch (stare) data
from (on) the drum, If we are always ccnoerned with a whole DL a useful
routine is B,02/1 (No,161), 'Magnetic Fetch and Carry', This is normally
stared in IL 1 and requires a parameter in TS 15, Ths parameter is

N.P2 + m,P5 + §(P15 + P19) + +,P26

where Ny is the address of the instruction follewing the routine, m is the

track number and & = O for reading and 1 for writing. B.02/1 includes a
version of 'Fetch and Store' and the generally used 13 - O instruction in

108

If we are concerned with single words only one of the most useful
routines is B,06 (DEUCE Subroutine 200), This ococupies 2 IL's for .
instructione and 2 DL's for data, It allows the fetching (storing) of
consecut ive words, '

Both of these routines are of use only when we have to deal
systematically with much data, If we wish to deal with only a few tracks

¥ Often abbreviated to M,F.C.
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of the drum it is generally simpler and more sconomical to write out the
required instruction,

1 To transfer the contentz of tracks 0 - 50 to tracks 150 -~ 200,
This mey be required in a matrix T ogram, )

B.ﬂ?f‘l does not use T8 16 and is entered in 1 We might use the

following sequenoe of operations. 11"
n =16 n = 50, P5
P, =13 < B, = N,P2 4 T,P26
16 - 25
13 - 13, Meke parameter N.P2 + r.P5 + T,P26
13 = 15 Store parameter
14 B.02/1 | PFetch track r.

Ry 195 = 13
P, - 25 Modify parameter to N'P2 + (150 + r) P5

13 - 15 P2 = (N' - N)P2 + 150,P5 + P15 + P19 +
(T* - T)P26 + T'P26

e B.02/1 Write on track 150 + ¢

Ny, 16 - 28
End 16 = 13

27 - 26 (16 m,c,) Bubtract P5.(= 16 P1)
13 - 16

The same 13 - 15 instruction before B.02/1 may, of course, be used on both
occasions,

I.16.3 The drum as sn instruction stare

It frequently happens that a program is so large that it requires more
space than is available in the high speed stare, In such a case one stores
as much as possible in the mercury store and has to call down the rest from
the drum when required, There are two methods of doing this,

The first is of use mainly when the complete program is logically
composed of only one block which is too big for the high speed stare, We

arrange the program in such a way that as much of it as possible ataya in
the mercury all the time and the remminder is stored on the drum, This

part is then over-written whenever required by fresh instructicons from the
drum, .

A good example is the auxiliary routine that will be required with a
Runge-Kutta subroutine for integrating a set of differential equations, If
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the set is at all complicated not all of the program fan be kept in the high
speed store, The awddlisry routine is required for evaluating the right
hand sides of the given set of squatime, It is-obvicusly important to
keep the master routine and the Runge-Kutta subroutine in the high speed
store all the time, as well es much of the data that is required. The
suxiliary, however, may be composed of several sections, say cne for each
equation, and these can be brought down cne after the other, No time is
wasted 1f the second section is being read while the first is being cbeyed,
ete. A useful way of ensuring this is to start each section with an
instruction to read the next section from the drum, The last instruction

of a section then transfers IL 11 to the appropriate place in the high speed
store,

The second method is exbremely useful when a large program breaks up
into logleelly distinet segtinns that can ccoupy the high speed store in
turn. Here the separate parts are treated rother like subroutines with &
master routine, The master routine is written in such a way that the
various component programs are brought into the high speed stare one after
the other, are entered at the correct point and return control to the master
routine at the correct point, Various special contral programs are avail-
able to facilitate the writing of large programs, One of the most useful

and flexible of such programs is the Frogram Changing Routine, RAE 180
described in IV, 2, ’ ’

I.17 Input of programs

A program either is or is not short encugh to be stored entirely in
the high-speed store, If it ie not short enough some of it will have to be
stored on the magnetio drum, and it has become the general mule at R.AE,
to store the entire program on the @&rum, This section therefare falls into
two parts, input to delay lines and input to drum: a ccmbination of the
two is possible but is not recommended,

Input of program to high-speed store

A delay line holds 32 words, If these are punched in binary they
will take one row each, a0 3 cards will be needed for a delay line and L
rows will not be needed for the contents, Invariably the 32 words .are
punched on the last 32 rows of the triad of cards and the first 4 rows are
used for other purposes, It is possible to punch a program on to these
rows which will make the machine read the next 32 rows into the delay line,
The method depends very largely on the effect of the zero word ees an
instruction, It is the imstruction 0, 0 - 0, 0, 0, 0 X, Source O (the
reader) is sent to destiration O (T8 Count) in miner cycle (m + 2) if the
instruction is stored in m.c, m, ard, as the instruction is stopped the

machine waits for a row of a card to come into position under the reading
brushes.

We firet describe the technigque of resding only the a-field and then
discuss simultaneous input to two delay lines using both fields,

Input to delay lines 1 to 8, ;‘Baﬂi_l_lg__gg_l? the g-field

Suppose thet the machine has just reanhed the instruction in e

that this instruction is 0, 0- 0, 0, 0, 0 X and that the reader is callsd,
(This is almost the state in whioh the machine is left when the Initial
Input ley oh the reader is pressed: the exception is explained below,)

A triad of eards i&g run into the reader and the first card has the follow-
ing punching en the first L rows:

- B2 .
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Yrow: 0,0-0,0,0 0X (i,e, nothing punched)
Xrow: 5,0-5 1,2, 25X
Orom: 5,0-5,0, 3, 3 X
Troe: 1, 0-5,0, 30, M X

M R
The following instructions are cbeyed:

10 0=-0X Y row to T8 Comnt in m,~, 2.
< L ﬂ#I X row to TS Count in m.o.4.
Q 0-5X (32 m,e.) O rowto all mo, of IL 5, ending in m.c. 3.,
5 ©O-5X 2 row to 5, A
51 ﬂ'511 31"'3'“"5"-"51 Read
32 words

. * into

: : IL 5.
1, 0-0,X -

The instruction punched on the X row is cbeyed, quasi-l, when the O row is
in position, It puts the instruction 5, 0 - 5, 0, 20, 3 X in m.0. 0 = 31
of IL 5 and immediately cbeys m,c, 31, The effect of the instruction in
m,a, nis 0 = EnI with next instruction in 5n+ « The inatruction in 551

therefore is 0 - 53¢ X (replacing itself by 1, 0 - 5, 0, 30, 31 X from the
1 rew of the card) and the next instruction is in 50-

The next 3 instruections, in 5g» z}_, csss Dom, all replace themselves
8

by words punched on the succeszsive rows the When 35 of the 3 rom
have been read the machine has reached 531, which is O - 5}1 X leading to

1g because the 1 row of the first card of the tried was placed in it, The
36th row is read to 531 and the next instruction is teken from 1,5, not 50'

When all 36 have been read the words punched on the last 32 rows of
the triad of cards have been stared in the 32 minor oycles of DL 5 (in

minor cycles 0, 1, .... 31 in that order) and the program ends in 1g with
the reader called,

Obvicusly a very similar process will fill any other of delay lines
1 to 8, the only changes being that the 5's punched in the X, 0 and 1 rows
of the first card will become the number of whichever delay line is to be
filled, Since the program to f£ill the delsy line begins and ends in 1. and
does mot affect the ward in 1, (unless the delaey line to be filled is 1jI'l.. 1
the trisds to fill the vericus Gelay lines can be put together into a pack,
The exder in which the delay lines are filled is unimportant except that tﬁ

must be left clear; =o either IL 1 must read the gero word into 1g or

(mich more frequently) DL 1 is the last one filled, Delay lines 9 to 12
cannot be filled in this way because the machine cannct cbey directly
instructions stored in them, so a different method used to fill them is
explained below,
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If the instruction on the 1 row were changed to W, 0 -5, 0, %0, T X
{(only the NIS and timing numbers have been changed) the £filling of IL &
would have proceeded in the same way until the second instruction in 53.1!'!.':'!

reached, The only change would be that the next instruction would be taken
from Np 4 instead of 1+ This is used to enter the program when all of it

has been reed into the store, The last delay line (usually DL 1) has N and
(t = 1) punched in the NIS and timing mumber positiocns on the 1 row (boxes

are printed on every instruotion card in these two places) end the program.
i8 entered in Ht'

It is worth remarking that every instruction obeysd in filling the

delay line was stopped; so 1t does not matter whether the Normal/Stop key
ies at Normal or Stop,

Some old library subroutines were issued in a form where the filler
instructions assumed that 8y was clear, This can easily be changed to 19

by punching a P, in the 1 row of the first card where it has not already been

punched, For safety's sake this change should always be made as soon as a
aopy of the subroutine is mede,

Input to delay lines 9 to 12, reading only the a-field
In the previous examples to fill DL 5 instructions were placed in that

delay line and later cbeyed, The same cannot be dore in delay line 9, say,

so we shall put instructioms in IL 2 each of which fills one minor cycls of
I 35,

On the top four rows of the first card of ths triad we punch
Yrom 1,0~2,1, 29, 28X
Xrow: 2,0-9,0, 0, 31X
Orowm: 2,0=-2,0,27, 28X
1row: 1,0-9,0, 30, 3 X
and the instructions obeyed are:

1ﬂ_ 0 - E:EI: ¥ row to T8 Count in m,e,2.

Q, 0-2 X (% me.) Xrowtoall me, of DL 2,

1:} 0 - 0, X O row to S Count in m,c,.2,

W 0-2H4X 1 row to 231 only.

2% 0-95X 2 row te 9, A

2_1 5-911 51*4:11?1:1::91
: : Read
. . 32 words
& & into

2 0 - a_X 9 row of %rd card to 9 o9

3 =1 .'.':'1_‘

1'3 G-E}EI
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The reader should have no difficulty in understanding how this works
This method is used to £iIlIL 9, 10, 11 and 12: it could be used for the
firet eight delay lines but the methnd described ebove is normally employed

Again, if the instruction on the 1 row is changed in the NIS and
timing numbers so that it becomes N, 0 - 9, 0, 30, (t = 1) X the £illing of
the delay line is unaffected but the next instruction is taken from H‘h

instead of 1,. However it is not common to enter a program after filling
one of delay lines 9 to 12 last: +the usual order of filling the delay lines
is 12, 11, 10, .... 2, 1, Delay 1line 2 mst be filled after delay lines
2 to 12 because the "filler instructinnst for these delay lines put instrue-
tions into IL 2, and TL 1 is filled last begause 1 has to be clear when any

delay line is being filled. The program is therefore entered after I 4 has
been read,

The methcd of £illing delay lines 9 to 12 agein uses only stopped
instructions - it works just as well with the machine "stopped" as on
Normal,

There may be one or two mibroutines in the library, issued in the
days when Bﬂ, not 1,, was used as the blank minor cycle, which £i11 some of
delay lines”9 to 12, These will use DL 1 instead of DL 2 for the filler
instructions, so they do not lsave 1y clear, These filler instructions

must be changed to the cnes now current as som as a copy of the subroutine
is made,

Input to delay lines using both fields

If is possible to £ill two IL's at the sams time by uasing the
g~ and B-fields of a card, Sines the B-field is read by an instruction

with a 'Go' digit it is essentiel that the Normal/Stop key is at Normal
(i.e, in the 'up' position),

A uniform procedure is possible this time for filling any combina-
tion of delay lines, Separate filler instructions are, of course, needed
for IL's 9, 10, 11, 12 but in no case is it necessary to have punching nn
the Y row of the first card of a triad,

To £111 OL 2 and IL 3 the first four rows are punched as follows:

a-field B-field
Y row: Blank Blark
X row: 1, 0= 2,1, 27, 2 3, 0=2,0, 30, 30X
0 row: 2, 0 -3,1, 28, 27 2,0- 3,0, 20, 3

1 row: 3, 0~ 3,0, %30, VX 1, 0~ 3,0, 30, ¥
The following instructions are cbeyed (15 is assumed clear):
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1ot 0-0,X T row to TS Count in m,e,2

Qs 0-0,X X row (2} to TS Count in m,e.i

Q: 0-2 (3 me) Xrow (B) toIL 2, ending in m, 2,0,
167 0-0,X 0 row (&) to TS Count in m.e,2,

Py 0~ 3(32m,a,) 0 row () to DL 3, ending in w,c. O,
2590 0-25 X 1 rov (a) to 25

53t 0 = 3y 1 row (B) to 3y

25t 0~25X Erm{u}tn%

3o 0 - 3, Erm{ﬁ}tu}o

231: 0 - 23'1 X
3517 0= 3y
1o
The comtents of T 2 came from the a-field amd thep-field goes inte DL 3,

9 row (@) of 3rd card to 25
9 row (B) of Mﬂirﬁtﬂ}31

If the IL in the B-field is the last to be filled and control is to
go to Ny, the next instruction source amd timing number in the P-field of
the 1 row become N and t - 1, as bafore.

Below we give the necessary filler instructions for: other possible
combinations of DL's, In each case the first named is in the a-field, As
usual, 1D is assumed ¢lear,

IL 9 and OL 10 (Fillers in DL 2 and DL 3)

a B
T row: Blank Blank
X row: 1, 0-2,1, 27, 26 3, 0-5,0, 0, X
Orow: 2,0~ 3 1, 28, 27 2, 0 -10, 0, 30, ¥
1 row: 3 0~9,0, 30, VX 1, 0~ 10, 0, 30, %

IL 3 and IL 9 (Bpecial fillers in IL 2)

@ B
T row: Blank Blanlk
X row; 1, 0= 3,1, 27, 26 2, 0=-3,0, 30, 30X
0 row: 3, 0 - 2,1, 28, 27 3, 0=-9,0, 30, M
1 row: 2, 0= 3 0, 30, 30X 1, 0 -9, 0, 30, ¥
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IL 9 and IL 3 (Special fillers in IL 2)

a B
Y row: Blank Blank
X row: 1,0-2,1, 27, 26 5 0-9,0, %0, 30X
0 row: 2, 0 -3 1, 28, 27 2, 0 -3 0, 0, %

1 row: 3 0-9,0, %0, 30X 1,0-3, 0, 30, #H

All these filler instructions lead beck to 1& after their work is complete,

Initial card

¥hen the Initial Tnput key is pressed the mereury store is cleered,
i.e, every word ie zero, For some reason connected with the oircuitry
TS Count is not completely cleared; instead the word 0, 0 -0, O, W, T, X

is left in it, There is no reason for calling any particular minor oycle
m, ¢, 0,

It is easy to get the wero word into TS Count, Doing this decildes
M. .0, but we must then decide whether m,s.0 is an even minor cyels or not,
The mechine ocan always distinguish between even and odd minor cyclss becauss

0 - 2 ard 1 = 2 pust be cbeyed in odd minor cyeles, It i= also desirabls
that TCE should be off at the beginning of a program,

One ocard, called an "Initial Oard" is placed in front of the pack of
program cards which are to be read into the delay lines, The initial card
normally used is punched in the a-field as follows:

Y row: 1, 1-1,0,0, 28X
X row: Blank

0 row: 1, b - 24, 0, 0, 28X
1 row: Blanle

2 row: 1, 1 ~-2,1, 0, 28X
3 row: Blank

L row: 1, 27 - 22,0, 0, 28X
5 row: Blank

6 row: 1, 21 - 28, 1, 0, 28X
7 Tow: Blank

B row: 1, ¥-21, 4,0, 28X
9 row: Elank

Suppose that 0, 0 - 0, 0, W, T X is in T8 Count in m.c. m when the ¥
row is read, Delay lines 1 and B are clsar. The first three instructions
cbeyed are:
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IfW =" IfW 4T
Qm 0 - ﬂm+T+E X Y row to T8 Count. Q, -0 X Ineffective,
erez 1~ 1 X Bueriz © = Opuryy, X
TII}I-T 0~ qu-T-r-E 2 Qm-bT'l-ﬁ. 0 - °m+'I'+Ei X

These three instructions get the zero word into TS Count whatever
was left there after the store was cleared, We shall put n = m4T in the

firet case, n = m+T4l in the seoond;  the instructions, from the thira
onwards, are

0 - ﬂn+2 X O row to TS Count
Qoo & -25 X TOB of £
'n O0- 0,,X 2 row to TS Count
Quip 31 - 21 X (29 m.»,) "Ones" to IS 24
Tn 0 - ﬂn-t-E X b row to TS Count
Uiz 27 - 22, X Ada Py to I8 21
Tn o - o X & row to T2 Count
42 21~ 28 X (29 m.0,) Test I8 21
n_~~ ngz
h 0=70,,X Toeg 0= 05X 8 row to TS Count
W2 X =21 X (29m0.) Qs 30 - 21 X (29 mo,)0lear I8 21
1 0- 0 X 1 0~ 0 X Y row of next card
o 2 ] 13 to TS Count

If n is even the instruotien 27 - 22,:““1 adds Py to 21, giving
O in DB 21 as T0B is off., Tf n is odd the instruction adds Py to 214,
giving O in 213 but not in 212‘ Therefore the zero side of the disorimina—

tion is taken if n is even and the non-gero side if n is odd, In either
gase the last instrustion (the one vhich reads the Y row of the naxt card)
is in an even minor cygle of delay line 1, For then orwards this is m.e,0,

T8 Count now contains a completely blank word, TCB is off and m,c,0
is even, The behaviour of TEUCE is now campletely mredictsble,

If an initial card name betwsen two triads of cards, so that 1, was

already clear and the zero word was in T8 Count, it wouid have mo effect
except to clear I8 21, It would not matter if the other minor cycles of
I¥: 1 or the whole of DL 8 had been filled. This is the reason for the
instruction on the Y row of the initial card,

Once again every instructien obeyed is stopped. This means that if
the program is run in with the machine stopped the reading will not be
affected but the program will stop on its firat instruction - unless there
are still carde in the reader to give single-shots, This useful fapility
is not available when the program 18 stored on the drum,
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If the initial card is omitted minor ¢yole O may not be even and the
woard in T8 Count may not be gzero, Occasicnally it does not matter if m,=,0
is even {a.n example is the "Clear Drum" progrem mentioned below): in such
cases the firast row reed must be 0, 0 - 0, 0, 0, 0 X so that the zero word

gets into TS Count, This is the reasen why the input to DL's 1 to 8 has a
blank top row.

Input of program to drum

When a program is read and stered on the magnetic drum, four cards
precede the progrem proper, These are:

Card O Program R.AE, 353, Olear Drum,
Card 1 Program R AE, 35, Bet m,c.0 and closk track.
Cards 2,3 Program R.AE.136, Input to Drum.

Fhen the magnetic drum is used by a program it is usual to clear it
at the start, as this makes testing much sasier if the program ls inecrrect,
The one card program R,A,E,353 does this in 5% seconds, It dces not matter
whether m,c,0 is odd or even to this program, At the end the program calls
the reader and returns to 19 (which it leaves elear) to read the Test of the
program pack,

The next oard, R.A.E, 354, has two funections, Tt sets an even mirnor
oycle as m,q,0 - the method it uses is rather different from that given
abovs, but the effect is the same ~ and it writes a olock track on track
15/15 of the &rum. This clock track has the instruction 1, O - 0, 0, 0, 1
in every minor oycle except m,c, which has 1,30-1 116,415,144 (P31), If the
clock track is brought down from the drum into I, 1 amd entered in any miner
cycle it ends within 4 mejor cycles on 0, 0 - 0, 0, 0, 0 X in 1g With IL 1
clear, WNearly all organisational programs assume the clock track is stored
on track 15/15, so it mist be included,

The next two cards form R.A.E,13., When they have been read into
OL 1 the program is entered and trisds of nards are read and stared on the
drum, On the T row of the first nard of a triad is punched Pyg + hPﬂ’ + aFpy

if the contents of the triad are to be stared on track 8/b {head positien a,

head number b), If nothing is punched on this ¥ row the program stores the
contents of the triad on the track immediately following the last triad,
When a FP3q is punched on the ¥ row of a triad ite contents are stored on the

but no further triads are read to the drum: instead the program ends
mﬂ' ﬂ—n, CI, UJ‘DI’.'I:I'ID.

After the program proper is placed cne further card, R.AE.144, On
this card the programmer punches details of how the program is to be entered,
When the pard is read track a/b is brought down from the drum, transferred to
IL N and entered in minor gyole t -~ the instructioms Trom Ny omards must

bring down the rest of the program from the drum, The programmer punches
BPE, on the 4 row
hP5 on the 7 row
end WP,7, XPy5, (% + 1) Py and 1Py on the 9 row of R.A.E.14.

* If only the Pﬁ," is punched the contents of the triad are stored on the
track followlng the previous triad, not en track 0/0,

£ If N = 8 the NIS is left blank,
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If the instruction on the 9 row is made a stopper the machine will
halt just before entering the program,

R.AE.14) brings down the olock track and "synchronises" the mercury
store with the magnetio drum, (This is the term used to denote that minor
aycle 0 is discovered from the oclock tr-auk‘} As it also hes a blank top
row, this card can be run in with initisal input without doing any harm to
the program, The sdvantage of this ccours when the program is being tested,
If something has gone wring and the program tester wishes to restart his
program it is necessary to read anly the last program card: it is not
necessary to read the entire program pack,

Twe programs often useful when programs are baing tested are
deseribed in II.5, They are R.A,E.429 (Post Mortem) and R.AE, 31 (Correct
Drum Instructien)., When some errer is euspected R.AE,.429 is used to punch
cut the contents of parts of the stare, When an error is detected R.4.E, 391
is used to correct instructions stored on the drum, These Programs Are
fully desoribed in Part IT and are only mentioned here because they both use
the clock track written by R.A.E, 354. The first eard of R.A.E,391 may have
other uses, When resd in with initial input it brings down the oloek track
and synchronises the two stores, ending on 0, 0 - 0, 0, 0, 0 X in 10+

R.A.E.13 reads program from the a-field only., R,A.E.L81 should be
used if the program is punched on both the 6- and p-fields and it ocan be
used if the program is punched on the a-field only, This program performs
the tasks of the thres programs R,ALE. 353, 354 and 13, far it clears the
@rum, ssts a olock track on track 15/15 and reads triads of program to the
drum, I the ¥ row of the first card, and the 32 information rows of the
B-field of a trisd are all blank, that triad will be treated exactly as it
would have been by R.AE,413%, If not, the B-field will be trested as though
it wére the d-field of the next triad read by R.AE, 136,

Input tuﬂrum-ﬂ_ﬁnﬂm

The arder of the cards when & program is stored on the drum are:
() R.AE.353 - Qlear Drum
(i) R.AE.35, - Set m,0.0 and Clook Track ¢ or R,AE, 1,81

(1i1) RAE13% - TInput to drum

(iv) Main program

(v} RAE.UL - Synohronise and enter program - on which the user
punches details of the entry point

{‘ﬁ.) Any date
Deta should never be interleaved with the Program,

Input to drum - Program Changing Routine

The Progrem Changing Routine, R.ALE,180, is explained in IV,2. The
order of the cards when it is used is:
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(1)  R.AE.353 - Clear arum

(1) R.AE 5L - Set m.c,0 ant Closk Track
(ii1) R.A.E.136 - Input to drum

{i'lr] Mein program

() R.AE180 -~ Program Changing Routine - last track 40 be
stared on drum

(vi) R.AE181 - Fil1 1255, 3
(vii) R.A.E.138 - Enter RA.E.180 - parapeter on 9 row punched
by user,

All these programs except {i‘v’_} s of course, have been collescted
together end can be found as R.AE. 321,

If warking with both fields, R.A.B.353, 354 and 136 should be
replaced by R.A.E.481, and R,A.E.181 and 138 can be replaced by R.A.E. 482

This information is placed here solely for referenae,

Avallability of programs

When a programmer wants an initial nard he takes a copy from a

drawer kept for this purpose. It is not necessary to copy the card on the
repraiucer,

This drawer also contains nerds punched in the top four rows with
the "filler" instructions far the warious delay lines, Ihere are several
copies for every delay line some uripunched in NIS and timing mmber
positions (these are marked "last tank") and some with 1 and 3 punched
in these places (these are marked "not last 'I;ank“}, The programmer takes
filler oards for all the delay lines he uses, only one of them (usually
IL 1) being & "last tank" card, and punches the contents of mc, 0 to 7

of these deley liree on to the cards, Minor cycles 8 to 31 are punched on
to blank cards.

The verious R.A.E, programs are kept in the R.A.E. library drawer
(see IIT.1), A copy must be mede of sany program which is needed and the
library copy replaced in the drawer,

Most of the R,A.E. programs menticned also exist in older versicns
with rather fewsr facilities, RAE.13, 135 and 137 are earlier versions of
R.A.E.353, 35, and 100, The first three were also issued as TEUCE Programs
but their later versions have not been published,

PART II  FROGRAM TESTING

IT.1 The IEUCE oconsole

This section explains the uses of the various keys and lamps on the
consale of IEUCE, A warking imowledge of the most important knobs is
esmential if IEUCE ie to be operated, let alcme programmed: more of them
must be known if progrems are to be tested,

When the operator faces the main bank of switches cm the gonsole he
has 3 keys and 13 lamps on the reader to his lefh: 4104 keys, 88 lamps and
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a telephone dial on the left hangd parel facing him: 2 eathode ray tubecz,
20 lampe, 9 buttons and 5 knobs on the right hand panel facing him: and
3 keys and L lamps on the punch to his right, with 12 numbering switches
and 2 further keys lower down. They are illustrated in Pigs,? and 3,

It is almost unnecessary to use the kncbs on the two mein parels

when & working program is being operated; the only necessary keys have
been placed on the reader and ounch,

The Reader

There ere tlree keys on the reader, with 7 lamps, all labelled, ocn

the left, and 6 more lamps, arrangea vertically end numbered from 1 to 6,
on the right,

There are six card positions in the reader: each has a lamp which
is 1it when a card is in thet position, Positian Nn.1 is the card feed at
the top, position No.6 is the stacker at the bottom fran which cards are

removed, These are the only positions which ought ever to have more than
one card,

The carde are actually reed between positions 3 and L, Once & cerd
has passed beyond positim 3 it ecannct stop until it has reachsd position
6, the stacker; &0 when the reader is not running lamps 4 and 5 will be
off, Cards can it in positiens 2 and 3 indefinitely. IEUCE can only read
cards if position 3 is filled omd the Ready light is on,

The three keys on the resder are marked Initial Input: Stop and
Run In (above and below the: sam key): and Run Qut, All three ere spring-
loaded to return to their normal prositions, The Initial Input has to be
pulled out before it gcan be pushed down, The middle key can be pushed up
or down. The Run Out can only be pushed down,

The Initial Input key is used only when a new program is resd, Tt
clears the entire high-speed stare, calls the reader and runs the cards
into positims 2 and 3 so that the machine starts to pead the Program,
Initial Input should never be used when data cards are put in the reader.

The Stop/Run In key is gererally used for running in data cards,
When pressed down cards ave fed into positions 2 and 3 and the Ready light
comes on, Should there be a eard in position 3 already, the cards do not
move but the light comea om,

If this key ie pushed up the Ready light goes off, There ies no card
movement, but if the cards are running through the reader when it is pushed

up to Stop, no further cards will run through but reading of the current
card will be completed,

The Run Cut key is gemerally used only when something has gone wrong,
If there are carde in positions 2 and 7 which need to be taken out of the
reader, pressz Run Out down and they will run down into the stacker, 8o

will any other cards in the feed hence the feed shoula b tied befure
Run Out is useqd, ' o

The seven lights to the left of the switohes are nearly self-
explanatory. "Ready" comes on when the cards are ready for reading;

In", "Rurming Out" and "Reading" when these conditions ocour,
The "Called" light comes on after a 12 = 24 instruction and goes off after
& 3 = 2L instruction, For a cerd to be read by IEUCE the "Ready" and
"Called" lights must be on,
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The "Not Ready" light is misleadingly labelled., T+ is not the
ponverse of "Ready"; in fact, both can be on together! When "Not Ready"
is on, the Initial Input key is discommected and no new programs can be read,
The Run In key iz not affected and more data can be read by the existing
program. "Not Ready" comes on when any of five keys on the console are on:
they are Cont TCI, Cont TT, Cont TIL, Discrim, and Ext, Tree/Request Stop,
It is unfortunate thet Augmented Stop does not have the same effect,

The "Missed Card" light comes on if the reader is switched off by a
9 = 2 instruction between 4O and 80 major cycles after the last row of &
card is read, In these circumstances the next gard will have passed into
the stacker without being read, It goss off when the Stop key is raised,
and more cerds are read when the same key iz depressed to "Run In"; but
usually the missed card together with the two camis in positions 2 and 3
will have to be recovered by the operator and replaced at the head of the
pack of cards in the cord feed, Missed cards are the pesult of bad

programming. The missed card lamp has not been seen pn at R.AE, except
when being tested,

Tha Punch

The punch has five card positions of which number 1 is the pile of
blank cards snd muber 5 is the stacker containing the punched carda, The
punch knives ocut the cards between positions 2 and 3, In general therefors
positions 3 and I contain punched eards which will not be taken out when the
stacker is emptied, Unlike the reader, the punch does not have lamps to
indicate cards in the various positions,

The punch is "Called", and the top one of the four lights comes on,
following a 10 = 2 instruction: +the call is canoelled by the 9 - 24
instruction, Punching takes place only if the punch is "Called" and "Ready":
then the "Punching" light also comes on ss each card is punched,

The "Stop" key, the left hand of the three, can only be presssd down,
It pute the "Ready" lipht off and =5 prevents any further cards from being
punched, but punching of the current card is completed,

The punch cannot be ready unless there sre cards in position 1 (the
pile of blanks), This being so, it is made ready by pressing down the Run
In key, which puts the "Ready" light on: and then if neocessary position 2
is filled when the punch is ocalled,

When a program has finished, the last two cards punched will be in
positions 3 and 4, The operator will want these cards at the end of the pile
in the stacker, so the Run Out key must be pressed dovm and relesised, Two
blank cards are fed into the punch =o that positions 1 to .} all contain
blanks and the last two cards fall into the stacker, This must be done at
the end of every program,

There are now two blank cards in positions 3 and 4 which will be the
first two cards into the stacker when the new program starts punching, The
results of almost every program are therefore rreceded by two completely

blank cards (not punched even in the card mumber columns) which. the operator
should remove,

Below the stecksr the punch has a panel with columns of four and
eight circular handswitches, The eight in the right hand column all have
eleven positions, O, 1, ..,, 8, 9 and OFF, Tlese eight switch settings are
copied on to colimnz 5 to 12 of every card punched,

The column of four switches is copied on to columns 13 to 16 of the
oard. They are usually set to 0000 to start with: they then count the
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cards punched, carrying automatically from cne switch to the next, and =so
nunber the cards consecutively, These card nunbering switches can be set
to any initial value required: the least significant digit should be set
on the bottom switch, then the next least significant digit on its switch,
and 80 on. These switches cannot be turned backwards, and there may be

carry from one switeh to the next if they are turmed from 9 to 0 by hand,

There are also two keys under the card numbering switohes marked
"Count OFf" and "Reset", When Count Off is left down there is no
from the switches, whether paramsters or card mmbers: this facility is
rarely used, I Reset is held down the four counting switches return to
0000,

The Main Console - Pansl T

Top Row
Thamdarufﬂmkuyainttﬁtupmis:

(1) Cont, TOIL,

(i1) Cont. TT.

(iii) ocomt. TIL,

(iv)  Diserim, on/ofr,

(v)  Prog., Display - with a lamp above it,
(vi) Release,

(vii) Normal/Step/Aug,Stop — with a lamp sbove it,
(viii) Single-Shot,

(ix) 4 telephone dial comes here,

(x) Clear Store,

(xi) Marginal Check - with a lamp sbove it,
f:d.i) Cleer Syne, Alarm - with & lamp sbove it,
(xiii) Also a lamp marked "Mag, Alarm",

Continuous TCI is not normally used by programmers, It supplies the

T.C.I. signal comtimiously, thus allowing a stream of instructions to enter
TS Oount,

Contimuous TT supplies the T,T, signal continuously, In normal
working this signal is on for the duration of the transfer determined by
each instruetion. This key is used with the Ext, Tree key to chey
instructions mammally,

Oontimuous TIL supplies the T.I,L. eignal to the TIL diseriminator
wken it is down, It is used when testing a program instruction by
instruction, If a 2 - 24 instruction is used to leave a loop, the program-
tester will eventually want to follow the on gide of the discrimination,

To do this he etops the machine on the 2 - 2y, puts the Comt., TIL key down,
gives a single-shot and returns the key to ites normal position, The Cont,

TIL key should in general not be put down when the machine is

normally as it may interfere withthe reading and punching of decimal cards,
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but some large progrems use it to ensble the operator to interfere with the

of the program, e.g, in an emergency to punch dut sufficient data
to restart the program,

The Discrimination key has a similar functien to Cant. TIL, It has
three positicnas:

up is marked "Off";
horizental (the normal positimm) is unmarked:
dewm is marked "Cn',

When the program-tester wants to fores the machine to take the unnatural
side of a diserimination, e.g, to test the behaviour of the program when a
fallure coours, he etops the mechine on the discrimination instruction, puts
the Discrimination key to "OFff" or "On" as the oase mey be, gives a single-
shot ard returns the Dissrimination ey to normal, The Discrimination key

should never be used when the mechine is running normally as it will override
all diseriminsations,

The Program Di Xey is used for punching each instruction in

binary just before it is obeyed. IFull instructiens for uging the Program
Display facility are given in I1.L.

The Release kev is used in conjunction with Program Display,
Details of its use are given in the same section,

The Normal/Ston/Augmented Stop key is usually up in the Nermal
position so that the machine cen run at full speed, If it is put in the
horizontal position marked "Stop", the machine treats every instruction as
being stopped and waits for the single-shot signal before obeying the
instruction, This facility is frequently used in program testing - too
frequently users are seen with this key at Stop and their hand on the single-
shot key cbeying instructions one by one and wasting enormous quantities of
time. If tempted this way they should use Program Display (see II.l,).

When the Stop key ie down to "Augmented Stop" every instruction is
still treated as a stopper and single-shots are necessary to cbey them,
Instructions which are already stoppers make the red light above this key
come on, and no pressing of the single-shot key will make the machine cbey
the stopped instruction, Instead the Release key must firat be pressed:
the red light goes cut and a single-shot will now make the machine cbey

the instruetion, This facility is normally, tut not exclusively, used with
Program Display,

The Single-Shot key, if pressed down, gives one single-shot
causing a stopped instruetiem to be obeyed, It cannot give & secand single-
shot until it has swung back to its normal positien. IF this ey is lifted
up & series of single-shots is given at the rate of 40 per second,

The Telephone Dial gives a spenified number of single-shots; e,g.
dialling 6 gives & single-shots, O should be lsbelled 10 because dialling
O gives 10 single-shots, Dialling 9 then 8 gives 17 single~-shots,

The Clear Store key has to be pulled out before it nan be pressed
down, It clears the whole of the mercury store (except that it may not put
W =T =014n TS Count) but in no way does it affect the magnetic drum,

The Marginal Check key is used only by the engineers, Programmers

should always have it in the horizontal positien: the red light above it
will then be off,
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The Clear Symchronism Alarm key is used when the ped light above it
comes on and a buzzer sounde, This indicates that ths magretic drum store
is out of synchronism with ths rest of the machine, Usually the only
remedy is to stop the program, press this key repeatedly until the light
goes off, and then start right at the beginning, as the machine will attempt
to read from the drum or write on it even after &he alerm is given,

This should not affect programs which do not use the magnetic drum
but the conditioms which caused the drum to go out of synchronism are likely

to cause errers in the arithmetic or in the stare: results should be viewed
with suepicion,

When this alarm is given during a pProgram which does not overwrite
the date it stores on the drum, it may be possible to use program mmber

R.A.E.160 to "resynchronise" the drum with the rest of the machine, Details
are given in II,5,

The red light marked Magnetins Alarm comes on if the engineers use
certain switches planed near Ghe magnetic drum., It should be off befare
the machine is handed over to the programuere,

Segond Row

There are four keys in the second row:

(i)  Read,
(11) Single Read.
(iii) Punch.

(iv) Clear Alarm.
Only the second does not have a light above it,

(On Daisy there are three keys to the left of these four, On Gert the
three keys appear in the third row, They will be described thers,)

Pressing down the "Read" key has the same effect as 12 - 24
pressing it up has the effeat of @ -~ 2, When the reader is running it is
better to use the "Stop" key on the reader firset; otherwise the 9 - 24

mayumuinthsmidﬂluﬂfamrda:ﬂtheuﬂerwillnnt know how much of the
card has been read,

The lamp over the Read key comes on when the reader is callsd and
gees off when it is cancelled, Tt will always be in the same state as the
Called lamp on the reader,

Pressing down the Single Road key is supposed to call the reader and
cancel it when one card has been read, It will not work with decimally
punched cards as the subroutine to read them will call the reader again,

The Punch key has the same effects on the punch as the Read key on
the reader, The lamp sbove it will alwvays be in the same state as the
Called lamp on the punch,

The Clear Alarm key, when pressed down, turns of# the buszzer and the
red lamp above the key, They do not come on again unless another 7 - 24 is
obeyed., If the Clear Alarm key is left in the up position ths buzzer will
not sound but the lamp will go on and off under the control of the program,
When the key is in the horizontal position both buzzer and lamp will be
controlled by the program.
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Both R,A.E., TEUCES have an oseillator and loudspeaker attached to the
alarm, They behave like the lamp - not like the buzzer as might be expected,

Third Row

This consists of a vow of 14 lights, known as the I,8, lights, with
3 Turther lights, TCA, TCB and Go, some way to the right,

The Instruction Staticimer lights are divided into groups of L, 5
and 5 by lines ruled underneath them: the groups are labelled N, 5 and D,
They show the Next instruotion source, Source and Destination of each
instruction just before it is obeyec, When the machine is working at full
speed it will not be possible to see every instruction, but the way in
which the lights flicker may give some indication whether the program is
working correotly., They are more often used when instructions are being
obeyed singly, BReading them has been made easier on both R.AE, IEUCES by
malking the Source lights green, the WIS and Destination lights white,

The TCA and TCB lights are on when the respective triggers are set,

The Go light is on when instructions are obeyed at full speed, but
it goes off when the machine waits on a stopped instruction, Tt will be
off when the Stop key is at Stop or Augmented Stop: it may flicker during
reading and punching,

Fourth Row

This consists of:

(i) 14 external tree keys;

(11} 1 oharacteristis key; (Characteristic 0, 1, 2 only);
(1i1) the Bxt, Tree/Request Stop key;

(iv) 3 request stop keys - on Gert only. On Daisy these
appear at the beginning of the second row,

As long as the Ext,Tree/Request Stop key is in its normal horizental
position the other keys in this row do not affect the woricing of the maghine,
Application of External Tree and Request Stop are explained mare fully in
IT,.,.

The External Tree is used only with the machine stopped. Then, if
the Bxt, Tree/Request Stop key is down in the Ext, Tree position, a single-
8hot causes the machine to obey a hybrid instruction whose NIS, Source,
Destination epnd Characteristic are set on the first 14 keys of this row, and
whose Wait and Timing mumbers are those of the instruction in TS Count.

Thus the P1 - 16 digits of the instructicon in T8 Count are superseded by the
external tree keys but the P17 - 32 digits are still used, If the Gont.TT
key is used instead of a single-shot the instruction is obeyed continuously -
which is e disadvantage if it is, say, 21 - 13 - but control does not move
on to another instruction: +the old one stored in T9 Count can still be used,

When the Ext, Tres/Request Stop key is up at Request Stop the
Characteristio key is ignored, If any of the three switches to the right
of the Ext, Treo/%aqmﬂ Stop key on Cert (to the left of the Resd key on
Daisy) are mot dom, the corresponding sections NIS, S and D of the external
Tree keys are ignored. So if 2, 13 - 1 is set on the external tree koya and
the NIS switch is up while the 8 and D switches are down, the machine stops
Just before obeying any 13 - 1 instruction, whatever its NIS, The Go lamp
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is on, The Stop key muut'heg put to stop; then the Regquest Stop can be put
to normal and the machine stops on the next instruction,

The usual cycle of operations when using the Request Stop facility,
starting with the machine stopped is as follows:

(1)  Set instruction of external tree Eﬁitnhas, set request
stop switches,

(i1)  Ext, Tree/He quest Stop key up to Request Stop,
(i) Hﬂlﬁaﬂ_ﬁtﬂp key up to Hbml_
(iv) Wait far Request Stop.

(v)  Normal/Stop key to Stop.

(vi) EBxt. Tree/Request Stop key to Normal.

(vii) Then back to (1), or (4i) if the same instruction is
used again, '

As it is fatal to interchange (ii) and (iii), or (v) and (vi), it is much
better to use one hard only for these operations, Using both hands
generally leads to errar, ' -

]i_‘:L'E'th Row

The 32 output staticizer (0,5,) lights, Rulings on the comsole
between this row of lights and the next divide the 32 digits into the parts
of the instruction word. There are also 3 screws whose heads diwvide the

?igiti into L groups of eight - useful for recognising Scheme B code wards,
IV.6), '

The key at the emd of the row clears the cutput staticizer on being
pressed down and released, If it should stick down the 0.8, cannot be
cleared and all punching will be incorrect, -

Sixth Row

The 32 input dynamicizer (I,D,) lights, The rulings and the screws
between the O.8. and the I.D. lights can be used in reading either, It is
the L.D, lights, not the keys underneath them, which represent what the
machine may pead when an instruotion has source 0.

_ The key at the emd of this row is independent of the I.D, Tt is a
single-shot key put on to both R,A.E, TEUCES for shori-armed programmers®
who want to watch the monitor tubes while giving single-shots, . '

Seventh Row

The 32 input dymamicizer keys, Putting these down ar up puts the
corresponding I.D, lighte on or off, The key at the end of the row clears
all the I.D. lights if pressed down: 4if it is left in the up positieon the
I.D. lights will stay on only as long as the keys are depressed,

Eighth Row

A set of 32 switches with one key to their right, comected to the
1.D. They are used chiefly by the engineers who set a standaid pattern on

*_ngrmﬂ:ﬁ_ra of normal sige?!
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them. If the key is put up (marked +) the number set on the switches is
placed on the I.D.; if the key is put down (marked -) the omes-complement
of the muber on the switches goes to the I,D, Thus if the key is put up
and down every I, D, light is put on,

The He.:Ln Console - Panel II
Top of Pansl

At the top of the panel are four pairs of lamps, red and green;
from left %o right they are labelled Fan, Heaters, H,T, Hollerith, The
green lamp indicates that this part of the machine is switched on, the red
lamp that it is switched off, The switches used are the eight buttons
under the lamps marked Off and On, (The two middle Off buttone are also

used for resetting fuses,) To the right of these are 12 red lamps which
light acoarding to electrical failures, .

The switehing-on procedure is:
{i) Fan ﬂn"
(;’1} Heaters On,
(i41) Wait for one minute,
(iv) H.T. On,
(v)  Hellerith On,

This should normslly be done by an engineer,
The switching-off précedure is:

(1)  Hollerith Off,
(1) H,7. off.
{1ii) Heaters Off,
(Iiv] Fa._n Off,

The lazy man's way ia:
(1)  Pan Off,

In no case need any cther buttons or switches be pressed, This applies to
the buttons on the fan's own awitch-boxas,

If a fuse® blowa part of the machine will be switched off and ome of
the 12 red lights comes on, Make a note of which fuse has blowm, press the
appropriate "Off & Heset" button and then try to. switch on again; but an
enginser should be called first if cne is available,

- Bottom of Panel

The lower half of Panel II -contains two momitar fubes, each
displaying rows of 32 dots, The left hand tube has four gsingle rows, then
three pairs of rows and finally two seta of four rows at the bottom, These
display the contents of 13, 14, 15, 16; 19, 20, 21; 17, 18, The right hand
tube displays 32 rows and ocan show the entire contents of one delay line.

Each fube haz two knobs marked Pocus and Brilliance undermeath it,
The Brilliance knob changes the contrast betwaen the cnes and noughts

* "Puee" is the term always used, but in fact they are resettable out-outs,

- 99 -



Technical Note No, M.S, 38

(brighter and fainter spots) in the display, When the Focus knob has %o
be adjusted it is better tn turn the brilliance up first.

The left hand tube has a three position switch below it, In the
left hand position the display is split between P, and Pg, Pg and Pqq,

P'HI- and P"E" 'P'a!ﬁ and P1?,_P21 and PEE’ P25 EI.I:I.ﬂ.PEE, and Pjﬂ am P31.

This enables instructions to be recognised more easily, In the centre
position there is no splitting of the display, In the right hand position
the display is split between P5 and Pg, Pyq and Pyq, Pqg and E'ﬂ, Ppy and

Poq, Pog and Pye and P."I" and P31 to eneble binary words to be read nu:nx_*&'
easily, .

The right hand tube has a 14-position rotary switch bedween the Foous
and Brilliance knobs., This enables the user to choose which of the 12 delay
lines to display, The remaining two positions are T8 Count and Off,

TS5 Count is given a 32 word display in which the NIS, Source, Destinaticm,
Characteristic and Joe digits are always the same, but each line has Wait
and Timing numbers one less than the row sbove, If the instruction emtered
T8 Count from a delay line,the original form will be displayed on the same
line as the instructien in its delay line, Digits 1, 16, 25 and 31 of

T8 Count are not displayed,

One button labelled "Minor Oycle Blip" is placed in the line of
Imcbs between the two monitor tubes, Every time it is pressed the display
in the right hand monitor slips dovm two rows, and the display of ¢S 17 and
18 in the left hand momitar also slips two rows, The reason for thie
Tfacility is that there is no puarantee thaet the even minor cycle chosen to
be minor cycle O when the program is read in is the even minor cycle displayed
at the top of the right hand monitor, If is useful to make it so; therefore
the program tester presses the button until it is in the right place, This
can often be dome while the magnetic drum is cleared or while the program is
read in by R.A.E.1%. Later one can use the 13 = 0 instruction so often
stared in 1,5 or the fact that most links are planted in 1,5. . Once the :
monitors have been "lined up" the form of the inetruction shown in m,e,30 of
the T8 Count display has absolute wait and timing mumbers: the wait nunber
is the number of the minor cycle in which transfer starts and the timing
number is the rmumber of the minor cycle of the next instructionm,

IT.2 Common errors in Programs

It is not pcssible to list all the errors that can ccour in the
writing of progrems, Mistakes , however, do ocour only too frequently and

some account of the more common ones is necessary, . They may be divided
into four classes, o :

(a) Incorrect punching This should never happen (ideally), If
Programs are punched in binary they should always be checked with the
'Check Detailed Ooding' program (see II,3), It is only too casy to punch
in the wrong column of a cérd, A very common fault is to punch 13 instead
of 11 (1011 instead of 1101) and vice wersa, The same applies to 26 and 22,

~ Cards that are out of order can cause much heartbreask and
frustration, The order should alwaye be checked - all cards should be
numbered, by punching on the cards, not jJust in writing.

(v) Ooding errors Many of these can be avoided by careful
checldng and by use of the detailed coding program (see IV,1 and Ref.7).
Even so, some mistakes do ocour, '
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Very often loops are made to return to the wrong instruction, The
machine often appears to go into a (small) loop of instructions ar will omit
sections of the program, ' o

Many errors that oocour are somected with the use of subroutines,
They are almost always due to careless reading of the operating instruc—
tions, Links may be coded incorrvetly, especially with second and higher
order subroutinea, The link may be in the wrong place befare the subroutine
is enfered. This is spotted benause the link does mot appear in 155 (or

wherever else it should be). Links are sometimes fargotten altogether and
the same can happen with a subroutine., In partieular, with higher order
subroutines it is not difficult to forget to insert the low order subroutines,
Subroutines often require parameters, such as number of decimal digits or
terms of a power series, These must be inserted in the progrem in the
Progrem aocording to the specification of the subroutine,

Many stbroutines assume the existence of an instruction like 1% - 0

in 1,g. The programmer must make sure that the subroutine's agsumption is
carrect,

There is a general convention that TCB is to be of f when entering a
subroutine, This should always be checked, When & subroutine uses TCBE it
mst always be cleared befare leaving the subroutine,

Frequently when instructions concermed with fetching or staring in
oomsecutive minor gycles are modified, the reference to the varisble minor
cycle is not correct, Calling for the wrong minor oycle when fetching a
link or a parsmeter also ooours, but is not =0 common,

_ ‘Discriminations nved careful nhecking, The two alternative routes
mist begin in consecutive minor cyoles, Lang transfers present another

trap for the wwwery, It is very easy to make a mistale and make the
trensfer go on for too long, or too short, a time, If a double length shift
is to be for 2n minor cycles, starting in an even minor cycle, then it must
end in an odd minor cycle, This is often fargotten when repairing a program,
as instructions are moved willy-nilly te convenisnt spaces with little o no
thought for the possible effect m other parts of the program,

Petching infarmation from the drum can lesd to many,mistakes if not
enough oare has been takesn, It is easy to fetch the wrong tracks, especially
if mﬂymbrtmmtnhuhrm;ht down, The reason is generally that the
reading heads are in the wrong position - they have been moved and left
there, instead of being brought back to whepe they are wanted. (The same
remarks apply to the writing heads,) Mistakes of this nature, especially
When concerned with reading fresh instructions can often be spotted fairly
quickly, If the progrem 'falls out', i.e, encounters a zero instructicn
during the program, at a time when new instructions are supposed to be read

from the drum, IL 11 is generally empty showing that a gzero track has been
Tead,

~ Less common, but still worthy of mention, are errors concerned with the
multiplier or divider, These must never be started in even minor oycles and
both must be allowed sufficiemt time to complete their jobs, Miatakes due to
calling for a product or quotient befare it is complete are rarely found by
testing with the machine 'stopped! as the miltiplier/divider then has enough
time. T% can happen that the result is talken from the wrong half of I8 21,

Too mach computing between cards or between rows while the reader or
punch is rumning is noticed reasonsbly easily, because feulty reading or
punching of cards ocours, Either informetion nevet reaches the correct part
of the machine or is not punched on the cards,
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(¢) Logic end boolk-keeping These are among the most troublesome
to find and carrect,

Mistekes of logio, when operations have been done in the wrong
order, generally require wholesale revisions of the program,

A comon source of error is counting, Loops are frequently
traversed onos too often or once too few times, The lessons of I.5 and
I.8 must be lsarnsd,

Careless reading of operating instructions for subroutines lesds to
some book-keeping errors, Bubroutines in general requiré some working
space - gquantities that are required far further use should not be left in
positions that are destroyed by the routine,

It is easy to have a discrimination the wrong way round, The two
sldes may, in gereral, be interchanged quite simply but care must be taken
if other instiruetions can lesd to these, The programmer should also
remenber that zero is a positive nunber - a downward count goes once mare
if the test is with destination 27 than it does with destination 28,

(4) Scaling These faults are due to quantities becoming more than
eingle length. Symptoms are failures in division subroutines, attempting
to take square roota of negative numbers, complete rubbish when pun
out results, etc, It is not easy to correct such errors and, strictly
spealding, they are not programming faults, The mistake lies in the
numerical method of dealing with the particular problem, One way out of the
Aifficulty is to use a systematic method of scaling, such as floating point
arithmetic, discusssd in IV, 3,

The types of mistake given above are not exhaustive, A1l of them,
however, do occur and are made by most programmers at some time or other,
For the begimmer let it be said that subtlety is ocut of place until the
art of programming has been mastered, It is better not to tinker with
library subroutines fo make them do something slightly different ~ the
results are often disastrous,

As experience of programming increases the incidence of mistakes
drops considerably. Recognition of symptoms and their interpretation comes
only with practice. There are many aids to program testing which can

lighten the task of error correction. These are described in succeeding
sections,

II.3 The use of checldng routines

Check detailed coding

When the detailed coding of a program has been made and punched in
binary it is essential to check both operations. They are very frequent
sources of error: +to keep them down to one arithmetic mistake and one
wrong panching in a delay line is ths exception not the rule,

A program has been prepared to read a program punched in binary
and punch sach instruetion in decimal with some extra information. The
program is IBUCE library program ZP0S/1 (No,213), ®%.A.E.148, On each card
it punches out the following information for ome inetructicm:
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The delay line in which the instruction is stored.
The minor gyole in which the instruction is stored,
The P1 digit of the instructiom.

The Next Instruction Soirce delay line.

The minor oycle of the next instruction, m+ T + 2 (mod 32),
The Bource number,

The Destination number,

The Characteristio,

The Wait number,

The Joe mumber.

The Timing number,

The P31 digit,

The Go digit,

The first minor cycle of transfer, m + W + 2 (mod 32).
The length of transafer,

A special board has been plugged to list the cards on the Hollerith
805 machine and special ruled sheets for this listing have been printed
with various column headings,

The program reads in three cards with one delay-line's warth of
instructions, The mumber of the delay line is taken from the X row of the
first card and the 32 cards it punches are numbereéd from 0 to 3, giving
the minor gycle mumbers, It can be ssen that the program punches out every
digit of the imstruction in decimsl sc that a comparison between the list-
ing end the original detailed coding sheet should pick up any mistakes in
the binary punching, In addition, however, the program caleulates the
first minor cycle of transfer, the length of transfer and the minar cycle of
the next instruction, and it also punches these in deoimal, This means that
it is posaible to reconstruct the flow disgram from the listing, This is a
very good check: an error very rarely slips through it, and the programmer
quite frequently notices mistakes in the logic of his program at thiz stage
instead of wasting time finding them by trial and error on the machine.

The check detailed coding program has one further facility. The
machine stops on the instruction 1, O = 14 X before reading each triad of
cards. The user sets a word on the I.D, and the machine reads this when
given a single-shot, It then reads the 3 ocards &nd punches out 32, If the
Pr light on the I.D. is on the program treats the word in minor oycla r as
& binary muwber instead of an instruction (P32 is used for minor oyole O),
and the number is split into groups of 5 digits and punched in the scale of
J2, Numbers are easily recognised in the listing because the length of
transfer column is blank in their mincy cyclss, This facility provides a
check on the punching of binary numbers. '

Check decimal punching

This program, R.A.E.22 - not issued in the IEUCE library - is intended
to be used for checking the data cards punched for a workding program, but it

- 10% -



Technical Note No, M.S. 38

ie probably best described here,

It reads one paremeter card amd then checks all the data cards it is
given, On the parameter card the user punches:

¥ row: Columns to be checked,
X row: Columns which should have a sign punched,
O row: Columns which should have & degimsl digit punched,
The possibilities which the program can check are:
(1) No punching in a column, Punch ¥ on parameter ocard,.
(i1) Sign only in a colwm, Punch Y, X on parameter card.
(1i1) Digit only in a column, Punch ¥, O on parameter card,
(iv) Bign and digit in a column, PunchY, X, O on parameter card.

The program ignores all colwms where the Y row of the paremeter
card is unpunched,

If all the data cards are correct the program will read them all and
punch nothing. If it finds an error it immediately stopas the reader,

punches one cerd and then starts reading again®, The card punched gives
information about the type of failure,

On the ¥ row it has the murber of the card in binary - the program
munibers the cards it reads from O upwards. The rows between X and J.
usive are punched in the colums where errors occur in the following
way
L row: where two signe are punched,
0 row:  where one or two signs are punched and none expected,
1 rom:  where no sign is punched and one is expected,
2 row: where two or more digits are punched,
3 row: whore one digit is punched end none expected,.
4 row: where no digit is punched and one is expected,
II.4 Machine aids to program testing

This section deals with facilities available for program testing
insofar as these are built into the machins, The next section 4is
concerned with programmed aids,

* If the instruction in 3g is made a stopper the program will stop
1, 12 - 2, X after reading an incarrect card and punching the failyre
card, The user can then pick out the card in errar, as it will be the
card just read, A single-shot will cause the program to contimue
reading,
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The two monitor tubes on the console display the contents of the
temporary stores (i.e, TS's, QS8's, DS's) ard any one of the delay lines or
T3 Count. In general, lengthy inspection of the monitors is to be :
discouraged and avoided, Intelligent use of the display facilities, on the
other hand, can make for rapid diagnosis of faults, The IL monitor display
does not necessarily have minor oycle O at the top, It is gene '
advisable to press the minor cyole slip buttom repeatedly until what is
known to be in minor gyole O is on the top 1line of the monitor, Naturally,
eny other minor gycle can be used to lins up the display, It is easiest
%o use something which should be either at the top ar bottom - lining up on
a not easily recognisable instruction in the middle of a IL is troublescme,
Often 13 - 0 in 1,5 provides a convenient instruction - it should be the
fourth line from g&a bottom of the IL 1 display., The olear drum and write
on drum programs are gquite useful far lining up, 'Olsar drum' leaves one
or two minor oyoles clear-at the top of Il 1 ( it is read befare sven
minor gyoles have been found and hence thers may be some ambiguity),

‘write on drum' which comes after even minor oyoles have been Tixed leaves
ons blank minor oycle at the top of DL 1.

The simplest and woret way of testing & program is to stop the
machine and then proceed with single-shots from one instruction to the next,
This method wastes much time and not much is accomplished during a pericd
of program testing. Naturally, the method can be used if only a few. (less
than six, say) consecutive instructions are o be checked, The machine is
made to halt on a stopper instiuoctiom, Any instructions that are made
stoppers for the purposes of program teating should be clearly marked, so
that these stoppers may be removed befars the program is declared correct,

A convenient method that sllows inspection of what has happened is
'Frogram Display', The key marked "‘Normal-3top-Augmented Stop' is put in
the sugmented stop position and the key 'Program Display' is then depressed,
The ember lamp sbove the 'Program Display' key comes on and the machine
punches out, in binary, the instructions as they are obeyed., This punching
stops when the machine encounters a 'stopper' instruction, A red lamp is
then alight on the comsole, To contimue, press the 'Release' key, which
switches off the red light, and then press the "Program Dieplay' key again.

Sometimes the progrem display stops when the instrueétion is not a
stopper, Examination of the console shows that the punch is no longer
called and the red light is off, The last instruction of the display will
be found to have been 9 - 2. Program display may be continued by pressing
the 'Punch' key, Neither "Program Display' nor 'Releass' is necessary,
Occasionally there is a complication with TIL on program display., If a
progrem locks far TIL (from a card or from the console) at some point, this
may be supplied by the last row of a rrogram display card passing through the
purnah, .

Frogram display should not be used in some multiplication and many
division sibroutines as they depend on extracting a partisl result from
IS 21 while multiplication (division) is in progress, This also applies to
T01/2 (IBUGE Subroutine 195). The specifications of the subroutines will
state whether the subroutine can be used with the machine stopped. (For
these purposes using Program Display counts as stopping the machine.) The
operation of the machine is slowed up-congiderably by program display
(20 instructions per second instead of & normal rate of some 8000 or more

instructions per second) and multiplication (division) will have finished
before the next instriection axrrives,

For eass of resding, program display should aither be done on
Instruction cards or copled on to instrusction carda, A cheaper alternetive
ig to use = 'mask', which is an instruction card with holes punched everywhere
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in the TEUCE field, The mask is placed ebove the program display cards.
The 32-bit words are then corveniently split up into instruction words by
the rulings on the mask, Note that program display only gives the inatruc-
tions that have been cbeyed, never the contents of any atores,

A uszeful fapility is dhe 'Request Stop', This may be used when
large parts of a program are known to be working, The particular instruc-
tion, on which it is desired to stop, is set up on the external tree keys,
the NIS, &, D request stop keys are put down and the External Tree/Reque st
Stop key is put up, The machine will stop when this instruction is
encountered, When the machine stops, the 'Normal/Stop' key is put in the
stop position end only then is the request stop key put back to normal,

The machine will now be on the instruction following the request stop,

A common mistake is to set up the address of the instruction on the NIS
keys, instead of the address of the following instruction, If desired the
reque st stop can be used whensver & particular NIS, Source, Destination or
any combinatiom of these cccurs, For example, when the NIS key is the only
one depressed, the source and destination on the externsl tree are ignored,
This facility is useful when it is desired to test a new subroutine - the
program is stopped the first time the next instruction comes from a _
partioular delay line, Another example is when discrimination instruetlons
are being examined, The exbernal tree destination keys are set at 27 (or
28 accarding to ciroumstances) and the destination key 1is depressed. The
machine will stop every time D 27 (or D 28) occurs,

Request stop should not be used with O - 24 and 1 = 2k instructions,
On these particular instructions the machine contimues to multiply (divide)
and gete the wrong answer®,

During testing it is essential to be sble to examine both pessible
routes after a discrimination instructicm, The 'Discrimination' key on
the conscle ean assist in this, In its normal position it has no effect;
whén it is up, i.e, in the 'off' position, every discrimination will take
the naturel (i,e, earlier) side regardless of the nusber that has been sent
to D 27 or D 28. Similarly, when the key is down the later instruction is
always taken as the next instruction, The Cont TIL key does not affect the
discrimination key, Care is needed when using the discrimination key togetler
with Request Stop on a discrimination, Remenber that the machine proceeds
to the next instruction when the External Tree/Request Stop key is put back
to normal, By then it is too late to force the discrimination one way or

the other, The discrimination key must be set before the Request Stop is
cancelled,

It is often useful to be sble to re~enter a progrem that has fallen
out, or to go to a particular place in a program, If the monitor display
is carrectly lined up, examination of TS Count and use of the External Tree
key can help, The following procedwre is helpful,

(1) Stop the mechine, Put all the External Tree keys level, and
External Tree on, Set wait and timing mirbers of 29 on the I.D. Now give
single-shots until the top line of TS Oount has W = T = 28, Overshooling

does not matter, just continue until the walt and timing mumbers are
correct, '

* PFor curious reasons of timing in TS Count, the machine starte cbeying
all 'Trigger' instructions just before the beginning of the appropriate
minor cycle, Request Stop suspends the operation of every instruction but
only starts at the beginning of the minor cycle, MILT and DIVIIE are there-
fare started befare Request Stop becomes operative and do not go off at

the end of the 65 or 66 minor cycles, The same is true for all other
Trigger instructions, but with them no harm is done by using Request Stop,
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(i1) Any instruction that is now set up on the I,D. keys will be
obeyed Q39 If one wishes to re-enter at Ny, set N,P2 + T,P26 on the I.D.

(Set W 4 04f T = 0), Give a single-shot with external tree on. The

instruction on the I.D., is now in T8 Count, It also appsars on the I.3,
lights,

(1ii) Set external tree %o narmal and give a mingle-shot, The
machine is now at the instruction in Hipe

This method can be used to insert constants or new instructions into
partiaular minor oycles but is not advised, as it is easy to meke a mistake
and there i2 no record of what has bheen done,

Examination of tracks of the drum ie somewhat troublesome, Here the
external tree keys are used together with the Cont TT key. To examine track
a/b the following procedure is used,

(1) Btop the machine,

(11} External tree on, Characteristic 0, Bet

a- 3
on the keys, (The NIS is irrvelevent,) Demress the Oont TT key,
(141) Set
b - 30

on the keys end depress Cont TT,

The contents of a/b are now in IL 11, A similar procedure is used to write
on a given track, except that the charscteristic mist be 1. If a program
is to be re-started the heads must be returned to the poeitions they were in
before the tracks were examined, As no single-shots have been given during
this examination the machine is still at the same place in the program, In
the sbove procedure IL 11 is lost, Should the contents be required, they
must first be written on the drum on an umsed track,

The Cont TT key may be used to insert quantities into every minor
cyole of a store, Thus

(1) Stop the machine,

(1) External tree on, 8 - D .on the keys and depressing the Cent TT
key has the effect of transferring the whols of 8 to the whole of D, Far
example, 28 - 10 would have the effect of placing a P17 in every minor aoyele
of IL 10, The instruction 11 ~ 10 would transfer every minor cyele of DL 14
to the corresponding minor cycle of IL 10,

Here again we may re-start the program at the place where it stopped
because no single-shots have been given., Cont TT will not work with any
instructions with D 24,

11.5 Erogremmed aids
Some routines have been made to help in the tegting of programs,
chiefly at R,A.E., The ones desoribed in this section all assume that there

is a clock track on track 15/15 of the drum of the type planted by IEUCE
program ZP 15 (No,37), R.A.E.135, or by R.A.E. 75,
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Post Mortem

There are two versians of this program, R,A,E,3L5 and R.A.E,L29,

The only differcnce is that R.A.E.439 punches informabicn on both fields,
whereas R.A.E, %5 only uses the a-field, Gnly R.A.E. 345 will be described
here, The Post Mortem, R,A.E, 3,5%, was formerly known by the vague title of
"Program Testing Aid", Tt is used to punch out the contents of sections of
the mercury and magnetic stares after the program has "died", whethsr by
"falling out" or by being stopped at a strategic point by the tester,

It is usual to clear the magnetic drum before reading in a program
to be tested. This has the advantage of ensuring that everything punched
by the Post Mortem routine has been stored by the program being tested, In
addition the Post Mortem routine is arranged to ignore blank tracks, thus
saving ruch time,

The most swkward part of ihe operation of this program is reading it
in, The initial input key on the reader ocannot be used because this clears

the high-speed stare, yet one of the objecte of the exercise im to punch the

contents of this stare, Tnstead the first nine operations in the following
table are needed, '

(1)  Stop key to Stop.
(i1) Clear Input Dynamiciger,

(i11) Bet 0,.0 = 0 with characteristic 1 ou the extermal tree keys.
(L,e. a1l these 14 keys harizontel).

':1'“'} Ext.TraEfRequa;st Stop key to Ext.Tree,

(v)  Single-shot.

(vi) Ext,Tree/Request Stop key to noimal,

(vii) Stop key to Normal, (This is easy to farget,)
f‘li'iii) Prese "Read" key on the console.

(ix) Run in the 8 program cards of R.A.B. 35,

(x)  The machine reads 5 cards and stops on 1, 0 - 15 X,

(xi) Set P}E oen IL,D, if short stores are to be punﬁhaﬂ; set any
nmhimntiun of Py, Fos vess P1$.' to show which delay lines are to be punched,

(xii) Bingle-shot,

_ (xiii) Machine punches out contentz of requested stores; then reads
last _‘.':prnyammr_ﬂaand.atupunnh 0 -~ 14X,

{xh;'} Clear I.D. If non-zero tracke hetwsen é,f'"b and y/z are to be
punched set bPy + aFg + 5F1-‘,-.+ ¥Ppy on I,D,

{WJ Einglﬂqﬂhﬂt‘

(xvi) Machine punches out contents of all non-zero tracks in the
required range and stops on 0, 0 - O X 4in 1o with the reader called,

{xzii} If the user wishes, the last 3 cerds can be read again steps
(xiv) to xvi) repeated and a further section of the drum stare punched,

An earlier version, R.A.E, 145, which differed only in the section for
punching the magnetic drum, was published as IEUCE library progrem ZP 26(1b,155)
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If P, is set on the I.D., delay line r is punched with rP5 on the ¥

row, three blank rows and the 32 wards in their usuel positions on a triad
of cards. Any or &ll of the 12 delay lines can be punched,

It sz is set on the I.D. the short stares sre punched before the
delay lines, The first 4 rows are blank, then come the contents of 13, 14,
15, 16, 179, 174, 172, 175 on the first card, 18y, 18;, 18, 185, 195, 194,
204, EDE’ 219, 213 and two blank rows on the second card and a blank third
card,

The contents of tracks of the magnetie drum are also punched on
triads of cards in the usual positions. Track p/q has gPy + pP5 punched
on the Y row of the first card and every track has a P4 punched on the X

row to distinguish them from the contents of deley lines,

If none of the high speed store is to be punched the first two cards
of the routine must still be read {though the initial input key can now be
used), It is simpler to read the first 5 cards, set nothing on the I,D, at
step tﬂ) ard give a single-shot, The routine will go on to step (xiv)
without punching anything,

The routine destroys one word in D,L.1, meking it zero so that the
rest of the program can be read in, Which word is lost cannot easily be

Porecast because it depends on the position of the instruction at which
rrogram-testing stopped.

The routine alsc destroys the contents of 2 tracks of the drum
because it has to store DL 1 and 11, As the cards are punched the routine
uses tracks O/0 and 0/1, but, if these tracks are used by the program being
tested, the user can change them to any two tracks under the same head
position, n,.n""b‘:I and 8/byy, say, The changes needed are:

Change source O to source a in card 0, row X and card 1, row 8,
Change source O to source by in card O, row 4 and card 4, Tow Y,
Change source 1 to source b4 in ocard 0, row 2 and card k4, row X,

Correction of instructions on drum

This routine, R.A.E,391, was made to facilitate the correctiomns
nacessary after a mistake had been found with the Post Mortem routine, It was
later reelised that it could also be used to set parameters in a program

during input. The latter use is explained at the end of this subsection,

This routine is intended far use with programs whose instructions are
all stored on the drum before the program is entered. It assumes that the
usual clock track has been stored on track 15/15 by R.A.E. 354 or ZP 15,

(The Post Mortem routine, R,A,E, 354 only disturbs tracks 0/0 and 0/1 on the
drum, 80 providing no instructions are stored here, the programme will be
intact on tke drum and ready to be re-sentered,)

If some inatructioms in the progrsm have to be altered the four cards of
this routine are reed in with the indtial input key, The first card merely

finds the location of minor ayole 0; +the next three read the routine into
DL 1 and start to obey it, The routine then reads a series of data canls,
each oard causing one inatruetion on the drum to be modified, until it reads -

a data card with eny punching on row 9, After making the modification
speoified by this card the routine "falls out" in 1, with delay line 1 c¢lear
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and the resder called, The last cands of the original mrogram, the ones
which call down the program and enter it, can now be rum in and the modi-
fied program will be entered,

The ocorrecticn cards are punched on the first tlres rows only,
except that the last card has anything punched on the 9 row, as already
explained, The Y row specifies which word is to be modified, the X row
which digits of the word are to be changad, and the 0 row gives the
modification,

Two kinds of modification are possible: gpecified digits of tne
existing word can be replaced by the corre sponding digits of the word on
the O row, or the word on the O row can be aided to the exieting word.

The actual operation of the routine is that it reads the word specified by
the I.row from the drum zeroises the digits specified by the marker in the

X row, edds the O row and replaces the word on the drum, An example will
make this clear,

1f the X row has the wait number digite, digits 17 to 21, punched and
the O row has only Pyg punched, ths existing ward N, S -~ D, Ch, W (J) T has
its wait number replaced by the wait number of the O row and becomes
HJ 5 - D.! Uh: E(J} T.

If the X row is blank and the O row has P;g punched the existing
w::;-&haatha.ﬂmuﬂ.ﬂnﬂ.to it and becomes N, 8 = D, Gh,'F-FE,[J} T,

If the X row has every digit punched and the O row has P4 g the
existing word is replaced by the word on the 0 row and becomes Just Byp.

Complete replacement of a word is a common carrection; a Py, can be

punched on the Y row instead of every digit of the X row being punched in
such a case,

The specification of the data ocards is

Y row  Punch BP5 + g + IE‘;-‘,- if minor cyele r on txja-:.k'-a,fh is to be
modified, (Note the order of a and b,) Punch also P}E if the
word on the O row is to replace the existing word campletely,

Punch those digits to be replaced by the oarrespording digits
of the 0O row, {Ignurﬂﬂ. if P32 punched on ¥ row, )

Punch the modifying word,
Punch anything to indicate last correction card.

TR

Other rows are ignored,

This method of making correctims to a program alresdy in the store
has the twin adventages that it is quicker than reading in the whole program
Bgain and that a regord exists of the corrections made, It is not necessary.
to meke the corrections in the cards of the progran after each psriod of
program-testing time on the machine., Instead, a copy of the routine® can be
placed in the existing pack of program caris immediately after the program
hes been read to the drum and befare the cards whieh cause the program to
be entered, hen carrections have been mede to the program stared on the drum

¥ The first card of the four is not strictly necessary in this case but no
haym is done in including it,
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the correction cards can be inserted after the copy of the routine among the
program cards so that, next time the program is read into the machine these

oarrections to it are made automatically, The machine time wasted is
negligible, '

When this i= done it i=s recomended that a special card punched anly
on the 9 row should be kept handy, This card adds O to m,c.0 of track 0/0,
80 its only noticeabls effect is to end the reading of correction cards,
When this card is used no other correction card need be punched on the

9 row and so the possibility of leaving the routine befare all correction
oards have been read can be avoided,

If the routine is included in the pack of program cards the
programmer can save himself the trouble of punching parameters into sub-
routine cards: he can use this routine instead and "correct" the program

by inserting the necessary pearameters from correction cards each time the
Program is read,

Re synchronise drum

When the synchronism alarm goes the only remedy, in most cases, is
to start the program all over again, This can be most infuriating,

In a program which pcomputes for a long time it may well be worth
adding a piece to the program sc that, every so often, all the data
necessary for restarting the caleoulation is punched out, (This also
involves ancther piece of program to read the data back in if the program
does have to be stopped.) Such punching (which would probably be in binary)
would occur at sawe fixed imterval, perhaps every 20 mimites, It is con-
venient to make it possible to call for this punching at other times, e,g.
by setting a Fip on the I.D. keys,

There is a program, R.A.E.160, which can be read after the drum has
gone out of synchronism, It uses the clock track on track 15/15 to find out
how much the drum has gone out of synchronism, and then re-writes every
track of the drum in synchronism, It erde on the instruction 0,0-0,0,0,0 X
in 15 with the reader called,

However it is difficult to know where to restart, If the program
overwrites some of its data it will be impossible to start any later than

the part of the program which stored the first data there, The high~apeed
store is cleared when R.A.E,160 is read in,

There is also the possibility that the magnetic drum store may hawve
failed at the sames time as it went out of synchronism, R.A.E.160 should
therefore be used only as a last resart,

PART IIT  AVATLABLE FROGEAMS

III.1 The IEUCE library

The groups which operate the various TEUCES each have their own
"library" of programs and subroutines, When a new program has been con-
structed it is given a serial number; e.g. R,A.E. 301 at Parnhorough
N.F.L. 75 at Teddington, When it has been fully tested a copy of the cards
should be added to the drawer containing all local programs., In the case of
programs this should also be the time when the programmer writes a set of
operating instruoctioms,
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Usually subroutines are of more general use than complete programs,
They are commonly tested in e version stored in I 2 for a subroutine
using only one tenk: IL 2, 3, A, ,... are used for longer subroutines,
When fully tested the subroutine is copled with IEUCE library program
No,4 so that versions are made starting in IL 3, &4, ..,.,. After this
process of "copying into all tanks" the specification of the subroutine
is written. The spepification and the cards are then sent to the English
Electric Company at Stefford far publication, They allot 4two numbers to
the subroutine, s serisl mumber and an alphanumeric classification: far
instance, R,A.E.142 becan DEUCE subroutine No,148, P110/1., The specifica-~
tion, flow diagrem and detailed coding of the subroutins ave printed in a
standard farm, COopies of these and of the cards mre sent oud to all groups.

operating IEUCES, and the subroutine has been published in the IEUCE library
of subroutines,

There is also a IBUCE library of programs, though of course a smaller
proportion of complete programs sve of suf ficiently general use to warrant
publication - most IEUCE library programs are either engineers' test programs
or linear alpebra bricks, They also have a seriel number and an alpha-
rumeric classification, The difference betwsen the alphanumerio classifica-
tion of subroutines and programs is that the former start with one letter
[E.g, D 51:1 ths latter with two {a.g. CW On.}_ Az the same serisl minbe
can apply to a library subroutine and a library program which are entirely
independent, it is better to refer to the alpharmmeric olassification and
add the serial number in brackets: e,g, "D 01 (subroutine No, 3 )".

- Bince not all subroutines and programs &re eventually published there
is a residue left in the loeal library - this assumes that scmeane has the
responsibility for reading out the published routines from this library -
and there will also be several routines in it which ere awaiting publication,
It is usual to send copies of routines to other IEUCE users at the same time
as they are sent to English Electric so that they can be used in the period

between the end of testing and publication, For this reason there are four
libraries at R.A.E.:

IEUCE library subroutines,
IEUCE library programs,
R.A.E, library,

N.P.L, library,

IEUCE li'hrgg subroutines

The classification of a mibroutine oonsists of

(1) & single letter specifying the class of the subroutine;

(i1) a two-digit muber which is the serial number in that class;

(iii) possibly one, two or three more letters;

(iv) possibly a stroke, followed by one more digit.
For exampls P,110/1 indicates that the subroutine is in class P (punch
subroutines) and is the eleventh of the class; +the D shows that the
subroutine operates on double-length numbers and the terminating 1 that it
ie the first modification of P.11D,

The classes of subroutines now in usa are:
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Summation of series,

Trigonometrical and Hyperbolic functions,
Three-dimensional vectors,

A Programmed arithmetic: chiefly with floating-point numbers.
B Continuous Stare,

D Division

E Exponentials and Logarithms,

F  Fractionel powers: entirely square roots at the moment.

G Differential equations,

J  Miscellaneous functions other than B and T; chiefly Bessel functions,
L Linsar algebra and vectar operations,

M Multiplication,

N  Fumerical methods,

P Punch,

R Read,

8

T

v

il

Miscellansous.,

Two classes have been allotted letters but have not yet been used:
G Checldng,
Q@ Quadrature,
After the first letter comes the two-digit serial number in the class,
It is usual to quote the non-sigrificanmt zero: D 01 rather than D 1,
The letters whioch may follow this mmber are:
D Double-length mumbers,
H High sccuracy: numbers more than double-length,
P Floating point numbers,
C Complex nmumbers,

The first two are incampatible, but it is conceiveble that three letters
could follow the number, '

A subroutine should be issued with a terminating digit only if it
performs the same function as the original subroutine using less storage
space or talcing leas time; preferably both, This has not been strictly
cbeyed, a bad example being the issus of subroutines o punch a fraction and
an integer, completely different processes, as P 01 and P 01/1,
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As mentioned earlier, every library subroutine also has a serial
mumber: e.,g. P 0 and P 04/1 are subroutines No,12 and 133.

Over 200 library subroutines hawve now been issued, To help those
who have not used TEUCE subroutines befare, the conventional methods of
describing them and using them are given in III1,2, Bection IIIL,3 gives a
short list of recommended subroutines,

The documentation of a subroutine consists of
(1) cards giving the information listed in section IIT,2, and

(2) sheets giving the flow diagram end detailed ooding as well as
the information on the ocards,

Fifteen copies of the cards and of the full documents are held in
R.AE. It is impossible for every programmer to have a complete set of
either variety but both sets are available in Mathematicel Services Depart-
ment, the full docurents in order of serial nunber, the cards in class order,

Specificatlons of subroutines and programs in the R,A.E, list ars

kept in the same place, as are the specifications of those N.P.L. routines
which heve been written up,

IGUCE litrary propgrams

The classification of programs starts with a pair of letters, The
first letter, like the firast letter of the subroutine olassification, gives
the class of program; the second letter sub—divides that class, A complete

ligt of classes can be found in TEUCE News 1, Those most commonly cocurring
are:

L: Linear algebra, including ell bricks,
T: Engineers' test programs,
V: Deponstratiom programs far visitara,

The use of the second letier depends on the class; for instance, C following

L indicates a check, whereas C following X (statistical programs) indioates
a oorrelation program,

The two letters are followed by the eerdial number of the program in
that sub-class. There are no further letters like F or 0, nor is an exira
digit atteched following a stroke.

R.A.E, Librery and N.P,L. Library

These both include subroutines and programs, The only classification
is by serial mumber, A number is obtained for routines mede at R.AE. by

filling in the title in the note book lkept for this purpose and taldng the .
next number vacant,

TEUCE News

This is an oceasional publication which alsc comes from English
Electric, It is chiefly used to issue corrections to published subroutines
and programs, but it also has lista of routines awaiting publication, and
eccasiovually some useful programming trick is explained,
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III.2 TIEUCE library subroutines

Subroutine specificatiaons

When a subroutine is issued in the IEUCE litrary, its specification
has the following items:-

(i)  The heading consisting of:

(a) Classification, alphanumeric, as described in ITI.4,
(b) Title,
(¢) Serial nunber,

(11) Desoription: Order of the subroubine,
Amplification of title,

(111) Data: Nurber of binary places in data,
Ranges of values allowed,

(iv) Results.

(+) Error

(vi) TUses: A list of all the lower order subroutines
required,

(vii) Pailures: A list of failure indications and their
cauvses,

(viii) Instructions for Use, These are

(a) Stares used; Oontents at entry; Contents at exit,

(b) Occupies: +the delay 1line storage needed for the
subroutine,

(o) Entry: the entry point or points,

(d) Time,

(e) Parameters.

(f) Waste Instructions,

(g} Useful Constants and Inatructions,
(ix) Notes, if any,

(x) Method, if it warrants descriptieon.

The description will give the order of the sibroutine, state the farm
of the numbers if not single-length (e,g. double-length, floating point) and

describe the function performed,
The error should always be stated, even if it is less than % Py,

Regrettably, it is frequently omitted: e.g, only 14 out of L1 published
subroutines of classes E, J and T specify it.

In "Uses" mention should be made if the instructions 1,14-25,0,0,0

in 1gg and 0, 13+0,0,0,0 in 158 are used, Any subroutine is entitled to
expact to find them there.
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When & subroutine uses other subroutines the delay line numbers of
these subroutines will have to be punched into the cards. It is con-
ventional to leave O in the cards in all places where parameters have to
be punched, The list of subroutines used will give their delay lines as
B, 0, D.... and the list of parameters will specify what has tobe punched
on the cards by using these letters,

The tebular layout of Stores used is extremely comvenient; it shows

which short stores are used, where the data (and the link} should be placed
and where the results are to be found, A typical example might Dbe:

Stores used 13 4 15 16 20 21p 21y
Contents at entry Link & - b - = -

Contente at exit c - - b - D 2o

o is the letter conventionally used for the result of the-caloulation:
the equation defining ¢ in terms of a and b is given under "Results",

This table shows that

(1) =& and b, the two mubers needed by the subroutine, are
placed in 1l and 16;

(ii) the link ie planted in 13;
(14i) +he result is to be found in 13

(iv) in addition, because of the working of the subroutine, 2¢ is
left in 215 and there is zero in 21,;

(v) b is preserved in 16 but a is lost from 14
(vi) +he numbers in 15 and both halves of 20 are lost;

(vii) because they are not among the stores used, the mumbers in
17, 18 and 19 are preserved,

"Ogoupies" specifies the storage space in the delay lines needed for
the instructions of the subroutine: it does not normally include the space
taken by any lower order sibroutines, The subroutine's working space in the
short stores is specified in the "Stares Used" sectimm,

"Extry" gives the location of the first instruction of the sub-
routine or, in the cese of a subroutine which computes al ternative
functions (e.g, sine and cosine), the altermative entry points, If there

is only one entry point, it is uswally in m,c.28 of the first delay line of
the subroutine,

When a subroutine ococupies less than one delay line the specifica-
tion might be:

Ocoupies m.e,0, 3, 5 - 23
Entry m. ¢, 28.

For & subroutine spread over two delay lines the specification
might be

Ooccupies 2, Jp_q5
Entry 2op
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This does not mean that this subroutine is only available in DL 2 and 3:
there will be copies of the subroutine in the library for every pair of
consecutive delay lines up to DI 7 and B, What is meant is that the
subroutine ocoupies all of ons delay line and m,o, O - 15 of the next, and
it is entered in m,c,28 of the firast delay line,

A few short subroutines with not more than 16 instruotions (chiefly
for multiplication and division) have been ooded compactly to fit into the
top half or the bottom half of = delay line, When such a subroutine is
published the detailed coding will have the "upper" version coied in the
¢arly minor oycles of the delay line and the "lower" wversion coded in the
later minor cycles of the same delay line, It is confusing that the
"upper" veraion is stored in the lower-murbered minor cycles, Cards of
the "upper" and "lower" versions of these subroutines are issued for each
delay line so that the user can pick, say DO5(U) and MOL(L) as his division
&nd multiplication subroutines and stare them in the same delay line,

The Time should always be given, but, like the error, it is
frequently omitted, When the time +he subroutine takes depends on the data
upper and lower limits should be glven, This is given so0 that the time
taken over any part of a program can be found: it is frequently essential
to estimate the time the Program needs between cards when the readsr or the
punch is running,

Parameters are chiefly preset paremeters, i,e, ones which the
Programmer fixes when first making the Frogram, such as the delay line in
which lower order subroutines are stored. They have to be punched into the
cards of the subroutine being deseribed. For instance, in the deseription
of T 01 (subroutine No,29), it is stated that the subroutins uses

8 06 (No,15) in D,L. B,
“ 12 {Hﬂ-”l'.] -in. DiIl'l ﬂ,
and ccefficients By eese a5 in D,L. D, m,e, t to (t + 5),
The entry under "Parameters" is:

m,ec, 9 Add GPE

m,c,10 Add EPE

m.c, 8 Put IF5 + tP‘I?"

When a subroutine has a program parameter, one which is set in a short

sture every time the subroutine is ertered, this may also be described under
"Parameters",

Many subroutines have a waste instruction which leads to the Llink,
often because the link cannot be placed on ane side of a discrimination in
the main loop. In such cases the location of this waste instruction is
given so that the Frogrammer can change it to any instruction he prefers:
S.Be 9 = 24 at the end of & read or punch subroutine, The waste instruction
is usually O - O with zero wait number and non-zero timing mumber, It must
not be N, 0 - 0, 0, 0, O because this has the fatal effect of talding the word
set an the I.D, as the mext instruotion. An alternative sometimes used in
read and punch subroutines is N, B - 8, 0, O, O because this can easily be
changed to 9 - 24,

Useful oonstants and instructions inolude the locations of any
constants like Far, P4g or 10~< and any destination O instructiona which the
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programmer may use in his master routine, The entry for a destination 0

instruction should meke clear which minar cycle the next instruction is
cbeyed in,

Use of subroutine cards

When a subroutine has been published copies of it cen be found in
the drawer of library subroutines punched on brown IEUCE instruction cards,
A subroutine which spreads over two delay lines will have copies for IL
¢2end 3, 3and L, 7 and 8; these will be preceded by tab cards labelled
2, 3_1 XYL Tp Brown instruction cards must never be fed into TIEUCE (H'ti].l
less should pink ones which are used for the master copies of rmrtinaﬂ}, 80
they must be copied m to green or blue ones on the Hollerith reproducer and
the brown cards replaced in the library, As soon as possible the paremsters
should be punched into the (green) copy of the subroutine, reference being
made to the subroutine specification, as incorrect and missing parameters
are vVery common sources of error.

III.5 ILdst of recommended stbroutines

There are now over 200 subroutines in the DEUCE library. Among these
are many instances of several subroutines to perform almost identical
functions, This section contains some recommendation on which subroutines
to pick: it does not give their full specifications, This list of sub-
routines must be a list of personal preferences, There is no reason to

il;ppﬂae that & subroutine must not be used if it does not appear in the
s8t,

It is not possible to name a single subroutine for each operation
because some subroutines use others, It is certainly better always to work
with ?0 binary plage numbers (this phraese is explained st the end of
IIL.5), so that the recommended subroutines far multiplication, division
and summation of serdes are A,12/1 (No,222) in which three smibroutines are
stored in one delay line; but these were issued so recently that no seeand
order sutroutines use them, If the programmer needs to take exponentials
he will probebly use E,03 (No,79) with its auxiliaries M,12 and 5,06 (Nos.1k
and 15}; s0 in this case M.12 will be the multiplication subroutine to use.

Hulti_-plicatim. division, summation of series

These are the tlree most common operations,

Recommendation: A.12 (No,221), multiplication and division only.

A.12/1 (Wo,222), all three operations

Alternatives: M,12 (No.14), multiplication
5.06 (No.15), sum series
D,05/1 (No.56), division,

All these subroutines work with 30 b,p. numbers.

Both subroutines in A,12 are "gzero order": their links, planted in
13, are obeyed Q:.g:, by using the 13 - 0 instruction in 10g, is so that links

in 13p are undisturbed. A.12/1 is A.12 with a first-order sum series

subroutine added and it uses thie property of the multiplication sub-
routine,

M,12 and 8,06 are used by & number of subroutines later in this
list. They are designed to fit into one delay line, 8S.06 is second
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order, using M. 12, When they are used D,05/1 is the suitable division
subroutine,

Square. roots
REecomendation: F.0u/1 (No,1 36)

Alternative: F,01  (No,20)

F.OL/1 takes half the time of F.04 and needs 23 instructions as
against 14, Nommally it is better to save time +han storage space,

The deseription of F,01 is an example of middled thinking, The
actual oparation is to take the square root of a, both a and va being to
n binary pleces, The description assumes that a is an integer and
introduces a perameter n without explaining its object, This is not the
only subroutine deseription whioh writes sbout integers when the numbers
involved are fractions,

Irigonomstrical functiona

Recommendations: 7.01/2 (No,195), sin EX and cos m

7.05/3 (No.242), £ tan~1 X
All these subroutines worik with 30 b.p, mmbersa,

The unit used for storing angles iz the right angle, not the radian,
This takes oare of overflow, PFor instange, the angles /L and 5%/6 are

represented by the mimbers 1/2 ena 12;'? stared with 30 b,p, If these numbers
are added in IEUGE the result is not 21/6 but o1 € = 4 = ~17/6: the angle

represented is not 13%/12 but 137/12 — o = - 1 /12, These trigonometrical
functions of these two avigles are identical,

Thus, if € is an angle measured in radians, we normally store EE_;—'"E
to 30 b,p. and dc not woryy sbout overflow, Tha only exception would be

where 8 oocurred explicitly as well as in trigonometrical functioms,
2.8+ in

§+ké+ﬁdinﬁ =0

¥

the equation g the simple pendulum with a cireular spring attached, In
this case 2-Y%/x would be stared with v se okosen that overflow does not coour,

T.05/3 muat be used in preference to T,05 and T, 05/1 - these two

subroutines give wrong results when the angle should be +/) and should not
?n E:"rﬂ.:l_'l.;.bla for use, It is a second-crder subroutine, using A,12/1
No, 222),

T.01/2 is a first-order sibrowtine which is faster than any other
routine for ite purpose,

Hyperbolio functions

Recommendations: T.07 an.’_'e‘]j}, % cosh x,

T.08 {Hn.‘l‘ll..}, ¥ sinh x,
T.11 (No,128), 2=k simh™ x or 7% cosh! x,

No alternatives exist .
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T,07 and T,08 are both second-order subroutines using an
unrecommended multiplication subroutine, M,04/1 (No.64). This can
miltiply gquantities with any fixed number of binary plages: for the
purpose of these subroutines the nunber must be fixed at 3.

T.11 ie fourth order, using E.06, M,12, 8,06 and F,02 (Nos.99, 1k,
15 and 43 respectively),

Logardithms
Re oomme nd ations: E.11 (No, 248) logX

E, 06 (Neo,99) 1::;21

Aternative : E.07 (No.100) log X

E.11 is a second-order subroutine using A,12 (No,222), It calculates
ok log X to 30 b.p., given X to 30 b.p,

E,06 is third order, using M,12 and 5,06 (Nos.14 and 15); E,O07 is
second order, using M,12 and 8,05 (No,25). The latter is rather faster,
but 8,05 1s rarely used as a sum-series subroutine because it cannot be
stored in the same delay line as M,12, Both these subroutines find
2"k log, 2%, given x; datum and result to 30 b.p,

Exponentials

Recamendation:  E,12 (No,253), o

E.03 (Wn,79), 2% with scaling factars
Alternative: E,04 (No.80), 2° with scaling factors

E.12 is a second-order subroutine to find 27* e™ to %0 b,p., given 2-9x
to 30 b.p. Tt uses 4.12 (No,222),

The only difference between E,03 and E,O4 is that between E,06 and
E.07 (sece Logarithms); E.0% is third order, using M,12 and 8,06 (Iiua.’ul.
and 15), whereas E,OL is pecond order and uses 8.05 (No,25) only.

The identical desoriptions of E,03 and E,Q4 are as difficul 'E:?
understand as any yet issued, They ssy ".., subroutine forming 2T\X™ )
where x is given to %0 b,p, and r = 2% (g » 0), Both r and q are inserted
as parameters", They are incorrect in saying r = 29 +his is not necessary,
A better deseription is " ,,., subroutine forming 2°T,2% to 30 b,p, given
7% to 30 b.p., where q and r are non-negative paramsters of the =ib-
roubine. r must be chosen at least as great as the integer part of x to
prevent overflow",

It can now be seen that if e* is wented, x must first be multiplied
by logye or half this quantity,

Suadrature
Also called numerical integration,

The only existing sibroutine - N,02 F, No,141 - cannot be recommenied.
It is also in the wrong class of subroutines,

There is a need for subroutines using Geussiasn methods of integration.

They would have to use an auxiliary routine, like differential equatians
subroutines, and plant the link inside themselves,
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Input These recommendations cover only routines reading the

A-field, The file of subroutine cards should be gonsulted for subroutines
to read off both fiul-_:iﬂ.

Recommendations: R,01/3 (No, EEB}, read one fraction on a card A
R.02/1 (Hn.1?1}, read two fractions on a pard
R.0%1 (No,108), read three fractions on a card [ a
R, 04/ {Hu“‘lﬂ&}, read four fractione on a card fgi‘i:rﬂ
R.07/2 (No.211), read eight integers om a card
R.13 | (Hu.'mﬂ:l, read integers on a oard in any la,ymﬁ

Alternatives: R.01/1 (No,8,), read one integer from a card )
R.02 (No,93), read two integers from a card fi.’:lﬂ
R.03 (No,4B), read threes integers from a card " only
R, 04 {Hi:i.‘mﬁ:l, read four integere from a card

R.08  (No.18), read one integer from the I.D.

There are 3l read subroutines to choose from at the time of writing,
The variety oocours because three factors have to be considered:

(1) TLayout on the ocard,
(1) Integers or fractions.
(1i1i) Checks on deeimal panching,

The list of recommendations is long because the user may have
dif ferent needs in different programs, It seems likely, however, that he
will usually want to read fractimms, so the somewhat simpler subroutines to
read imtegera have been listed sz alt arnatives, He will certainly want
subroutines which check that the cards have been deeimally punched because
incorrectly punched data oards give so much trouble if not noticed
immediately: the only subroutines in this list which do not check the

punching are R,13 (a later version has been mads vhich incorporates a chegk)
and R,07/2,

The be r will certainly find it sasiest to read one number per
card with R.0v/ 3,

R,02/1, R,0%/1 and R.04/2 have a table of scaling factars of the form
10D 20430." ‘e user first chooses where the dscinal points will come on the
carda: D is the number % decimal digits below the point, He takes the
values of p and 10~D 2P+X from this teble and punches the latter into the
cards of the mibroutine, The results will be given to P binary places,

R.13 is an exceptionally flexible routine. A single parameter speci-
fiss how many numbers are punched on a card, the spaoes between numbers
and how many digite are punched in each mmber - they do not all need to
have the same number of digits, This parameter is a binary word in which
each bit corresponds to a column of the card, Tt is gere for columna which
are not punched and for the columms containing the last digit of each

mumber; it is one for the columns containing the signs end the other digits
of the mmbers,

The two disadvantages of R,13 are that it reads integers (so that a
miltiplication by a scaling factar is needed if fractions are read) and that
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most of its work is done after the last row of the card has been read, This
mey mean that cards sannot be read consecutively because too ‘mich computing
would take place between cards., In sush cases the reader will have to be
switched off afier every card, Ths Epegification of R,13 gives the time
comversion takes: the user has to work out whether there is enough time

in his particular caseg

Output  Here again these recommendations cover single field ”“EH‘“T
EEEIEY only. r B

Recommendations: P,01 (No,12) s one fraotion
P,02/1 (No,91), two fractions
P,03 (No,22), three fractioms
P.O4 (No,23), four fractions a-field
P14  (No,130), fractions in varisble layout | only

“

Mternativesy P,01/1 (No,133), one integer
F.09 (No,38), eight integsrs
P.16  (No.147), integers in variable layout

Z,01 I:HEJA.E:I, display one integer on monitor,

There are nearly as many punch subroutines ss read subroutines for
the same reasons, but, since punching fractions is simpler than integers,
there is not the sams range of subroutines for punching integers,

The first five subroutines in the list are described as if' they can
be used with a range in the muber of binary places, This i= misleading
because the nunbers are punched with only one decimal digit before the

point: they have to be less than 10, so there are dangers in ueing them for
numbers with 27 b,p, or less,

F.14 ie the output equivelent of R.13. Tt is, however, a little less
flexible in that it must punch the same mmber of docimal places every time:
all subroutines for punching fractions to D deoimal places add a round-off
constant of ¥ 10~D before sterting the comversion, This disadvantage can be

ignored if the programmer is prepared to add the round-off oonstants in the
master routine,

With P.14 the layout of the numbers on the card is as flexible as
with R,13, The layout parameter im the exsct comverse of that used by R,13;
it has a one for columns which are not punched and for the final digits of

numbers, and & zero for columns where the signs and the other digits are
punched,

P.16, which is the integer equivalent of P,14, has an identical
layout paremeter, The disadvantage of both these subroutines is that it
may not be posaible to run the punch continmuously as they both do all the
camputing before starting to punch, P,1lL can just punch five 6 digit
fractions per card and P,i6 may manage four 7-digit integers. The total
time inoreases with the number of wvalues punched; e,g, the subroutines
cannot manage 6 5-digit fractions or seven 4~digit integers with the punch
running contimously., As with R,13, the user must read the specification
and work out whether in his particular oasa there is sufficient tims,
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Floating-point arithmetie

Rocomendation: A.13F, AR, A 15F, A, 160 (Nos,2%-239)
Alternative: A.11/1 (Wo,192).

Floating point numbers (a, b) represent =.2° — see IV,3. The first
four subroutines store a (a fraction) and b (an integer) in a pair of words,
the last one stores & and b in the same word, It is slower and considerably
less acourate, but it takes considerably less space for staring numbers,
Subroutine A,1% ocmtains Add, Bubtract, Multiply and prepare, The A,ILF,
A 15F and A, 16F subroutines add on Divide, square root and sum series
respeatively,

ther fleating-point funections

Recomerdations: R.19F/1 (No,269), read floating decimel vectar and stare
in fleating binary,

P,10F/2 {HE.EE{I), punch floating binary number in float-
ing decimal,

E.05F/1 (No,235), exp x.
E.10F/1 (No,209), log_x.

AMternative: P,13%/3 (¥0.202), punch floating binary mumber in float-
ing field,

Double-length arithmetiq

Recommendations: M,10D fﬂ'ﬂ.}}ﬁ), multiplication,
D,12D (No,66), division,
F.0D (No,67), square root of integer,
8.0 (No.4L), sum series.
R.11 (No.69), read integer.
P.06D (No,21), punch fraction,
P,15D (No,132), punch integer,

Alternative: R.13 {Hu.ﬂ!lﬁ), can be used for reading double-length
integers as well as single-length crmes,

All these subroutines have double~-length arguments and results,

Oontimious stare

Hecommendatiema: B, 04 .fl'I-::dBL Teteh or stare in delay lines,

B.02/1 (No,161), fetch or stare tracks,
B.06 (No,200), fetch or store consecutive words on drum,

Alternatives: B,03 (No.181), fetch consecutive words fram drum,
B.Oy  (No.182), store consecutive words on drum,

B.05 { {Hu,ﬂ;‘:‘!}, modify ummamttiva(mdn :;u drum
Also B,09 {(No,210), B,10 (No,251), B,11 (No, 266 B,12
° [ 1) WH&,EEE}
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To the rrogrammer, one of IEUCE's chief disadvantages is the lack of
& large continuous store, Words have to be split into blocks of 32, whereas
Pegasus, for example, has been carefully designed so that it is reslistie to
address the words on the drum consecutively, Subroutines of this class are
designed to make it posaible to treat IEUCE's meroury and magnetic drum
stores as continuous,

B.01 (gensrally kmown as "Petch and Carry") makes the mercury stare
contimious. It is given an instruction in TS 13 which, if cbeyed ummodified
and Q3p, would fetch or stare word mumber O of the series, The nunber of
the ward to be fetched or stored is placed in T5 14 and the subroutine is
entered at the "Fetch" or "Stare" entry points, The subroutine modifies the
instruction in 13 suitably and then cbeys it, If the instruction placed in
1318 2, 6 -~ 16, 0, 0, 12 the mmber in 14 is 1;.2?1T and "Fetoh"™ is entered,

the instruction obeyed 1s 2, 7 - 16, 0, 10, 12, The consecutive wards in
the Btore ara En,. 51’. [ 531, ?ﬂ’ AR e ?31, Bﬂ; TR

With B,01 the unmodified instruction should alyways refer to m,c,0,
If the instruction were 2, & - 16, 0, 2, 12, the consecutive wards would be

631 Ell_.i L 631. En, 61, EE" ?5; o ?31; ?ﬂ’ ?1, ?E, E‘} e

B.02/1 will fetch one trask of the drum to IL 11 or store TL 11 on &
track. It is given a single parameter (in T8 15) which specifies both the
number of the track and whether "fatoh" or "store! is being used, This
subroutine includes B,01,

With B.01 and B,02/1 the programmer can refer to wards in any
séquence he chooses, More frequently he will want to pick out words
consecutively, B.06 is a first-order subroutine with five entry points to
enable successive words on the drum to be fetched or to be stored; only
two eritry points are used regularly, The programmer first enters the
subroutine at the points "Prepare fetch" and "Prepare store" with paremeters
which specify the locations of first worde of the sequences to be febched
and stored, In the main locp the entries "Petch" and "Stare ocan be used as
often as the programmer requires to handle the sucoessive words, At the
end the entry peint "Complete Store" is used to write the last track on the
drum

Simplified versiona of B.06 have been published for the cases where
Storage is unnecessary (B.03), fetching is uanscessary (B,0}), and where the
programmer is fetching and storing the same sequence of numbers (B.05),

WARNING More than most of this note, this list is likely to become out of
date. All the authors cen hope to do is to recommend subroutines from
those available in March 1959, If some of their suggestions for new sub-
routines are taken up, or if new versions of existing subroutines are made
to use the recommended subroutines instead of unrecommended ones, they will
be only too pleased to see the list become outdated,

IIT.4 Specifisations of programs

The programmer should write a set of operating inatructions for a
new program as soon as it hag been fully tested, In practice, however,
thie is usually left until ten minutes before somebody who bas never seen
the program has to operate it (alone, on an evening ghift), and the chaos
that results may take days to umravel,

The operating instructions should first glve the minimm information
necessary if all the data cards have bean prepared and the program works
perfectly:
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(1)  The name or mumber of the program,

(11) The order of the cards, (The whole pack of progrem cards
should be read before any parameter or data ﬂﬂ:ﬂs.}

(1i1) What to set on the I.D, - if anything, This is better avoided,
(iv) The setting of the mumbering switches on the punch,

("-") How to recognise the end of the Program - specify what
appears on the I.8. lights,

(vi)  If known, how many oards will be produced,

(vii) Any checks the operator shoula perform immediately - e,pg,
running the program twice and comparing results,

Be brief, and do net expect the reader of this ssetion to have any
intelligence,

These should be followed by details of what happens if the Program
does not work perfecily,

(viii) The location on the monitars or the 0,8, of any counters
which change steadily, so that the rator can see whether
the program is warking correctly, (This is particularly
necessary in programs which compute for long periode without
reading or punching, )

(ix) How to make an "emergency stop" - if one has been written
into the program,

(x) Alist of all the failure indications,

(xi) How to restart the program, partioularly after an emergency
stop. (Bay here whether reading the last one or two program
cards with initial input is sufficient %o bring the entire
program down from the magretic drum, )

This section will have to assume scame intelligence from the cperator,
Finally, for experienged operators only,

{::ii] Exact details of the punching of data cards and any parameter
cards,

When these operating instructions have been vwritten it should be possible for
the program to be used without any further reference to its maker, It ig well
worth showing a draft of the operating instructions to someone else, prefer-
ably to a oolleague who has not been concerned in writing the program, to get
advice on the English as well as to find any embiguities or omissions, At
R.A.E, ths operating instructions must be shown to a Vetting Committes, This
committes also malms recommendations ebout the organisation of programs,

When a program has to be written up for publication in the IEUCE
Library the operati instructions can form a basis for the specification,
Some items, e.g, ELJ;?, (vi) and (vii) may have to be amitted because they
depend on the particular job, Others, such as an cutline of the method,
will be inserted and the various ssotions placed in a different order,

The specification of a program can be more flexihle than that of a subroutine,
The following will probably be the main headinga:
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Summary,

Data, How punched. ILimits on values,

Results, How punched. Number of cards expected,

Operating Instructions, Same of Su_}, Eiii}, (v), (vii), (viii),
(ix), (x) and (xi) of the operating
instructions.

Description of the methods used,

PART IV  SPECIAL TOPICS

The nine sectims that follow are intended for the more advanced

programmer. Knowledge of the topics dlscussed is helpful, but ignorance is
not disastrous,

Acoounts have already been published of the Detailed Ooding Program,
the Program Changing Routine, the NPL General Interpretive Program, the
Alphacode and the RAE Translation Routine for a single address code,
Nevertheless, it has been thought desirable to include brief summaries of
these progrems in this Note, since the publications are not always easily
accessible and anyway cater only for the experisnced programmer,

As far as the authors are aware, no publication concerned with IEUCE
has yet appeared dealing with floating point arithmetic, as used on IEUCE,

The specifications of subroutines are not a satisfactory introduction to the
subject,

No readily available account of interpretive programs has appeared,
What literature exists is scattered in many journals and books., The short

article in IV,) describes scme of the reasons for having such programs and
their use,

The three TEUCE conventions on matrix algebra are brisfly explained
&nd campared in IV,7. The most important of these is 'Scheme B', which is
used in connection with the Gensral Interpretive Program,

The simplified programming system known as "Alphacole" is described
in IV.8., Ease of programming is bought at the expense of time on the
computer,

The ninth and last section concerns Logical Design, This comprises
the considerations that go into designing a computer to perform certain
functions. An understanding of what goes on inside the computer is often
useful, besides being interesting in its own right,

IV.1 The detailed coding program (R.A.E.415)

R.AE.415 is a program constructed to assist in the detailed eoding
neceasary for IEUCE programs after allocation of storage has been completed.
The program is simple to use, is rapid in sction amd caters for all the
whims of the programmer, Pacilitiss are available far inoluding librery
subroutines, decimel and binary constants in a program, There are also
some checks on the consistency of the information pressnted to IEUCE, A
complete description of R.A,E.415 has already been published (Ref,7) and
the cperating instructions are also availsble separately (Ref,8)
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_ Instrctions are punched, in decimal, directly from the flow diagram,
with one instruction per card. The logation of the instruction is punched
on each card, Tt is not, in general, necessary to specify the position of
the next instruction as this is the place where the nmext instruction is
stored and is therefore punched with the instruction itself, There is =
facility for breaking the sequence, as may happen at the end of a loop
when there is a jump to an instruction that has already been stored,

There is a gpecial facility to allow the coding of links and 'quasi-
instructions®, as these ars not cbeyed from the minor oyele in which they
are stored, The maximum length of a program that may be coded is 168 IL's,
Decimal constants may be either fractions or integers with a scaling factor,

The output oconsists of the coded program., There is also a failure
card which records the number of elemsntary blunders of particular types.

These errors make the routine place distinctive markers in the program ard
are easily located,

IV.2 The program chenging routine (R.A.E,180)

The cbject of this particular program is to facilitate the construc-
tion of large programs, As a camplete deseription of the routine is
evailable (Raf,9) we content ourselves with only a brief summary,

Programs too lerge for the high speed store can often be split wp
into logically self-contained blooks that are suf ficiently amall for the
high speed store. These blocks of rrogram may often be of use in their
om right in other programs, rather like subroutines, Ons is thersfore led
to the idea of constructing a complete program from several sub-programs
linked by a master routine, Bvery time a sub-program is to be used it is
necessary, before entry, to plamt a link fhat will return control to thas
correct place in the master routine after the sub-program, Slightly more
1s necessary, however, if the programs are large. In general, it is
impossible to keep the master routine always in the meroury store, We
therefore adopt a system whereby either the master routine or a sub-program
is 'domstairs', It is therefore necessary for the master routine to know
where each of the sub-programs is to be entered - we must give & 'ous' -
and aleo where it has been stored on the drum,

It is desirsble to be able to specify the position on the drum and
size of the master routine and sub-programs in as acmpact a form as possible,
in & form rather akin to the parameter required for Magnetic Fetch and
Oarry, A special routine is then required to fetch snd enter the master

routine or the appropriate sub-program, This iz the role of the Program
Changing Routine,

This routine has four entry points, The master routine normally
enters it at 1, with a cue and a link (described below) in 21, and 21 30

Both are stored on the drum, The gue is then interpreted and the appro-
priate sub-program brought down and entered, Generally the sub-program
ends by bringing the Program Changing Routine imto the high speed store and
entering it at 1,, The link is now interpreted and cbeyed, so that the
master routine iﬁ' brought down and entered at the correct point,

The other entries are much less frequently used. They are described
later in this sectian,

The cue and the link are alike in form, The only difference 1s that
one, the cue, refers to the sub-program whereas the other, the link, refers

to the master routine, Both oue and link must be supplied by the master
routine,
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For convenience, sub-programs are made to end in a standard way, so
that they can eamslly be fitted together, The last three minor cgycles of
DL 12, i,e, 1225. 30,3 ore used to store three instructions which will

b » .

fetoh and enter the Program Changing Routine, These instructions are
transferred to DL 1 at the end of the sub-program, by the instruction

1, 12 =1 (32 me.)

leading to 135. There i= a special one-card program, R.AT,181, for
planting these three instructions in IL 12,

Sometimes a sub-program itself is too large for the high speed
store, It must then be gplit into two or more parts that use the high
speed etore in turn, One emiry to R.AE.180 allows for this possibility
by adding a quantity given by the sub-program to the cue so that the next
part is called down, Thus if the whole sub-program consists of two parts
end the necessary cues, if the parts were used separately, would be C4,

Cz, we first give R.A.E.180 the cue Cy. This will allow the first section

to be cbeyed, The cus itself is stored, For the second section we arrange
that the first sectim leaves (0, - ll',‘-1} in the gorrect place and enters

R.A.E.180 at the appropriate emtry point. The previously stored cue, Gy,
is added to (Oy -~ C4) and the resulting cue, C,, is stored and interpreted,

calling down the second part, After this section we re-enter the Program

Changing Routine at 1, as usual, interpret the link and return to the
master routine,

There are several such sub-programs already in existence which can
be used in a variety of programs, If they are to be of gemeral applica-
tion they should not contain & cue which depends on the position of the
sub~program on the down, So the first section of the sub-program cannot
give the cue U; directly to Program Changing Eoutine to call down the
secand section because C, contains the mumber of the track on which the
first delay line of the section is stored, On the other hand the second
section will always be stored adjacent to the first section, so {ﬂz = ‘31}:
which contains the difference between two track nurbers, does not depend on
the position of the subwprogram on the drum, It can therefore be stared in

the first section of the mib-program and planted in the ecarrect place for
the Program Changing Rmutine,

The Program Changing Routine has been assembled with the various
ddministrative programs into one pack, called R.AE,3%21. This comprises

(i)  Clear Drum (R.A.E, 353).

(11) Bet even minor cycles and clock brack (R.A.E,354)
(ii1) Write on drum (R.A.E,136).

(iv) R.A.E,180

(v) Plant instructions in 1259 30, 31 (R.A,E,181),
(vi} Enter master routine (E,A.E.138),

The 'private' program is inserted between items I:ill:l and (iv),
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R.AE 138 is a one-card program which allows the first entry to the
master routine, The link has to be pwched on the 9's row of the para®,

If working with double field programs (1), (11) and (ii1) above
can be replaced by R.A.E, 481 and (v) and (vi) by R.A.E.LE2.

The cue and link are of exactly the same farm, The sue i=a always
planted in 215, the link in 21 e

The specification of R.A.E.180 is given below, For a fuller descrip-
tion of the routine and its use the reader is referred to Hef,g"*_

ecification of R,A.E,180, the Program tine

When the parameter NP, + WPg + 1245 4 (r = 1) Poy + tPyg is

interpreted the routine will first read the tracks fromm to (m + » - 1)

from the drum and store them badkwards in delay lines r to 1, Control
will then be sent to Ng.

The parameter interpreted depends on the minor cycle of entry and the
content of Ts 13 on entry as follows:-

Entry 1, with cue and link in 21, and 2‘15; cue and link stored and
cue interpreted,

Entry 1), wWith T3 13 clear; previously planted link interpreted,

Entry 1# with Py, in TS 13; previously planted cue modified by the

additi of 212, then stored and intermreted, The link is
unaffected,

Entry 1y = previously stored link interpreted,
Bntry 154 - parameter just planted in T8 14 interpreted,

(These last two entries are kept because the previous version of the

routine had them, In new rrograms the entries st ?lr- should be used in
rreference to these, )

If any of the parameters intermreted contains &PEE the machine will

stop en N, 11 - 1 immediately befare entering the program at Ny. This
facility is useful when testing the program,

The routine ocoupies IL 1 ard should be transTerred there before entry,
It should be stored on track 254 of the dram, for it rewrites itself om to
that track each time a new cue or link is given, thus preserving these para-
meters for later use, The ocards are punched so that the routine will be read
to this track of the drum by R,A.E.1%. Ncrmal input to the delay lines will
be resumed after the input of this routine ,

*In en older version the link is punched on the 2's row, Far the curreni
version, if there is punching in column 4 of the B's oW +be paramster can be
set up on the I.D. keva, The machine will stop on 1, 0 = 14 X to read this
parameter,

**There is an error on p,10 of this reference, The first two instructions
should read

1?: 113 - 213
- 129 -
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The routine uses Ts 13, TS 14, T8 15, I8 21 and IL 41, No other

stares are disturbed except those delay lines into which new program is
transferred,

Insertion of parameters for sub-programs

It ie often necessary to leave parameters in a partioular place for
use by one of the sub-programs. Many programs are arranged so that they
expect to find the necessary parameters in QS 18, A useful systematio
method of planting parameters and the cue and link is the following one,
shown schematically,

I A IL (A + 1)

A, (A+1) - 18, 1, 30, 1

paramsters 18

Link 184
Cue g for sub-program 1 for 185
1, A=21, 2, 23, T sub-rrogram 1 135
A, (A +1) =18, 1, 30, 1 parameters 18y
Link 184
Cua g far sub-program 2 for 185
1, & = 21, 2, 28, T4 sub-program 2 185
eto.

In this particular arrangement the master routine has R.4.B, 180
as its IL 1. The timing number T (above) is chosen to leed to 15. The
program is faster if R,.,E,180 is incorporated in the master routine if this

is possible, but thia is not essential as the difference in time is very
small,

Iv,3 Fleating point arithmetic

The diffioulties of scaling all problems sc that numbers occurring
etay within the capacity of the machine have already been mentioned., A
systematic method of Bc.nljng is very desirable; as far as possible it
should be easy to use. Floating point arithmetic meets these demands.

Use of floating point erithmetic is rather sldn to using logarithms,
The emphasis is on mumbers of significant digits, not on the total number
of digits., This brings its own difficulties, but these are matters of

mumerical analysis not programuing.

Instead of staring the nurber x we store two numbers associated
with it, a mantisea and an exponent or secaling factor, We write x as

x:a.zb

where b is an integer and £ < ia.1 € 1, {(There is some ambiguity about
% = 0 and the end-points as this stends - this is resolved below.) We call

a the mantissa
b  the exponent.

and
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For each mumber x we now store the pair f&, b) which will pgenerally take

two words, On IBUCE this meens that || < 231 and so we can handle numbers
in the range

8 8
1076:10%¢ 1 ¢ 106.10

This renge is so wvast that most ordinary needs are ezsily met,

If a lies in the rangs %:ZLEI < 1 we can store an exsct power of 2
in one of two ways. Suppose x = 29; +then we could write

x:Eﬂ-'iﬂI‘zd*'i-'&

end both the possible a's lie in the renge, We therefore restriot the rangs
by removing two end points and say that a must satisfy

sither leac~% ar Ycact,

(In either case the munerically smller end is ingluded,) The murber 24
would then be stored, unequivocally, as

x = 2 4

whare the mantissa is 3 and the exponert a + 1,

One exception occure to the rule with the mntissa, It is impossible

to represent zero in the form a,?” with |al > %, Therefore y by convention,
we put

0 = 20 . 0,
i.e. stare O as the pair {0, 0),

So far the remarks sbout floating point arithmetic have been applic-
able to all machines, For the rest of this section we zhall be concerned

with the floating point erithmetic available on IEUCE.

The mantissa is always stored to %0 b,p., With the convention

about the range of a this means that the threce most significant digits of
a are either

100 (a >0} or 011 (a < 0),

A nunber that has been expressed in the shove form is said to be in
'standard floating farm' or 'standard floating binary' (s,f.b,), For
ordinary floating arithmetic we store (a, b) in ocomsecutive minor ayocles,
With b in the even minor cyole and a in the odd one, (There are some other

schemes, where the exponent and mantissa are stored in a different form,
These are mentioned belaw,)

All the floating point subroutines include a seotion called "Prepare’
which puts a number into stendard form. To enter Prepare the number x must
be given as

x = E’L.Eb

wrere a is to 62 b,p, in D8 21 and the exponent is in TS 13,
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Example 1 To put the integer n into e.f.b, This is achieved by
(n) -~ 21 (2 m.e,, e,0,)
(62 P1) - 13
(Enter Prepare)

Example 2 If the integer n is lnown to be less than 231 in modulus a
Taster method is

30 - 21,
I[Il-} = 2‘13
(30 P1) - 13

(Enter Prepare)

Prepare will now shift up the number in IS 21 until the ton three
(binary) digits are either 100 or 011 and count the number of shifts
required, This means that a is brought to standard form and the exponent

ad justed acsordingly,

A convention with floating point subroutines is that the link should
be placed in 192. Unfertunately this is not always cbserved,

In the examples given below we shall use the subroutine AOTR/ 3
(IBUCE subroutine 214), which contains six sections, called Add, Subtract,
Multiply, Divide, Square Root and Frepare., It i= normally stored in IlL's 2,3
and L and its entries are
Add L21 Subtract 6 Multiply 230

Divide 23 Sguare Root 40 Prepare 225

The link is always in 195, the cperands in I8 20 and IS 21, the result in

IS 21 and also in T8 13 (expoment) and T8 14 (mantissa), The only exit
from the subroutine is via '"Prepare!.

/Example 3
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Example 3 Given x, in 17o,4 and x5 in 17, ; place y, = % (x; + x,) in 18,
and :.Fz = ‘||III112 in 152 3

1?0’1 - 20 [2 m.ﬂ.} 11

1?2’} - 21 (2 m.e,) X,
Link - 19,
@ Puts X, + x into I8 24
11 27 - 26 Exponent is in TS 13 at end
13~ 21, Reduce exponent by 1, i,e, % (x; + x5)
s -

18{],1 (2 m,e.) Store & (x..l + xE) =¥y

7,0~ 20 (2me) =x

*

Py | (2 m.ﬂ.}

Link - 192
Multiply X%, inIB8 2
Bquare Root 1"L]x2 = ¥o
13021 -18; 5 (2 moe.)  Stare y,

All our arithmetical operations now have to be done by subroutinss,
Often there is considersble lose of time, especially in 'Prepare', as the
resultis of all operations have to be put inte standard fam, When doing
many additions this loss of time can be quite seriocus - miltiplination ias
quite fast because one shift at most is needed to bring the result to
stardard form, Addition and subtraction, however, require that the
exponents of the two mumbers are the same, so that some shifting dowm is
required and then quite a lot of shifting up may be needed at the end, In
gemeral fixed point arithmetie is reckoned ams being about 10 times faster
than fleating point, On the other hand, there is a conmiderable gain due to
the avoidance of sceling.

There are occasions when more acouwracy is required than that given by
the 32 binary digits of the mantissa, (esbout 10 decimal digits). To this end
some double-length and even triple-length floating point subroutine exist,
The mentissa now needs two (three) words and the whole number takes up three
(four) oonsecutive words. The use of such subroutines is very similar to
the ordinary single-length floating aritimetio.
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On the other hand the range of exponent is often mich more than ie
required and frequently fewer than 32 binary digits will suffice for
acouracy. There are some so-called 'packed-floating' point subroutines
which store the exponent and mantissa in one word, The eight least
Bignﬂiﬂantﬂhs,igita are used for the exponent (to give x a range of roughly
10749 to0 10%Y) "ana the remaining 2, digits are the mantissa, Full instrue-
tions for their use are given with the subroutine specification sheets,

Input and ocutput of fleating numbers is ashieved by subroutines which
convert from fleating decimal to floating binary and wice versa,

IV.y Interpretive and translating programs

Programmers in general are dissatisfied with the machine at their
disposal, Whatever facilities are supplied by the engineer, the mathema-
tician invariably demands more, Changing an existing machine is not am
sasy matter and much time has therefare been spent on eonstructing programs
to make machines behave as if they had differemt facilities available, This
procedure is useful only if the writing of programs in the artificial
instruction code is considerably simpler than writing the corresponding
program in the natural code. Such 'artificiel programs' will require much

legs teating than normal Frograms, because the new code will be much more
powerful than the actual machine code,

Two approaches are now possible, The first method is to translate
every artificial instruction into the corresponding sequence of natural
instructions at input, This means that before the program of artificial
instructions is cbeyed a complete program is written by the machine, This
machine-language program is then obeyed in the normal marmer. Programs
that opurate in this manner are called 'translating programs', They may be
very ambitious and prepare a program from a coie that is closely allied to
ordinary mathematical notation, Such programs are often referred to as
'Complilers' or 'Generating Programs', On the other hand, the translating
program mey be quite small and do a 'word for word' translation, An example
of such a program is R,A.E.L2, described in IV,5, This routine allows
TEUCE to be programmed as if it is a one-address machine,

The second possibility is to provide the machine with a dictionary
and translate every artificiel instruction as it is encountered, This will
be much slower because no record is kept of what has been converted into
actual inetructions. This means that the instructions of a loop have to be
translated every time the loop is traversed, Such programs are called
'Interpretive Frograms'. An example of such a program developed for IEUCE
is the NFL General Interpretive Program, described in IV.6.

It is not the intentien to give a full aseount of such programs
here but rather to introduce the reader to a fascinating topie.

On machines which have fixed point arithmetic the sealing of mmbers
to keep them within the capacity of the machine is often a source of
trouble, Floating peint arithmetin, introduced in IV, 3, presents a way out
of the diffioulty, However, it is tedious to usé because every cperation
hae to be programmed or done by subroutines, which will all require links
that mist be planted correctly, A very common form of interpretive program
is one to convert a fixed point machine inte a floating point machine®, An
instruction code has to be made up and the floating point subroutines are

B Paradoxically, on the Perranti Mercury Computer, which narmally werks in
floating point arithmetio, an interpretive program is necessary to do
fixed point arithmetic,
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ingarporated in the interpretive program, The instructions in the new ooda
are then interpreted one by one and with each instruction the appropriate
subroutines are called by the interpretive routine, Generally the artifieisl
instructions are cbeyed sequentially (unlilke ordinary IBUCE instructions),
because the time taken to cbey each one is so long that nothing will be
geined by trying to place them in a better order, At present there is no
such floating point interpretive acheme for DEUCE,

A second very common type of interpretive program concerns matrix
algebra. Here, programs to perform ocperations on matrices, such as sddition
and multiplication, take the place of the corresponding operatioms on numbers,
The code is arranged so that & matrix is dsfined by -the address of its first
element and en instruction might take the farm

a+b— o,

where this is to mean that two matrices, starting at a and b, are to be
aided and the result is to be placed at o, Often the available functions
are mubered, btut codes do exist where mathematical symbols, like +, may be
written in the inatructioms, Such matrix interpretive programs allow one to
construct extremely complicated programs with very little effort., The time.
taken in interpreting artificial instructions is now very mmall compared to
the time taken by the actual matrix operatioms: it is rarely worth the time
and effort to meke a repid mester routine to link the matrix programs if the
whole program is to be used only a few times,

The NFL General Interpretive Program, described in IV,6, san be used
for any operations, slthough it is generally only used for matrix algebra,

V.5 1The R,A.E, trenglation routine for a single-address code (R,A.E..2L)

One of the reasons why IEUCE is an ewkward machine for which to make
small progrems is its two-address (Source and Destination) code: another is
the optimum coding which follows the writing of the flow diagram, Certainly
the simplest type of code is one with a funotiom and one address in which
instructions are stored in the order in which they are obeyed, A roautine
R.AE.}24 exists so that TEUCE can be trogrammed as if it were a one-address
machine, It translates each "instruction" into IEUCE instructions almost as
soon as it is read, and only the IEUCE instructions are stored while the
program is obeyed,

This section will not desoribe the translation routine in every
detail, sinoe this has already been done by its author (Ref,5): only the
salient points will be brought out.

The "instructions" are punched in binary - 32 instructions take 3
cards, Just like ordinary instructions — with the function F in the P10 ta
P14 digits and the single address (A,B) in the P4 to Pk and P5 to P9 digits
respeotively, The address is written as a pair of nmumbers because it
usually refers {0 minor cyale B of delay line A, Table 1 gives the effect
of the "instruction" in deley line 4, minor oyele n: unless ctherwise
stated the next instrustion ie in Qg

/Table 1
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TABIE 1
Effect

Next instruction in Ag, not in dy 4.
c'(13) = c(ag). ©fAg) unchanged,

c'(14) = c(ag). O(Ag) unchanged.

¢'(15) = c(ap). C(Ap) unchanged.

c'(16) = c(Ap). C(Ag) unchangea.

c'(13) = ¢(13) + o(kp). C(Ap) unchanged.
0'(13) = c(43) - c(Ag). C(Ap) unchanged.

C'{4g) = c(13). ¢(13) unchanged.
c'(Ag) = c(1y). 0(14) unchanged,
e'(14) = 2B cf1y), (A has no effect),
c'(1y) = 2B o1y). (A4 hae no effeoct),

Next instruetion (in 4. , if C(13) » 0) (4 and B have no effect)
tin a0 if C(13) < Ej

Next instructiomn (in 4,4 if C(13) = 0) (A and B have no effect)
g:‘m d o if 0(13) 4 ﬂi

The machine stops, No other effect,

Not used,

Dummy instruction.

Used for subroutines. Explained below,

The program, R,A.E.4Z2), takes 32 of these words and stores them in &

delay line,

It then takes them one by one, trenslates each into a ITEUCE

instruction and stores the IEUCE instructions, Having translated 32 words
it writes them on the megnetic drum and reads the next 32 worda, Table 2
gives the dictionary which the translation program uses for the word in
minor oycle n of delay line 4,

/Table 2
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TABIE 2
Function IEUCE Instruction

N, S. D. Ch, V. T,

0 A, 13-13, 0, 0, B-n-2
1 d, A=13, 0, B-n-2 3
2 d, A-14, 0, B-n-2, 3
3 d, A-15, 0, B-n-2, by
N d, A - 16, 0, B-n-2, b1l
5 d, A=-25, 0, B-n-2, 3
& d, A-26, 0, B-n-2, 3
7 d, 13- A, 0, Ben-2, 3
8 d, 14 - 4, 0, B-n-2, 3
9 d, 24 - 14, 1,  32-B, H
10 d, 23-1y, 1,  32-B, H
11 a, 13-27, O, 32-B, H
12 a, 13- 28, o0, 32-B, 3

13 d, 13 -13, 0,  32-B, X
15 d, 13-13, 0, 32-B, M

It is suggested that a number of function 13 instructions should be
inserted in the program for testing purposes, When they are no 1

wanted only one hole need be punched to make their Punction 15 and they
become ineffectiwve.

The main functions of the translation routine have now been glven,
but it performs certain other operations as well,

It is possible to include ordinary IEUCE instructions among the cne-
address codes, They are punched in binary in the usual way with the P™
added and the routine stores then unmodifisd, This facility is used chiefly
for inserting magnetic transfers,

Functions 16 to 3 oan be used for subroutines, The user picks
subroutines whose data and results are to be in the T8's (in partioular the
links must be placed in 13) and nunbers them 16, 17, +es In the translation
routine he inserts ome parameter for each subroutine, Then each time a
subroutine is needed he punches the corresponding functien (without any
address) and leaves the next word blapk. The translation routine storea the
instructions: the first plants the link end enters the mibroutine the
second is the link ~ a dummy instruction which leads back imto the

program,
In this wey multiplication, division, square root and other functions can be
built in,
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In the tcp row of each trizd of cerds the user punches the treck on
which the triad is stored. On the second row he punches the number of the
delay line in which it will be obeyed. The third row is punched if every
instrustion is a IEUCE instruction: this is used for reading subroutires,

If the fourth row is punched the translation routine will not read
any more program cards: instead it will bring track 1/0 into DL 2 and enter
it at m,c. 0, The translated IEUCE instructions are now cbeyed, Among them
there will have to be magnetis transfers to britg the rest of the program
dorn from the drum into the right delay lines.

The advantages of this tranglation routine mre that short programs are
easier to code and less likely to be in error when coded, The obvious dis-
advantage is that it wastes time in cbeying the instructions because it
ignores the possibility of optimum coding, This is not such & serious dis-
sdvantage, however, in programs where the master routine strings together
various subroutines and does little else, and in particular in programs where
most of the time is spent in input end output,

V.6 The W,P,L, General Interpretive Program (G.I.P.)

There are three comvenmtions sbout metrix algebra on IEUCE, all
originating at the National Physical Laboratory known as Schemes A, B
and Z, The cne of greatest interest and most widely used is Scheme B, This

will now be desecribed only briefly, as adequate accounts already exist else-
where (Ref,12),

Matrices are all stored on the drum, the slemermts of each row being
stored consecutively, The size of the matrix is stored with the matrix
itself', as is the mumber of binary places and the grand sum of all the

elements and these parameters. This sum is used as a check against machine
failure,

The core of Scheme B is the General Interpretive Program (G.I,P.).
To date (September 1957) four versioms of the G,I.P. have besn published,
each one with rather more facilities than its predecessor., The latest of
these G,I.P.'s is C.I.P,5%, The use of these programs is very similar and
anly G.I.P.5 will be described.

The program stores a series of sub-programs, called 'Bricks’,
selected by the programmer for his partioular job, The bricks are cbeyed
under the control of a sequence of cadewords, Writing these codewords is
the only programming required if the necessary bricke are availsble, The

codewords infarm the G,I,P, about what is to be done next: this may be the
exeoution of a brick or some administration, such as counting, of the code

words themselweg,
A hrick muist satisfy certain simple conditions, These are:
(i) it uses one of two special initial cards;
(i1) it leaves 12, amd 12, 5, untouched;
(1ii) it leaves T8 413 clear at the end:
(iv) it starts with either 9 - 2 or 12 - 24;

(v) it has no punching in Hellerith column 1;

* G.I.P.}4 wes an experimental program, suppressed by its euthor,
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(vi) it ends with 12 - 1 (32 m,c.), leading to 149;

(vii) it expects to find any parameters, a,b,e, it needs in 185 4 o
respectively, » 1

Most of these conditions are digtated by the G.I.P,

The bricks required to perform a camplete program are first assembled

and numbered sequentially, starting at 1. Soms bricks consist of more than
one section - such bricks count as if they were several consecutively

mubered bricks. The codewords will refer to the bricks by the mumbers they
have been given,

The mssembled bricks are now ready to be fed into the IBUCE, The
complete pack is made up from

Data (as required).

It is recommended that the bricks rill the IL'a in the same order as
ardinary programs, i.e, highest mmbered IT, Tirst, but this ie not essential

Timnudewmdnmﬂlnfthefﬂm

a, b, o, r,

These quantities all have eight binary digits and are stored x 1, x P9,
x P17 and x P25 respectively,

If r < 31 the numbers a, b, ¢ are the parameters required by the
brick whose nunber is r. This implies that not more than 31 programs
(bricks or sectians of brioks) may be used. There is a method, given below,
for increasing this mumber. Before s brick is entered the G,I,P, will place
a, b, 0 in 1&0’112, all stored as multiples of PS5,

Values of r > 32 refer 1o operations on the codewords, In this case
the numbers a, b, ¢ refer to the mwbers of the codewords themselves, 96
codewards are allowed, and these are placed in 'oodestores' 0 - 95, There
&re some axtra codestares, 96 - 127, used by the G.I.P. Some of them
contain useful canstants, We denote the contents of colestores a, b, o by
A, B, G, The full list of functions available is given in Table 1, on
Page 140,

The codewords are normally 'obeyed' sequentially but the functions
r =141, ...., 45 perfarm operations with the codewords that are similar to
the use of destination 0O, Generally B will be a count and A a basic code-

ward, We can then have a lo repeated with alightly varying parameters,
@.g. the matrix power series example 2,
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TAHLE 4
Fungtione of G.I.P.5

A, B, C denote the contents of codestores Wos. a, b, o, where these
are the parameters specified in a codeward,

Meaning of r far values > 32

I =

H
"

H
n

H
I

H
]

H
]|

32

If b = O replane section a onwards, reading in o sections
altogether (with the provision that at least (a - 1)
seotions must be in store already).

Ifb {: O pass one brick through the reader and chey it,
using the given values of a, b and ¢,

If b = 0 = O read data card bearing N , Py7on ¥ row and N

ssctions of program (mumbered 1, ..., N).
Jump to oode No, o,
Jump to code No, o if A is negative otherwise jump to b,
Jump to ocode No, ¢ if A is non-zero cotherwise jump to b.
Jump to code No, ¢ if B » A ¢therwise contimue normally,
Jump to code No, o if B 4 A otherwise comtimie normally,
Replace C by A + B and proceed to next code,
Replace C by A - B and proceed to next code,
Replace C by A and proceed to next eode,
Ubey A + B, add P1 to B and jump to o,
Cbey A + B, add P9 to B and jump to o,
Obey A + B, add P47 to B and jump to .

Ubey A + B, add C to B and continue normally,
Cbey A 4+ B and jump to o,

Jump to a, proceed until (b + 1) is ebout to be obeyed
then jump to o (b 4 0).

Read a set of 32 codes into IL 9 + ¢ m,c,0 onowards and
jm:ptn'b(c:ﬂ,1n::r2}.

Put a, b, o in @8 17 far next mrogram,

The following special constants are available in codestores 120 - 127,

Codestore
120 Zera
121 P1
122 P9
123 P + P9
124 ™7
125 P1 + P17
126 P9 4+ P17
127 1 + P9 + H1N7
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Example 1 To form XY™ from given matrices X, Y,

We shall require bricks to read matrices, to multiply them and o
fnmuh out the result, The matrix multiplication, however, multiplies XY¥'
ma

trices are stored by rows and this arrengement is more convenient), The
bricks, then, are

Name Sections Numbered
Read Matrix 1 1
Trensposc Matrix 1 2
Multiply Matrices 3 3
Punch out Matrix 1 6

The necessary codewords are

No, Remarks
0 0 0 @80 1 Read ¥, stare on track 60 onwards.
1 60 0 90 2 Trenspose ¥; stare on track 90 onwards,
0 0 &0 1 Read X, store on track 60 onwards,
9 0 10 o Set parameter (count)
60 90 60 3 Replace XYT=1 py xyT,

10 129 10 39 Reduce parameter by 1,

9w W i M

10 T L 35 Teat count: if zero go to codeword 7, othsr-
wige codeword I,

7 60 0 0 & Punch out XY°,

8 0 o o 33 Return to codeword 0, for new matrices.

10 (n-r) Count,

In this example we have mde the limitation that the matrices X and ¥
Ennﬂthlmmthanjﬂtr&nkuﬁfthad:um.

The G.I.P. starts by obeying codeword 0. This says that brick No.1 is
to be cbeyed anml that it is to have the parameters

Zero in 18,

Zero in 151

60,P5 in 18,
Brick No.1 is 'Read Matrix' and a matrix will therefore be read and stored
on the drum, starting at track 60, When the whole matrix is in the store
cantrol goes back to the G,I.P, which then selects and cbeys codeword 1, eto,

Codeward 3 has r = 4O and so performs an operation on other codewords,

In fact, the contents of codestore 10 are replaced by the contents of code-
stare 9, When this has been done we proceed with codeward 4, which
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miltiplies the two matrices, XY™ 1 ang Y, and steores the product XYT in

place of XYT~1, Codeward 5 reduces the court by 1 - codestore 121 contains
a P1, The next codeword examines the count: when this has reached zero we
wish o punch out, i,e, cbey cndewsrd 7, othervise we return to codeward k.

Example 2 To form the mtrix power aeriasﬂo + 4 X+ ... + AR,

We shall assume that the matrices are sufficiently small to take up only one
track each, The bricks required are

Sections Mumbered

Read Matrix 1 1
Transpose Matrix 1 2
434 ¥atrix 1 3
Multiply Matrix 3 I
Punch Matrix 1 7
Codewordsa
No,
0 0 0 100 1 Read X, store on track 100,
1 100 o 110 2 Store X' on track 110
2 3 17 b h3e—
3 0 0 10 1 Read A5, A4, ... Ap to tracks
L =17 15 2 37 10,11, ... (n + 10)
5 16 0 17 40 New count,
6 —— 7 17 9 45
T 10 110 120 L A X; stored at 120,
8 120 110 120 4 -—. B..X,
9 L= 17 129 17 39 Reduce count by 1,
10 11 17 12 45
11 10 120 120 3 Sp = 84X + Ay,
12 17 13 8 25—J Jum to 8 if (17) 4 0.
13 120 0 o 7 Punch out Sy = sum,
14 0 0 0 33 Return to codeword O,
15 0 0 n+ 0
16 n 0 0 0
17 0 0 o 0 Used as worlkdng space far counts,

NOTE 1 The counter in codestore 17 is never cleared,

NOTE 2 The sequence of A's does not start at track 0, as this is used by
the Matrix Multiplicatiom,
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It is possible to insert actual IEUCE instructions into the sequence
of codewords., Any codeword with a P31 is regarded as a IEUCE instruction and
is cbeyed Qm.

G.I.P.5 allows more than 31 bricks, Those whose number is greater ar

equal to 32 inelude a P32 in the codeword and the six lowest digits of r are
the number of the brick

The digits of r are therefore used as follows:

‘E'}_] not punched P}E punched, Pzﬁ "'I;Fjﬂ = Number of bricke,

it ]

P:ﬂ, ?}E Pzﬂ b y Pﬂﬁ - 30 = Kumber of G,I,P. function,

[ ] n

P30,31,32 . Ppg - 29 = Number of bricks.

Although programming a series of codewords is relatively simple,
there must be some method of "frogram testing', G.I.P.5 includes
facilities for stopping on a partiecular codeword and inserting new code-
words from the I.D, switches, These are descevibed in Ref,12, which also
gives a list of Scheme B bricks available (in Summer 1957),

The N.P,L. interpretive program provides a useful method for malcing
up a warking program in a. short time. However, if the program is to be used
frequently it may be preferable to write a special master routine and use
the Frogram Changing Routine (R.A.E .180), This ie gererally rather muicker
in use, although it requires more programming, BEricks that satisfy the
standerd conditions mey be used with R, AE, 1 , Which was, in fact, designed
with this cbject in view, The €.I.P, is used mainly for matrix caleulations
but there is no such limitation implied in its construotion: 4t is truly a

general program and may be used as such, provided that the necessary bricks
are available,

Cards are avallable, issued in the same way as subroutine cards,

which give details of the latest "ricks! produced, These should always ba
consulted befare making any programs,

IV.7 Matrix Schemes A, B, %

Standard Bricks are (at present) in 3 categories:-

Scheme B Standard Bricks vhich require the specification of any or
all of parameters 2, b and ¢ in 18, , o

Scheme A Standard Bricks which do not belong to Scheme B and which,
if they are linear algebra programmes, use the standard
stores (when ruq_uiraﬂspfﬂr e matrix, a diagonal and a scalar,

Scheme Z Standard linear alpebra bricks which use a non-standard
matrix stare,

Soheme B bricks may use up to 6 parameters, The 3 extra parameters

E.rn pl‘h}j.ﬂ'tﬂ '1?,:,11,2 from the previous codeword by "Auxiliary Codes"
Z00 ),

It is thus apparent that if Scheme B bricks are to be cbeyed in
sequence from the reader {which is not usual) they must somehow be provided
with the parameters a, b and ¢ in 184 4 o+ This may be done by preceding
each Scheme B brick with a special Sofiere B brick:- "Read a, b, o, r
(200 4B) which will read the parameters (from 2 card) into 18,
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Soheme A storage

In Scheme A the drum is used to store a single matrix (or vector)
starting at track 0 (0/0), element (1,1) being stored in m.e.0 and the

elements following continuously in suceessive m,o. 's, row by row, without
row sums, (mn < 8192),

D.L's 4-10 are used to store a diagonal matrix as a vector of order
N, (N < 224), DL 11 can also be used if the drum is not in use (N < 256),
The elements are stored in reverse order from Lo

129}1{]'11 and 1213’1#,15 are used to store two scalars, Note that

the order of the three quantities in each case is differemt from that on a
scalar ocard,

The parameters for the matrix and the diagonal, and the soalars, are
stored in IL 12 in the following mammer:-

IL 12 m,e, O Empty
1 m, P17 )
Referring to matrix,
2 n. P17
3 k. P17 ,
i py P17 (or D.P1)
Referring to matrix.
5 If, (grand sum) )
6 py P17 *
7 Iy (sum) > Referring to dlagonal.
8 N, P17
9 R
10 py P17 1st scalar,
1 (R + pg P17) ,
12 )
13 8 |
14 pgy P17 : 2nd secalar,
15 (8 + ng) |

Any matrix or diagonal which is punched out has ite row sums (or
sum) shifted down k places, where k is the number stored in 124 at the time,
The value of k read in with a matrix is not here,

_ To cbtain a value of k4 0, a brick (IROSA) is used to read in
:;’ik' FAT7 from the T row of a parameter card,

To avoid any errors due to binary place values being lost from the

%tm‘a, the sum checks for matrix, diagonal and scalars all have the number
of binary places added in. Einary place values are always stored and
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punched in the P17 field and decimal place values always in the P1 fielad,

The sum for the diagonal has the number of elements N, added in as well as
the nmumber of binary places,

The scalars R and S are not preserved longer them necessary, and
programmes which wipe out any of IL's =10 are also allowed to use the
dinsgonal parameter positions, 124 to 125, however, are always preserved

except when reading data or a "k" pgard,

Matrix mult, end diagonal pre-and post-milt, programs examine the
m's, n's, ete., and give a failure indioation if these are not compatible,

The largest element of a matrix, vector or dlagonal, =nd a scalar
should "reach" P31, i,e. P3 and P32 should be different,

Scheme B storage

In Scheme B several matrices or vectars can be stored on the drum at
the same time, and diagonal matrices are also stored on the drum (as
vectors, usually row-vectars). Each matrix, etc,, starts on a fresh track,
but the elements are stared consecutively, row by row, without row sums,

element (1,1) being stored in m,c,l of the first track used, and heing
precedsd by:-

m.c. 0 ZI (the grand sum of the matrix and its parameters),
m.c. 1 m, P47

m.e, 2 n, P17
M. 0. 3‘ P. P1?

Note that II is a single length, unshifted sum, truncated at the
most signifiocant end. '

This is referred to as the "block-floating" form of & matrix end is
the usual form, Each element has the same number of binary places, p.
Matrices can also be stored in the "fully-floating" farm in which each
element is in standard floating hinary, stored as a word-pair with the
exponent preceding the mentissa, these oounting in the paremeter n as
separate quantities, so that the order of the floating matrix is m by im.
In thie form, the binary-place value is never referred to , and may be put
equal to gero on the parameter card,

The Scheme A scalar stores are also used in Scheme B, It should be
noted that the Il 12 referred to in Scheme B is not the same as that

associated with G,I.P. One is on the drum when the other is in the high-
speed store,

The paremeters a, b and ¢ in G,I,P, codewords: when used with Scheme
B bricks and referring to matrices, vectors or diasgonals are the mumbers of
the first traocks occoupied by the respective matrines ete, (tracks being
munbered consecutively from O onwards), When & matrix ete, is to be read from
the drum the parameter a is used; b is used for a second matrix ete, to be
read, as in Matrix Mult,, Addition, ete,, and ¢ is used to specify the
position for writing a resultant matrix, ets,, on the drum,

Far reference purposes, the elements of a matrix are considered to be
nunbered consecutively on the drum, starting at 0, An element of a fully-
floating matrix consists of two ocomsecutive wopds,
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It is important to keep the unused part of the last track of a

matrix oleared, since most Scheme B programs add & whole track at a time
into the sum,

Scheme B matrix programs normally produce metrices in which the
largest element does not quite "reach" P31, i.,e. has P31 and P32 digits
the same and differing from the P30 digit, When & matrix has been produced
by extracting elsments from ancther matrix, this does not apply, {unleass one
of the elements reaching P30 happened to be seleoted) and for the maximum
agnuracy in subsequent use such an extracted matrix should first be
normalised to the sbove form by multiplying it by the scalar + 1 {or adding
it to a zero matrix). In general it is unlikely that capacity failures
would ocour through presenting mumbers which reach P31, though this is
possible, e,g, if two matrices in Scheme A form are read in and added
together without being normalised, This case will pass the checks and glve
wrong results. A speecial dec,-bin, conversion progrem (LKO&/1) has been
produced to avoid this,

E-l'.'thBE =z

Standard linear algebra bricks which do not use the Scheme A or
Scheme B methods of starage have been put into this category. They ingclude
bricks for matrix inversion, for solving equations and for finding latent
roots, For matrix inversion and the solution of equaticns, the matrix is
stored starting in track 0, with each row on & fresh track, There are bricks
for reading in & matrix far inversion or equations for solution and storing
them in this form, There are also bricks for taldng a matrix from the

Scheme A or a Scheme B store and putting it in the correct form far
imversion,

Latent root bricks use the Scheme A store for the matrix but not the

Scheme A diagonal store for the veotor; they are therefore put in Category
Z,

V.8 Simplified programming, the "“Alphacode"

The reader has no doubt noticed by now the wast amount of detailed
clerical work that goes into writing programs, Not only is it necessary to
plan the compubation but many extra instructions have to be included, to
taks care of transfers of data smd orders, to count, to modify instructions,
ard 80 on, In fact, all of the administration that is needed Tor use of the
oamputer has to be supplied by the programmer. The previoue sections have
described some of the means whereby simplifications can be achieved: all of
these methods, however, have required something in the way of programming
knowledge, in the sense that problems cannot be presented to the computer
in anyt like their natural formulation, The Alphacode, deseribed

briefly below, is an attempt to overcome this cbjection, A full account is
glven in Ref, i,

A1l that is needed for the use of Alphacode is the ability to state
a problem in algebralc terms and to give a sequence of steps by which the
answer may be calculated, The result of each step is to be caleulated fram
two mumbers availsble previously, either as the result of caloulation or as
initial data, Many of the commonly necurring mathematical funetions, such
as square root, logarithm and exponential, trigonomstrie functions, are
included in the aveilable Alphacode instructions, In eddition, there are

more sophisticated ones like 'Sclve Differential Equations' and 'Sum
Seriea',

The store of the computer may be thought of as containing a
number (about 2500) of variables, called X1, X2, X3, ..., Arithmetical
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'instructions' will refer to three (sametimes only two) of these variables,
in forms like

X1 = Xz FLUS X3
or Xl = EXp X5
or X6 = X7 MNED

In ench case, the result of the operation demanded on the right-hand side

of the equality sign replaces the mumber previcusly held in the position
indicated on the left, The third instruotion dees a aimple replacement, It
is written liks this because it is recessary to put something in the 'Function'
colum (see below),

When writing a program in Alpheccde we set out the complete list of
instructions in a series of colums, called

R A B FUNCTION c D

The R and D columns have special s icance and are not used for every
instruction, The equality sign is taken to be between columns A and B, it
is not actually written in. What is written in these ocolumms is then
punched onto cards, where particular columms have pertioular significance,

The R and D colums are connected with discrimination instructions®.
Normally, instructions are cbeyed in striet sequence, When a discrimina-
tion ocours the machine requires a cholce of next instruction: one of these
is the instruction following, the other is given by the D colwm, However,
it would be wasteful to name every instruction and sc only those to which
reference will be made, in a discrimination, are given reference mumbers in
the R column, These 'labels' need not be in numerical order, It is
possible to give 99 different labels,

As we have seen earlier, much of the power of the modern computer
derives from the sbility to modify instructions and to repeat loops of
instruotions. These facilities are available in Alphanode, In addition
to the varisbles there are 63 counters, N1, ,,,, N63, These are whole
mmbers and may be used for simple counting and medificatien, This is
dane by the instrtiction "MODIFY', as below

N1 N2 MODIFY N3

Xl X5 DIVIIED I .
The effect of MOLIFY is that the instruction following it bas the numbers
standing in N1, N2, N3 added to the addresses of the varishles in the A, B

end ¢ oolumns, In the example above, if all the ocounters are zero the
instruction will be the.game as

X, X5 DIVIIED X6 .
If N1 = 10, N2 = 20, N3 = 38 the effect would be that of the instruction
X4 X25 TIVIIED Xhly .

Not all variables ocourririg need be modified, and the modifiers may all be
the seme or different (as here),

=

* The D column also determines the type of punching on output,
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There is a special counting instruction, UP TO, which increases &
counter by unity, tests it for equality with the upper limit, and returna

to the instruction named in the D column as long as the condition is not
satisfied,

It is possible to include in a program subroutines of Alphacode
instructions, They are numbered 31, 82, ..., up to B27 for any particular
program, and are entered by the instruction

JUMP 81
and left by

END OF 81,

No link is necessary as the Alphacode interpreter program remembers from
which instruction the subroutine was entered and returns to the next one,

With all these facilities writing a program in Alphacode is a very
simple matter, A program that would take some weaks to write and test in
machine instructions may be written in a matter of houre, The price paid,
however, is heavy in machine time. The Alphscode works with floating point
arithmetic, which =lows down ell calculation by a large factar, and then all
instructions have to be interpreted every time they are cbeyed, again a slow
process, If much of the time is spent on imput and output the loss of time
may not be great - the reader and punch work at the seme speed for orthodox
programs end the Alphacode, The main virtue of the Alphacode (as indeed of
eny interpretive program) is that it allows the rapid writing of programs for
& 'one-off' job, The range of mumbers is 30 vast that there are no scaling
difficulties, it is possible to concentrate on the caleulation and there is
Llittle need to worry sbout the red-tape instructions,

One ether use of the Alphacode is that it ellows the testing of the
logic of an otherwise long and diffieult program, It is not diffieult to
cbtain some test results that mey be used to check a program written in the
normal instruotion code, Finally, the floating point arithmetic can give an

indication of the scaling required to write a faster program used fixed
point arithmetie,

IV,5 4n introduotion to logical desimm

Thie section is intended as a brief introduction to the subject
nown as 'logical design', This is the study of how to make a computer

perform its functions, as distinct from programming, Circuit design is not
ineluded,

Many of the ideas of logical design are quite general and are applic-
able to all machines, Those examples thet are given in this section are all
concerned with I[EUCE,

We must first learn some notetion and terminclogy. The symbols
used are shown in Fig.l,

Delay ... 7This is a device for delaying pulses by a stated amount.
The effect ie that a given pulse appears at a time differ-
ent from its normal time, In & serial machine the effect
is to muiltiply by a power of 2,

Gate s»as  This has many inputs and one output, It has threshold n
if it gives an output pulse when &t least n of the imputs
are active, (The threshold is normally written inside
the circle representing the gate, A 1-gate normally does
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not have a 't! written in). The cutput lasts as long
as the input,

Trigger s+ 4 trigger will store one bimary digit, It can be set
or cleared, TWhen a trigger lms been set it gives a
contimious stream of pulses until it is cleered, Like
a gate it has s threshold,

Irhibitor +++ This overrides all the inputs to a gate or trigger.
It is normally written with a amall cirocle on the gate
or trigger, This is the way a trigger is cleared,
Inverter --» Thie gives the ones-complement of a word, i.e, all O's
become 1's and vice versa,

Clock pulses ... Abbreviated to C.P, These are standard pulses avail-
able inside the machine at all the digit times, They
are gererated by an accurately comtrolled oscillator,

By oonvention pulses go from left to right (across the page). The

least significant digits always lead. (Note that this is +he opposite way
tv normal IEUCE practice,)

All the functions available on a machine are built up of units like
these, The most important single unit is probebly the 2-gate, as this
allows a direct comparison of digits, Fig.5a shows the simplest funection
8 2-gate oan perform, giving the logical '&' 6 i,e, Bource 25, There is an
output only if both inputs are active,

A very important part is played in logical design by the function %,
can be made up from two 2-gates and inverters, as shown in Pig.5b,
The outputs from the 2-gates are joined. The mode of operation is as
follows, If a =h each gate has only one active input, both cutputaz are 0
and the result 1s 0, If a 4 b ome gate has two inpute and output 1 and the
other has no input at all, so that the result is 1,

Fig.5c illustrates the principle of a delay line, The delsy line i=s
N digits long, i.e. pulses take N digit times to trevel down the lins, On
emerging from the delsy line they are 'clocked' with the always available
clock pulses. Thie reshapss the pulses as they become distorted in trawvell-
ing through the delay line. Thereafter the output is taken to two places,
going to the 'source gate' and alao being led back to the entry to the delay
line, The pulses ocen go through the source gate only if this source has been
seleoted, In this case there is a streem of pulses on the line marked 5 and
the contents of the delay line can flow out to the 'highway' and thedir
required destination. The line 8 will be mctive only for as long as this
partloular source is called, At the other erd of the delay line is the
destination pate, This is slightly more compligated ithan the source gate,
Normally, for ardinary reciroulation, there is no signal on the line D,
Pulses therefore go back into the delay line and nothing ocan go through the
2-gate, If we nominate this delay line as destination, the line D becomes
active, Recirculation is therefore inhibited and whatever is on the lins x
flows into the delay line, As soon as transfer ends ardinary recireulation

Of course, this is an idealised ploture of a delay line, There is
great attemation of pulses as they travel down the line and therefore it is
necessary to amplify the pulses. Such considerationa, howsver, do not belong
to logical design but ars metters for the cirouit enginear,
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In IEUCE the next instruction gate comes just after the destination
gate, before the pulses enter the delay line, This allows us to send an

instruction to a partioular destination and simultaneously call for this as
the next instruction,

Fig.6 shows two possible adders. The first, Fig.6a can be used only
on a serial machine, Its action is fairly cobvious. The carry on the input
is the carry from the last addition of a pair of digits, The 'new carry'
mist be delayed to act as input carry for the next pair of digits,

The second system uses what are lmown as 'half-zdders', Instead of
adding the two digits and the sarry digit at the same time, the half-adder
only has two inpute, One half-adder is therefare used to add a pair of
digits and the second half-adder adds the carry to the result, Binary
addition can be represented as below:

a 0 0 00 1 4 1 1
In{ B @ 01400 1 1

..E y 0101014 01 N.B, The colums in this

example are all independent.

-~

Digit 0 1 1 0 1+ 0 0 1
Cerry O 0 0 1 0 41 1 1

The I;H.'I:l‘-u.ﬂ.ﬁur does this in two stages, The first, (left hand part
of Fig.6b) corresponds to

Out

a o 0 1 1
In
b o 41 0 1
lPartiﬂDigit 211 0 = agb=4a
Out

| Partial Carry O O 0 1 = a &b

l

If the partial carry is a 4 this will definitely be the carry for the next
pair of digits, Thie carry may therefare be taken directly to the output
of the second half-adder, as 'new carry'.

The second stage consipte of adding the cerry from the previous
digit pair to the partiel digit. In symbols this is

TR
In

Carry In 41 O 1 0
Digit 11 0 0 (a$ carry)
Carry Out 0 0 1 0 (4 & Carry)

Out

The gystem of using half-addsrs has the advantage that it is
easily adapted for use on a parallel machine,
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Fig.7 shows the arrangement required with T8 14 to give the two
Tunctional sources, source 23 and souroe 2y, connected to TS 14, Shifting
a nunber up entails very little difficulty, as the munber has only to be
delayed, Shifting down, however, means that the P2 has to be availeble at
the time of a P1, etc, The pulses mist be early. The following arrangement
is therefore adopted, The delay line itself is only 31 digits long instead
of 32 as would be expected, The extra digit time of delay is inserted
outside, between the points marked A and B, This allows us to use pulsea

that have been delayed by the full 32 digit times and pulses that have been
delayed by 31 digits only, and are therefore a digit early,

Sowrce 14 presents no diffieulty at all; this iz exactly like the
delay line of Fig.5¢c. To obtain source 2y, which shifts up, we must take
the output at B and delay it by a further digit, This miltiplies by 2 but
gives us e posmibly incarrect digit as P1, The effect of the extra digit
delay is that the P32 digit is not available until P time, We, however,
wish o farce the P4 digit to be zero smd therefare inhibit the source 24
gate by a single clock pulse at P{ time,

Source 23, which shifts down, takes the output of the delay line at
the point A, This gives the correct digits until the P32 digit of source
23, Here we must copy the P32 digit of TS 14, We therefore take this digit

from B, allowing it through a 2-gate which is open only at P32 time and at
the zame time inhibit the train of pulses from A,

Fig,8 shows how the cutput staticizer works, This miat eonvert =
train of pulses into a parallel representation. Here we have 32 triggers,
each of which will store ome digit. The number that is sent to deatination
29 flows along the line marked ‘sgurne', Its digits go through the respec-
tive 2-gates, which are opened at P time, P2 time, ete, The triggers are
therefore set up in turn, Each trigger is comnected to a lamp on the console,
There 1s also a connection to the punch knives, As soon as a row has been
punched the triggers must be cleared so as to be ready for the next row,

A similar arrengement iz used on the imput dynamiciser, which
converts the parallel input into a sequence of pulses,

The last illustration of some of the ideas mentioned is the working
of TS Count. Obviously it is impossible here to give a full ascount of how

the most important part of IEUCE works, but the mechanism whereby transfer
starts at the right time will be explained,

It takes one minor cycle for an instruction to flow inte TS Count,
This is the selection minor oycle, Thereafter the instruetion circulates
in TS Count, but 1 is subtracted from the wait and timing murbers during
every minor oycle. The subtraction is not a trus orne, however, in that only
the five digits of the wait and timing numbers are concerned, i,e, there i=
no carry into the Py, or Puy digits, The subtraction is done by changing
every O into a 1 until a 41 is reached, This digit is changed into a O and
the other digits are left unchanged, As an example, subtraction of 1 from
00011 (24) gives 11101 (23), Just befare the P17 digit emerges from T8
Count a trigger ('Carry') is put on, Carry is put off again by the first
non~-zere digit of the wait number. The cutput of Carry thon goes into a
2-gate with a pulse at P22 time, The output of this gate puts on another
trigger (trigger R) which starts the transfer timing (TT) sigmal at the
beginning of the next minor aycle, Trigger R can be put on only if 'Carry'
1= 8till on at P22 time, which can happen only if the wait munber was szero,

Selection of the next instruction is done by a eimilar counting dowm

Frocedure on the timing mumber, However, an instruction mist be cbayed
befors its successor can be allowed into T8 Count » end if the timing rmumber
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is smeller than the wait munber it would appear that the next instruction
is presented to TS Count too early, This is the reason for trigger R,

The Transfer Control Instruetion (TCT) signal which is normally controlled
by the timing number can be pul on only if trigger R is also on, Therefore,

if W > T the machine will ignore the first time that the timing mmber is
counted down to zero.

The reason for the minor cycle gap between instruction is now clear.
During the last minor cyele of tranafer the next instructicn flows into
TS Count, During the next minor cycle the counting down takes place for
the first time, Even if the wait number is zero the machine does not

realise this until P22 time of this minor cycls, which is called the set-up
minor cycle,

Here it is impossible to do more than mention some of the ideas that
go into the design of compu machines, The interested reader is referred
to the books by R.K. Richards (Ref,6) and by M.V, Wilkes (Ref,10) far a full
discussion of the principles involved, Ref,2? is concernsd solely with

IEUCE,
PART ¥V  EXEROISES AND SOLUTICNS

V.1 Exercises

The figures in brackets are the muber of instmections in the
solutions given here.

Exercise A

At the beginning of each example TS 13, 44, 15, 16 contain W, X, ¥,
z respectively, To multiply fractions use the method explained in I.4
before Example 11,

1. Put wiz in 13 1]
2, Put x-y in 1§ [2
3.  Put 2wex in 13 [2]
k., Pubt wi2x in 14 [1]
5. Put 2y-z in 13 [ 3]
6, Put Lx in 14 [1]
7. Put 16w in 13 [1]
8. Put 1/8x in 14 [1]
9, Put 1/2w in 13 (2]
10, Put 10x in 13 [ 2]
1. Put 2p-5q in 20, where p = 0(19,), q = a(195) [ 5]
12, Put xy in 15 [ 241 mltiplications]
13, Put xy-wsz in 13 [ 8+2 multiplications]
the Put pZ-q® in 20,5, 2pq in 205, where [ 4142 multiplications]

P = C{19,), a = C(195)
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15. Put az“sbzso in 14 where a,b,c are the oontents
of 1?{]:1,2 I‘ﬂlPEﬂti‘i"ﬂljF

16, ©(15) = 2r-1, 0(16) = r2, where r is an integer,

Replace them by 2(r+1) -1 and (r+1)2 respeo-
tively.

Exsrcises B

[ 7+2 miltiplications]

[5]

At the begimning of each example T3 13, 14, 15, 16 contain w, x,

¥s & respectively, and 195, 19_‘5 contain p, q,

1. Put -|x| in 1.

2, Put |w-x| in 11,

3. Given x> 0, put the larger of x and |z| in 13.

L. Ifs{ﬂpatpinﬂj,'butifa: O put g in 21

5!
In sither case put -z in 16,

5. What happens in stion 3 if g = 07 Modify your
progrem 80 thet Z{p+q) is placed in 215 in this
case,

6. 18, contains either 38 or 5/B. Whichever it is,

replece it by the other, Yo may assume that any
castanta you need are in IS 20,

7. a,b,c are the comtents of 1

than the third],

(5]
(3]
(8]

(7]

[12 in a11)

[3]

¥/ o respectively, Pui
st in 14 and test wg.élﬂﬂr the three numbers
be the lengths of the sides of a triangle, [The
of any two sides of a triangle must be greater

[15]

x =0(16), a = Gf15‘5). Evaluate ax™ + E.In-1 + sees + 8 and place it

Hints: (i) ax® 4+ ax™ ! 4 ceer + 8 = (L (((a.xta)xsa) xe0). . ) x40,

If Spop = ax” + axT1 4 ., + a,
Eﬂ is the result required,

(1d) Program 8, 4 =x8__ + a,

En_r_.l =X En"l' - &, ﬂﬂi

(i1i) Keep a oounter (n-r), Program reducing it by 1 and

testing for O,

(iv) Set the initial conditions. n will have to be kept in

the delay line with the program,
Exercises D

1. Code the following proprem, It has been constructed solely to test
the ebility to code instructions: it is meaningleas and it is not a good

example of optimum eoding,
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25=-27
12

18
23
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(2 mc.)
{E m.t:.}

(2 me,)
(2 m,=., e,0,)
( 2 ma,)
(3 m.c.)
(4 m.c.)

(4 m,e,)
(21 m.e.)

(5 mtﬂl}
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[Hint: Put a small asterisk between two instructions if minor gyele 0 is

passed while the first is being cbeyed; e.g, the first two come after the
Instructions in 128 and 1?.]

24 Code ths following program — exerolse B,7 with the locations of the
instructions allotted,

125 1?,:'_', - 13

19 17, -2
13 13 - 27
3

e 175 = 13 g 174 = 13

144 13 - 27 Ty 13 - 27

13 14
+ - + =
Y5 1o - ‘“*/\"15 T - 1h/ \11?\ 17, - 14

24 \—Lw/

139 13 - 27
o+

How long does this program take if, using the notation of exercise
B.7, the three mumbers a, b, ¢ oan be the sijes of a triangle and

(1) & is the greatest.

(i1} b is the greatest.

l',i:L"i.:} ¢ is the greatest,
Exeroise B

In these and the following exercises you can assume that the following
eubroutines are already in the store:

A 12/1 (¥o.222) in Im 2; miltiplication, division, sumation of series.
R 01/3 (No.228) in Im, 3; read one decimal fraction,

POl (No, 12) in IL 4 punch one decimal frastion,
F 04/1 (No,136) in IL 5, square root,
T 01/2 (No,195) in IL 6; sine and cosine,
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A 12/1. Multiplication. Enter in 2g.
& ¥Xb = o, rounded, All rumbers to %0 b.n.
Short stores used 13 14 15 16 E‘IE 213
Cortents at entry ILdink ’ - D - -
Contents at exit Link a - b - o
A 12/1, Division, Enter in 2.

a +b = ¢, romnded, All numbers to I b.p, Buszszes and fails
unless -1 < ¢ < 1,

Short stores used 13 14 15 16 21, 213
Contents at entry Link a - b - -

Contents at exit Link 2e - b o -

A 12/1., Sumpation of series, Enter in 2.

C=8g+8 X+ .,..+8%, The (n+ 1) ooefficients are stored

in Ay, Ap 4 vp to Apy — 85 48 in A and all the coefficients are in the
same delay line (n < 3), AllL nunbers to 30 b,p,

Short stores used 13 1 15 16 21, E“l3
Contents at entry Parameter Link - x - -
Contents at exit - - - x - ¢ (Db.n.)

The "Parameter" planted in T8 43 is .ﬁ:l?ﬁ + (m + n}P” + (n-1)P
m+n> 32 it is AP + (m+n - 32)?17-“:92

oo if
2-
N.B. n is the order of the polynomial, not the number of terms.
R 01/3. Read one decimal fraction, Bnter in 3,8
The fraction, ¢, is punched on a card with sign in IEUCE column 1
(T row for +, X row for ~) and ten decimal digits in columns 2 to 11, The
decimal point is between columms 2 and 3, -2 <c¢ <2, Result given to
3 b.p.
Short stores used 13 L. 15 16 21, 215
Contents at entry ILink - - - - -

Contents at exit - us - - o -

N.B. The subroutine fails if the card is punched wrangly.
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P 01, Punch one decimal fraction, Enter in I“EE'

The fraction, a, given to 30 b.p. is punched in decimal in the sams
way as tle cards R 01/3 reeds,

Short stores used 13 1, 15 16 205 203 21, 213

- - J— -

Contents at entry Link a - -
Contents at exit - - -

= -— — - ==

N.B, The published description of this subroutine failed to mention
that IS 20 ia used,

F OL/1. Square root, Enter in 50q
¢ = Y&, rounded, Both mmbers to 30 b.p,
Short stores used 13 14 15
Contents at entry a Link -
Comtents at exit - c -

T 01/2, Sine and cosine, Enter in EE',;-I Tor sin x, in 64 for cos x,

o = sin x° or cos x“, given x/90, Nunmbers to 3 b.p.

Short stores used 13 14 15 16 215 213

Contents at entry x/90 - ITdnk - - -
Contents at exit o - - - 0 -

(See III,3, Trigonomstrical funotions, for the reason for giving x/90)

Using the subroutines, make up master routines for some of the

following exercises, (The solutions given in V.2 have had storage locations
allotted as these exercises are used again in exysroises G, )

1. Read 2 mmbers x and y on successive carda, Caloulste xy and pmi.:-h]
it, 9
2, Reed a sequence of 10 numbers, Calculats the sum of their squeres
and punch it, [The constant 10 will be stored with the master routi [1?]
3, Read a sequence of 10 pairs of nubers (x,y). Caloulate xy for each
pair, form Ixy and punch it when 10 pairs have bsen read. [The constant 10
will be stored with the master routine, | [19]
k. Read a rumber x. E&lmﬂaﬁaxyzmdxﬁfha:ﬂpmuhtMmun

2 vards, [15]
5. Read a number x. Calculate Yx/x+l and punch it, [x will be a
fraction with %0 b.p, so the frastion 1.0 with %0 b,p. mast be added to it
to form the demominator of the fraotion,) [44]

6 Read a mumber T Find the smallest integer n for which
‘";:H- ~Vn-1/n<e, lin caloulating V. n+1, n mst be an integer so source

can mﬂ for the 1 in the denominator. When n has been f*uunﬁt maltiply
ﬂ by E%JD‘ and add P{ to the result, then punch this fraction,| {E??
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7. Read a sequence of nunbers, Accumilate in 19, the sum of the
poeitive mmbers: accumilate in 193 the sum of the negative numbers, When

& card punched with the number O is read, stop reading and punch these
totals, [14]

B, Read the numbers x and y and place them in 19, and 195 :mapﬂcﬁiw%y.
Replace them by #(x + y) and Vxy. Punch these two numbers, 20]

Q. Read a constant e, Then read two numbers x and y into 19, and 193

respectively. Replace them by #(x + y) and V. Continus this replacement

[3“92} - 3{193:‘ < E.

Then punch both mmbers and go back to the stage where another pair of
numbers (x,y) ie read, [Assume that £, X, ¥ all lie between 0 and 1.] [2§

10, Read e pair of mumbers (r,8), caloulate and pinch roos 1006° and
r sin 1006°, [ 23

1. Patients arrive at a doctor's surgery at 5 mirnute intervals, The
doctor attends to the first immediately, The length of time he takes over
each patient is punched in minutes divided by 100 on & succession of cards
and the pack of cards ends with & negative number, Compute the time foar
which each patient must wait and punch the greatest of these times, [17]

[ Warning: What ha ens if the doctor has to wait for a patient?]
PP

Exercises F

brograms for the following examples and allot the storage
locations, It does not matter if the program is rather slow, Do not use
spill-over techniques for counting,

1. Given a set of numbers in 105, 10,, 105 .,, and given rP”inHE
(r -: 31) place the content of 10, in 16 and add ite modulus to the m:mher[ :
9}- 9

. Using the previous exercise, find the sum of the moduli of the numbers
in 10g, 104, .... 104q. [16]

3. Find the sum of the squares of the 16 numbers in 9,¢, 91?, cree g
15]
L What would happen in your program for exercise 3 if instead of 16
rmunbers there were Ei 32 mumbers?
1i) 33 numbers?
5. RHP].M:H the 16 mumbers in 915_, 91?, R 951 hjl" their Bquares, [15]

6. Test the positive numbers in 115, 1, +evun, until a mumber x
satisfying x » 1 is foumd, Place x in 13. [Assume that one of the mmbers

in DL 11 satisfies the condition,) [11]
Te The mumbers in 11, My eens 115 are positive, If any of them is
greater than or equal to 1, halve all the muibers, (23]
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E' F'—"Bo‘l‘ﬂ-.lI+3212+-..-”+Enxnj‘ﬂ'herﬁn¢31. G’iﬂﬂ
aﬂll B’T_p TR EII. i—ﬂ-“b, %4_1, TR %*nﬂnﬂ.xi‘i 15_' nP‘i? :T.'I:‘.I. E:FE and

(4P5 4 pP1.) in 205, make a subroutine to place ¥ in 14 without using the
sum series subroutine in A 12/1, What is the crder of the subroutine? [12]

91 xnj x"; " H_-‘ are stored iI!-JL‘P, %-I.q; EE J"'-P_l_ﬂ_.t m&?ﬂj

F-Ij- LN rn_-1 '-rﬂ' Bturﬁﬂ ir.l. Bq, Bq_r_.\i, 'R Eq'l'r.l‘-.’l' Gi"i"En .APE + IJP,‘?' il.'l 1921
EP; + qPy5 in 195 and nP,. in 20, (n < 32), place Xo¥o + Xy¥y o+ wians #
nq Fp-q in 32-3. [This is the soalar product of the n-length vectors

X, ¥

Exergises G

Allot storage to the examples of Exercises ¥ in such & way that the
Programs are optimm coded,

V.2 Solutions to the previous exercises

Exercises A

1. 16 - 25 G'“}J =W+ &
2, 1% - 13 c'(13) =x

15 - 26 C'(13) =x -y
3 13 - 25 C'(13) = 2w

14 - 25 C'(13) = 2w + x
4. 2 - 25 CH13) =w + 2x
5. 15 = 13 C'(13) = y

13 - 25 C'(13) = 2y

16 - 26 C'(13) = 2y - 1

It is better not to use T8 14 unless this will save instructions,
6. 24 - 14 (2 m,e.) cr(1y) = 2%

7. 13 - 25 () m,e,) E’{"i}) = 2y
8, 23 = 14 (3 m,c.) ot(14) = 2%

9, 13 - 14 C'(14) = w
23 - 13 0'(13) = 'l
I'n this case the use of TS 14 is unavoidable,
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10. 2l, - 13

2 - 1 (2 mo,)
2 - 25
The alternative of
2 =13

2% - 14 (3 m,c,)
1, - 25

is just one minor cycle slower,

11. 15‘2 - 13
1% - 25
195 ~ 14
1% - 26

2, - 26 (2 m.c,)

Technical Note No, M,S, 38

cr(13) = 2x
Cr(14) = kx
C'(13) = 2x + Bx = 10x

c'(13) =
c'(13) = 2p
C'{14) = g
C*(13) = 2p - q

c'(13) = (2p - o) -2.(29) = 2p = 5¢

The second instruction is slightly better than 19, = 25 (they have the

same numerical effect) because it can be obeyed in an even ar odd minar
oycle, Similarly the fourth instruction is referred to 19} - 26,

12. 15 = 16
MITLT

13, 13 =19,
16 - 193
15 - 16
MILT
19, = 14
193 ~ 16
213 = 195
MOLT
193- 13
213- 26

c'(16) =y. cl1y) =x

C'(15) = xy

C*(19,) = w

c*(193) = s

o'(16) =y, of1L) = x
c'(213) = xy

ot(1y) =w

C'{16) = =

0'(195) = xy

c'(215} = W

c'(13) = xy

Ct(13) = xy - wz
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Th

(a)
(b)

(o)

(a)

()
(a)

(®)
(®)
()
(b)

(o)
(o)

19, - 16
193 = 14
MILT
16 =13
U - 26
13 - 16
2y - 25
215 ~ 14
2h = 204
13 - 14
MULT
215 ~ 13
13 - 20,

Technical Note No, M,S.38

c'(16) = p
C'(14) =g
C¢'(215) = pq
C'(13) = p

C'(13) =p=- g
C'(16) = p - ¢

¢'(12) =p + q

C'(14) = pq
G'(203) = 2pq
c'{14) =p + q

0'(215) =(p - o) (p + @
0'(13) = p2 - ¢°
c'(205) = p? - q2

Where a number is in 2 stores of different lengths (e,g, p in

IS 16 and IB 19,

If any of thess

even ) we again use the shorter,
four instructions (which all use TS 1j) got out

of sequence the result would be wrong, The cbvious sequence

2, - 25

13 - 14

13 = 25
13 - 204

C'(13) =p + g

ET{JIL:' =p+4q

c'(13) = pq
€'(13) = 2pq
'5'{2'53} =2 pg

but this needs ons more instructicon,

The single instruction 21y = 20, is impossible: see L.},
exampls 9,

(P +ai)? = (p% =) 4 2pq 1.

Inside IEUCE a complex number like (p + ql) will be stored as the

pair of numbers (p, g). This program would be used to square the
oomplex mumber in IS 19,
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2
15, az " + bz +c=(a.z+Db), z + 0

170 = 1
MULT
215 - 13
17, = 25
13 = 1y
MULT
215 - 13
17, = 25
13 = 14

atf{1y) = a

Ei('lEj = a2

C'(14) = az + b

ﬂ-'“}) = E.EE # bz

C'(14) = as© 4+ bz + ¢

This method is always used for evaluating polynomials,

16, 15 = 13
27 - 25 (2mo.)

13 - 15
16 - 25
13 =16
Exercisss B
1.
X -13
14 -~ 27
+ \\_
14 - 26 T = 13
13 =14
2,
14 - 26
13 = 14
14 - 27
+ -
2l = 26
13 - 14

c'(13) = 2r - 1
0'(13) = (2r = 1) + 2
0'(15) = 2r + 1
C'(13) = (2r + 1) + 22

c'(16) = (r + 1)2

Test x

{Put % = -|x| in134f x > 0
Put +% = ~]x| in 13 if x < 0
- fx|

W =X

Test w - x

fre positive, C'(14) = |w-x|
IIf negative, C'(13) = (w-x) =~ 2(w=x)

C'(14) = ~(w=x) = | w-x]|
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8
0 =-13
16 - 27 Test 2
15-137’/\\:‘16-25
\ // 1:] in 13
14 - 26
13 - 27 Test |z| -x
,'V\ J.If positive, |z| > x; add x to 13 to get |5|
14 = 25 T = 13 [If negative, |z| < x; place x in 13 to get x
L

16 - Test =

27
+ -
/\ q %o 215 4f 25 0
- 5, 19, - 13

19 ) p %0 13
3H“HHHHHHHHE *Tﬁﬂﬂlg“’“ 213 and to 213 iff 2 < 0

0 -3 0
16 = 26 -
13 = 16 -z to 16

5.
16 - 28

192_1_1,35’;"\&‘

16 - 27

193-25 P+q /\

13 =14  pig 195 - 21, 19, =~ 13

23 - 2, z(p+q) in 21, 13 - 21,

\ // f:j_i:.l::*P:I.n.m3

0 =-15 0
16 - 26 -5
13 - 16 -% in 16

€. Iet 20, contain the sum of 38 and 5/8, i.e. 1. (This is the
fraction 1,0 with 30 b,p., not the integer 1 given by source 27,)

195 - 13 1
184 - 26 1-38=580r1-58= %8
13 - 18, 58 or ¥'8.
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1. If the three sides of the triangle are ¢, m, n, the program
mist test £ -m-n, m~n-~-¢, n-£ -mto gee thataﬂtrmeem
negative, If we lumr that ¢ is the longest, then £ ~m -n < 0 is a
sufficient criterion: the other two e aﬁiuna are less than £ - m - n,
It is more convenient to compute 26 - (€ + m +

1?[:, - 15 i,
1',|-"E - 26 c

13 - 27 a=c

(a0) > T (aco)

17~ 13 a 17, =13 b
1?1—25 b 1?2—25 c
1% -
(a;ﬂ:/ w} V \(h <g)
o~ 1 € == --11...4!r b ‘1?2-11,. L=0
2 - 1’5_ 20
1755 - 26 (3 me.) 26 - (¢+ n +xn)
13 - 27 L-m=-n
+ -
Not a triangle Sides form a triangle

NOTES:

1. The instruction 1?1 = 14 is on the on side of ore discrimination and on
the off side of another, This is permissible: the instructions 175 - 14,
1?.1 = 1, 175 - 14 are in three consecutive minor oycles of the same delay
line, It would not be permissible to hawve the 17, = 14 on the same side of
the discriminations, e.g, the on side if ¢ - b ha-:fl. been tested instesd of

b - o, for in this u&ae the 175 - 14 and 1'.,'"E - 14 instructions would both
have 'I'.-:r be in the preceding minor cycle,

2. By testing (£ = m - n) we say that ﬂ-m+nlanuta.tr1ax’ljlﬂ {Thin
is the case of a triangle with area 0.) If we tested (m + n - £) the ca
£ =m + n would oount as a triangle,

Exercise C

Hint (ii). To evaluate S, 4 = X Sp.p 4 a.
Keep B in 14 and leave x, & permanently in 16, 15‘3.
MILT x % Spem
2'13 - 13 X Spop

195 - 25 xS _+a

15 =1 Sy
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Bint (ii1), Keep (n-r) in 19,.

195 - 13 n-r
27 - 26

13-192 n-r-1
13 -.28

End of program Go back

Hint (iv), The initial conditions are given by r = 0,
Thenn -~ r =n, 8, = a,

-152 n
193- i a
S0 the ocomplete program is

- 19, n

‘193'* 14 a
o = |
213- 13 xS .
12 -1 Sper-1
192 - 13 n-r
27 - 26
13 = 192 n-r-1
13 - 28
End i
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-
L

-l
—

12
13
1
15
16
17
18
19

21
22
23

e5
26
27
28

wy 8

Al
18*

Technical Note Ne, M,S,38

S - D Ch W

12-21, 2, 2
20 - 22, 2
2l = 14, 1, 15,
18- 6, 0, 3
18 - 17, 1, 1,
20 - 13, 0
17 - 20, 0, 2,
12 =14, 0, 17,
17 - 11, 2

23'11!-1 1! 21
1 -15, 0, 19,

13-21, o0, 1
13 - 'Br Dj Dr
18 = 27, 0O

15 -11, 0, 12

2-13, 0, o,
17~14, 0, 3
b=-25, 0, 0,
19- 5, 0, 10,
1 -12, 0, 2,
1h-12, 0, az,
12 - 26, o0, 1,
3-17, 0, 3,
4 =17, 0, 1,
19~18, 2, 2,
12 - 18, 1, 4,
13- 5, 0, 1,
19-17, 0, 2,
1- 5 0, 8,
6€-17, 1, 2,

T
&
9
3

.1

b
)
6
6
2
&
9

22
8

15
25

R‘quqmmwum



Technical Note Ng, M. S, 38

Asterisks shoula come after the instructians in the Tollowing miner oyoles:

28, 7 (because W > 1), 11 (¥ » 1), 21, 30, 2, 20, 29, 14, two after oo
(one because W » T) 24, 12 (¥ = T with charecteristic 2), 3, 27 and 10,

The imer loop from 121 to 145 and back to 1 4 therefore takes 6
major cyeles, The auter loop has 10 further asterd S (the coding is far
from the optimum), so the cuter loop takes (&N + 10) major cyoles,

The obvious way to caloulate the time round, say, the inner loop is
to put an asterisk each time m, e, 21 is passed, The reader should do this

and verify that the same result is obtained, The two reasons far choosing
m.c.0 rather than the first m,¢, of the loop are:

{i} m.c,0 is easily recognised;

(11) when the asterisk mark m,0,21, the sixth and last asterisk

oomes on the retum from 115 to 121, This is easily
Targotten,

2. me, N S = D Ch W T
0 '1_'5, 17 = EE, o, Q, 1

1 -

2 -

3 15 13-~27, 0, 0, o
5 Ay, 17=13, o, 1,
6 13, 17-13, o, 1,
"o 145 17-26, o, o, o
12 1, 17-2%, o, o o
13 s 13-27, 0, o, o
W 14 13-27, 0, o, o
15 T2, 17 -14, o, 3 7
16 12#, 17 = 14, 0, 3, 6
17 My, 17-1%, o, 3 5
en T6p 24~-13, 0, 0, o0
26 Ty 17-26, 1, o, o2

3{} 11] 13"' E?_'r Dl [}l 1

Time: 1 major oycle, 5 minor oyeles in each case,
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Exercises E

1. T 16 13"'13

328 R.0Y/3

130 (15, 215 = 19,)

308 R,01/3 |

Ty (14, 21, - 14)

10 19, - 16
15 1, =13
2g A 42/

Technieal Note No, M,.S.38

Link 1, (1, 21 - 19, 0, 0, 5)

Head first card

x

Link 2, (1, 21 = 14, 0, 0, 0)

Read second card

¥

X

Link 3, (1, 21 = 14, 0, 4, 1)

Xy

1, 13- 13 Link 4, (1, 1 -1, 0, 0, 6)
I"EE .01 Punch xy

13} {'13, 1 = 1) Waste instruction

Many of these simple examples end with a link which does nothing
except leed back to the beginning, In this one the final link can either
be a waste inatruction or it can do the work of the first instruction and
lead to the second: this latter method is used in the exeroise following.
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1 0 - 19,
—>144 M- 1%
46 148
308 R,01/3

130 (148, 21, - 14)

2g 4 A, 12/1

13} [1,# 213 - 13)

Technical Note No, M,3. 38

10 o )
Eﬂ-t b X =0
ul r

LE’Et n = 1::

1CEF1

- 13 Link 1, {11 21 - 14, 0, 0, 'E':]

Regd x,

*n

Link 2, (1, 21 - 13, 0, 1, 1)

Add Exrz

I:n -1 ]P1

1.3 13 = 193
'1‘ 192 - 13
18 el =2
140 13 - 19,
"I,.rE 13 = 28

i ns

b}

115 Tig =13
49 195 = 1

13‘,} {1?: jﬂ = 193)

On ifn =1
Lirk 3, (1, 30 - 19, 0, 1, 11)

10
b
1

Punch E:E
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Because the multirlication subroutine in A,12/1 leaves
_ in 21, the
less significant half of the product ab with P}E added, it :lnn.reaﬂeg the

accuracy of the calculation if Ix? is summed double~length and roundsd oftf
to single length only when it is to be punched, This will be done when the
double-length accurmlator has been explained in I,10, :

3. '19 N - '19Jr Set 13!3 }tl_}rr=ﬂ
n * Set n = 10
16 Tyg = 13 = Link 1, (1, 21-:20, 0, 0, 5)
3.8 3.3133‘
15 19 =13 Link 2, (4, 21 - 16, 0, 0, 0)
328 |R'mf'(3]
13 {1?, 21, - 16) ¥y
10 E'DE - 14 Xn
1, 1, =13 Link 3, (1, 21 =13, 0, 1, 1)
25 A, 12/1 |
119 {m, 215 =~ 13) Xn¥y
1y 195 - 25 Add 1_% XY,
n+1
1 10
1¢ 19, - 13 nP,
1g 27 - 26
110 13 - 19, (n - 1)B,
14 13 - 28
| nz
J
45 11?" 13 Link 4, (1, 30 - 19, 0, 1, 11)
149 215 - 14 Ly
bog P.01
15 (11?, 0 - 193.}
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b

308 R,01/3
1o 16 =13
12 1,1,"_ - '”I-
Sag F,04/1

24 A.12/1
130 {15’ A3 - 195)
1g I - 13
4o T4z - 14
Sag ‘ P.04/1
1 (145, 1 - 13)
2g A.12/4
130 (g 195 - 14)
by P01

142 Ty =13
1.,,25 [P.G‘i

- 17 -

Technical Note No, M.S.38

Link 1, (1, 21 - 16, 0, 0, 0)

X
x

Link 2, (2, 1 = 13, 0, 5, 8)
::1"';21u11|.,xin16

Link 3, (1, 21 - 19, 0, 1, 8)

V2
<1/2

Link 4, (2, 1 = 13, 0, 6, 8)

5:1‘;#1111!4.,::5.1115

Linkﬁ: {1: 19 - “«H DJ 11- ?}

<2
N

Link 6, (1, 19 = 14, 0, 1, 12)

Punch xyE

/b

Link 7, (1, 1 - 1, 0, 0, 1)

Punoch ::yl"



5e

11 -13 - 13
328 | R.01/3

1 1 =13
1, 1, =25
15 13 =18
1? 1'5‘ - 13
25 || A.12/1
135 {19: e, - 13)
1 g = 14
523 |F-W1

Technical Note No, M,S.38

Link 1, (1, 21 - 14, 0, 0, 0)

x

x

Add P

x + 1

Link 2, (1, 21 - 13, 0, 0, €)

®(x + 1)

Liﬂk 5.1! {"I-I-j 1 = 13, D, 1':', EEJ

Y%/ (x + 1) in 14

Link 4, (1, 1 -1, 0, 0, 1)

Punch Yx/ (x + 1)
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- 123 125- 1-3 LII'JL’.'I‘. tT' 21 = mr U, ﬂ; 0}
I
Jon | R.OV/3
1o 27 -1EI2 Set n =1
'I3 - 193 set V(o /i m 0
T a7 -
1”5 13 =19, Py
1oy a =25
P 13 -18 (el )P,
12“‘ 13 =13 Link 2, {1, 2 =~ 13 0 0, 5)
= ‘.LIEH
19 (g0 21, -13) /(e )
ig o= Link 3 (1, 14 =13, 0, 0, 1)
SEE F.OLM ]
1, 193 - 26 Bubtract Y(r=-| }/n
1 2, -26 SWitract g
16’/} - 27 Valie Ty “Vinl/n =g
s -
1g 1h =19 Vo) o 19, =16 n,2™ (frastion)
replaces 149 e =1 29, 107 (fraction)
¥z )/n 149 1913 Linkk, (1, 21 =13, 0, 1, 2)
EEI A2
~ =3
133 {119, 213 13) ni0 - {fraetion)
1s £ = 25
144 13 =14 n,107 (rounded wp)
121 TEE"'I,E Link Ep [1'1 "'II| ﬂl O 23}
hﬂ, F;'ﬂ'l

This is a clumsy method of an integer, Usually the special
subroutine for punching integers recommended in I1T,3 would be incorporated
in the program pack md used,
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7
> 1, n -19

111 115-13
1y (145 21, =13)
11: 13 =-28
L

1= 1t|- =13 Link 2

1g 15, =14

hog P01

Technical Note No, M,.5,38

(2 m,.c,)

Link 1 £

Test for x = 0

151'5;2*25 1?153—25
1613 -[192 1,13 »l‘:':j
Link 1 18 1, 20 =13, 0, 0, 0

ik 315 1, 1«1, 0, 0, 1

- 1?],',"

Test slgn of



1q 13 - 14
-1
7 195 -tk

1g 140 = 14
508 F.0L/1
130 (110, 14 = 19,)
113 19, - 14
146 T4 = 13
hog P,04

141 195 = 13
B, 04
hog

- 175 -
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Link 1, (1, 21 = 19, 0, 0, 2

£

Link 2, (1, 21 -~ 15, 0, 0, 0)

Hx + y)
¥
Link 3, (1, 21 - 13, 0, 1, 8)

Linlc 4 L o )
(1, 14 = 19, 0, 1, 13
¥

e~
#x + )

Link 5, (1, 19 = 14, 0, 1, 41)
Punch #(x + y)
Vi

Li“kﬁ_, {}, 1 - 15, ﬂ_j 3: EE)

Punch v xy

Lintc 1



Technical Note No, M.S, 38

- 11 13 - 13 Link 1, {1, 21 = 20, 0, O, 5)
Top H.D”Ji
15 19 =13 Link 2, (1, 21 =19, 0, 0, 13)
3 g R01/3
113 11? -13 Link 3, (1, 21 =15, 0, 0, 7)
333 [Lm.’j
1-? 15 '193
2 14q 19, -14 X
112 193 -25 add Tr.
115 13 -1!# Jrl' ?I"'
18 19, ~16 .
1og 23 -13, M s ) = 1
122 193' '1I-|- rr-
105 g =13 Link 4, (1, 21 =13, 0, 1, 19)
28 [.L‘IEH |
523 FOLM
T Uz 1 =195) Va, = Tre1
12 ‘IQ‘E =13 X1
1h 1, =26 Subtract Yr.q
15 HJE = 2h Subtract E
's 13 i"'ﬂ' el " Vet "€
Ld
14 19, =14 X
1'“I- 1-“5'15 Link &, (1, 19 = 1L, o, 1, 21)
Ling F.01 Punch X,
121 12“4-13 LIHK ?- {.3- 1 ""1::.. 'J. 9} EE}
Lo |P.D’| | Pumeh ¥,
'le HE.[;’ 15 = 13} Link 2

]

Xy #x. + yp) = earithmetic mean of Xy and ¥i.
¥rai = 'r":.vl'rr = peometric mean of X, and y..
1% is well known that the arithmetic mean is greater than the geometric mean,
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10, If T,01/2 is given y in 13 it caloulates sin 90y° or cos 90y°, We
mst therefore put 108/9 in 13 to get sin 1008° and ooe 1008°,

] 11 19 "'13 Link 1.- [1- 2 - ﬂ}, ﬂ| ﬂ, 'IEI
3 | RO 13
1":' 112 =13 Link 2, {1, 21 = 18, 0y Oy 0)
3 | RO1/3 |
1u 12 *"“I- 15.1’9
'13 15 =13 LIT-'EJ; ':1121"3:': 0, 1, 11)
25 f.mani
111 2'13 - 1:5
f T.01/2 Entry for cosine
1 (Y45 13 =16 cos 1008
1& mz =14 r
1g g -13 Link 5, (1, 21 =14, 0, 1, 1L)
EE AL
i T1g =13 Lirk &, (t, 2 =13, 0, 1, 17}
leg [ P, 01 I Pureh r eog 1000
1 (145 mj - 13) 106¥9
117 1y = 15 Link 7, {1, 13 - 16, 0, 0, 18)
Bag T.01/2 Entry for sine
'l:-_. ”19' 13 =16) sin 100 ©
14a E'l:l2 -14 r
1o 17 =13 Link 8, {1, 21 =14 0, 1, =)
25 A.iEﬂi
11: l1-l'“ 213 ‘11[} T sin 1':.:!5
1ag Iop =13 Lirk 9, (1, 1 =1, 0, 0, 1)
liag Jr.m Purch r sin 1000

M. ILet the number on the n'th card be tn. Buppose the n'th patient
arrives at time x; and the doctor starts to deal with him at time Yo (These
times are measured in minutes divided by 100,)} Then X, = Xy 4 = 0,05 and

¥n = ¥n-1 = ty_ 4, because the n'th patient goes in when the (n-1)'th comes
ut, The n'th patient therefore waits for a time fpn = ¥n = X, and

53"%—1=tn_1-ﬂ.ﬂ5. wﬂ5m1ﬂm5nm192mﬂ'nﬂm5rfmr=1?
El‘finiﬂ19j.
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%y < 0 means that the doctor is ready before the patient arrives,
As the pa.t:.ﬁn'!: cannot wait for a negative time we shall set z_ = 0 in such a
case and show the patient in as soon as he arrives,

We know £4 = 0, so the other initial ocondition is Wy o= The block
flow diagram is:
Set % = QO m ", _—— g
== Read t,
tn positive —o punsh, v,
-] l (o back
fe] = 3n_'ll t'I]. = 0,085 |
£ positivey
r_“j/ NE
L R pooftive? Betz_, = O
Tas l Neo
L B O LT
| -
The progrem is: < =
15 » =19 (2 m,e, 1= Z, =0=m
':,.'l.. 19 1.11 “13 Lirﬁh {1.21 '-E?; EI,-_EI,.}
——
3o tp,.mrﬁ |
30 Mg Ay - 27) *n
S
11 19'! =14 “I:l
bpg F.O0f Punch W
3 f420 1 1 i
—== 10 15, -13 ‘n
12 21, ~25 Add t,
15 1g - 26 Bubtrast 0,05
1?’ 13 "IEE End' %—D|ﬂ£= E-!“"T
Yo 13 -7 -
+
193 193 - 25 Bubtract w,
g 3 -3 “net ~ "n
W
g 193 - 25 Add wy
-
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Exercises P

this would result in a 8lightly shorter pro

Technical Note No, M,S, 38

The solutions given here do not use A M. Tn several cases

-179 -

155 15 = 13 1,10 - 16, 0, 0, 1)
1og 19, - 25 r B,

13 195 - 13

15 16 - 27

-_-_‘__j'-"--‘-—- -

__ CTHTM6e sl

1 13 -'TF?/

149 0 -19 (2 me. Set r =0, I |x o

) et r =0, I = |= 0

123 195 = 13 = [1, 10 - 16, 0, 0, 3]
126 92 -2 T By

128 13 = Dj[}

Q30 {125, 10, - 16] Fetch x,

) r-1

31 193 =13 E'l: I’L“Ll

12 ¢ %
x 15 16 - 26 | Add |x,|

1? 13 - 1{’ | T ixﬂ

()

112 28 - 25

14, 13 - 19, (r + 1) P4y

120 13 - 28 Test (r - 19) P

; e 17
&
120



Technical Note No, M,S.38

3. Because this exercise is similar to the previcus one, the solution
given uses a count going dewn from 16 to 0 so that the rﬂu.dar can ses the
relative merits of counting up and down when either can be used,

15
1_13 0 - 193 Set ri'! J'i
o0 28 - 26 =
122 13 =19 rBy7
125 12? = 25 E-]l 5 - -uﬂ Dl 161‘ h]
128 13 = G_‘ﬂj
W0 [ 127: Iygp= 14] feven
11} 14 = 16 X
1 1 =13 Link, (1, 19 - 13, 0, 1, 9)
25 A,12/1 x.Z in 214
150 (1, 195 = 13) Y ox?

r+1

2

1,:.31 21y - 25 Add x,
1 2
1 13 =19 E
11 3 b |
11? 13‘ - 28 Tesgt P.I?
I nz
z
119
L

(i) If the nuni}gr in 14g is nh.an d to _'5 he program f

If_:L:T..:I If the number in 445 is changed to HP'}?! the program forms
0%(946) + 02(935) + <uu + 0%(%) + 0%(955) + vuu + 0%(9, )
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5. 1y 13 - 13 16Py
1, 28 -~ 26 e—
1¢ 13 - 19, r By
19 194 = 25 [1, 9 - 14, 0, 0, 14]
112 13 = Gu,_
Q1490 Fqger = 14 Fetch x
1o 1 -6 x,.
15 g =13 Link, (1, 21 - 14, 0, 1, 5)
2g A,12/1
130 (g, 215 - 1p) xﬁ
15 17 -13 (1, 1% -9, 0, 0, 13]
110 19, - 25 r Py
140 13 - O
q1i..[1?' 14 - 91E+r] Store IE
129 19, 13 T P17
1y 13 ; 28 | TestrPy
J
'3

The first instruotion cannot be placed in 1,5 because A,12/1 needs the
usual 1% - ﬂjﬂ instruction there,

6.
100 30 - 13 Set r = 0
123 13 =14 = ;T Eyv
125 1o7 - 25 [1, 11 -13, 0, 0, 13]
128 13 - 04,
93}[‘12?, M. - 13] Fetch x_
143 145 = 26 Subtract 1 (i.e, Py)

/’LE*-//*I} -\E‘?\ Test (x, ~ 1)
48 145 - 25 149 14 = 13 r Pyy
(Aad 1) 1oy 26-25 | (r+1) Py7 in 13

In this example the count mist go up from zero.
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Teghnical Note No, M.S. 38

‘i5 n -1k Eet =10
123 1oe =13 [1, 11 =15, 0, 0, &
126 14 =25 Add r By
1,8 13 - 0,
Q[ 1o 11, = 13] Feteh X,
1 1g - 26 Bwbtrast 1
1? {5 =27 Test (x, - 1)
1g 119-13 Betrs+ 1 =722 \tm‘lﬂ“‘- 13  Pye
1”; 28 =~ 25 {-—-— 11223 - 25
e 13 -15 T Pyq 14513 =14 (red) Py
14 15 - 25 (1, 11 =14, 0, o, 24] 17 Y4g = 26 Swiract 2 Py
123 13 - oy (1 11 =14, 0, r, 2) 1oy 13 =28 Test (r-31) Pyq
Qg [ 145 11, - 18] Feteh x, | na
121, 159 = 26 (o, 2 -2, 0, 0, 16 x} {n 3
108 13 & 0g 1, &3-1,0,r, 8
(- 25 -11] Btore  x,
15 15 =13 r Py
Ty 13 -EEM TeSt T Py
B |
UF

8. Let ar=a.r+xah_1+...+x“'ran. Then sy = &, + X3¢ and y = 8

708 13 = 1y
?31 ED = '”i-
o , =15 s—
T 20 - 25 (2 m.e.)
r——
25 P A2/
1:ﬂ [?#j A-P-}-I" = 13]
Top 13 =1
7oy 20, l— 28
Tog 0 =022
26 = | nz
?3‘3 28 - 26

Second order subroutine,

- 182 -

Plant Link

E'nx+i1 =0

[?! 0~ 13: 'DJ DJ‘ 19}

Add KPg + ];E'.}?and T P‘i'{ BO
that 1ink is (7,A~13,0,p+r,19
Fatch .

Mli a4 EI‘-I-"E

S, replaces B, 4
Test r P'I'F"

r By

(r~1)P, 2 replaces r Py



Techniral Neote No, M,S, 38
In this example the counting has been done by the method not
recommended in I,8, namely,

Test Count
Reduce Count,

This was done because (n + 1) numbers e, have to be fetched - the working
part of the loop mst be traversed (n + 1) times - but the oount starts at
n, not (n + 1), The recommended method

Reduce Count,

Test Count,

could be used provided the oount is tested with destination 27 and the loop
left when it goes negative,

L ?EE 13 - '131 Plant link
=1

79 30 - 205 Set I xy, =0
T 205 =13 = (r+1) 2yy

146 28 - 26

T8 13 - 20, r P,

To4 19, =25 Add APg + P,

To5 To7 = 25 244 [7, 0 - 16, 0, 0, 20]
108 13 = ﬂff-}

q_,p [?2?, Abﬂ_ - 16] Fetoh x,

720 Top = 13 (7, 0~ 14, 0, 0, 6]
?Eﬁ 2‘:‘2 - 25 Add rP'I?

Qz0 [?Eg; Bq:ﬂ, - 4] Fetch y.,

7¢ 7g - 13 Link (7, 20 - 13, 0, 1, 5)
EE 1_12}"1

139 (7g, 205 - 13) 5

0 ‘g 3 rqd 373

o1 |

?‘? 13 = Eﬂj f‘_ Ty
7 20, - 28 Tast P

10 EI ne 17

o |

T3 0 - 0

134 LINK
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For the sake of completeness we give alternative counting, using
A.IM., to some of the examples above,

Za.,
107 192,23 = 185, 3(2 me.)  0(159=(1,10-16,0,31,(0), 31),
c{123] = 20 Py,
g, 30 - 13 SetI || = 0
1967 (10P1) 18, = 03,1 =
Q50 [(1p0): 10, -~ 16] Petah x_
1 16 - 27
oL + -
: 16 \1-\?&“ 2% £aa |x|
1-1- 1 - 25‘\ o+ = xr
1;{_ (3B1) 133 ﬁ-;:ﬂ/’ Reduce Count
1gt 18 - 28 Test Count, (This instrue-
3 nz tion mist not be in 17 - why?)
2|
125 13 = 193
Ga.
Tyt 126 = 17, ¢(1p6) = (1, 11 - 13, 0, 31, (), 31)
10g: (3P1) 17, = 03, 1 &
Qz0 [l1pg): 11, - 13] Fetoh x_
1ay: 14 =26 Subtract P31 ( =1 to 30 b,p.)
12" 13 - 27
b
197 1, =25
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7a,

IIE=
'!EI= 123
12ﬂt {1op1) 1Bz
Uy “‘1&“ 11y
12.5: {1081 131

Gz [ (12 23

The instruction in 4

1“: 1.”“-'(%52
121= 123 -‘153
Tog (10P1) 18, = o, , 1
Quy [ (145 0: 11, = 13]
119: 15~ 26
113: 13 - 27

19,18 = 18 , (2ma) 1o

--'I!E'rJ
= ﬂm,1 {Fﬂmh_;*-.,

{
-14) T
- 025. 1 Eﬂturi
-11,) (¥

L=

EXIT

Technical Note N», M.S, %

uum] =1, 11 =13, 0, ¥, (0), 10
Clipgg) = P2 = 2.p17

Fetah .'I:r
Suwbtract 1

Test
Reduce Count

and test

ﬂ.{i.t?} = 1. EJ = 11.- ﬂl '.'J, I:'DL- 1?
l:Hml' =1, 11 =14, 0, 3, {0}, 26

94 18 used to set the counter for both loops, and
125 are the count and test instructions, If mumbers have

to be halved the test instruction leads to the 1og written on the left-hand

side of the page, Spill-over could
number of instructions and time taken,

exita,

-~ 185 -

have been used and made a saving in the
There would then have besn two



Technical Note No, M.S5.38

LIST OF REFERENCES

(Books are dencted by an asterisk)

fef, No, Aub hor

1 Barritt, MM,
Burnett-Hall, D.G,

2 Devis, G.M,

3 Devis, G,M,

4 Denison, 8.7.M,
Hawkins, E.N,
Robinson, C,
Hawkinas, E,N,

5 Dodd, K.N.

6 ‘Rinhard.ﬁ, R.K,

7 Samet, P,A,

8 Semet, P, A,

9 Watt, J.M.

1':' “ﬂ'il}tﬂs, H.v-

11 Wilkinson, J,H,

12 -

Title, ete,.

Notes on Decimsl-Binary and Binary-Decimal
Conversion, M,5, Computing Note, (Series A)
No,103, 1956,

IEUCE Programming Manual, English Elsctric
Co, RBP':E't- 195‘5!

IEUCE Logical Design Manual, English Electric
Oc. Report NSy 37. 1956,

English Electric Co, Report

IEUCE Alphacode,
(This is DEUCE News No.20.) 1958.

N5y 87,
Supplement to IEUCE News 20,
Co, Report No, NSy 114, 1958,

A eimplified ooding system for IEUCE,
R.A.BE. Technical Note No, M.3, 39, 1957,

Arithmetic Operations in Digital Computers,
(Wew York), 1955,

English Electric

A detailed coding programme for IEUCE,
R.AE. Technical Note No. M.S,37. 1957,

Operating instructions for the Detailed Coding
Programme (R.AE.415), M.S, Computing Note
(Eﬂriﬂﬁ BJ, No, 21?- 1957,

The assembly of large programmes for the
antomatic computer IEUCE, R,A.E. Technical
Wote No, M.8,31, (1956).

Automatic Digital Computers (Lendon), 1956,
An assesament of the system of optimum coding
used on the pilot sutomatic computing engine
at the Rational Physical Lsbaratory.

Fhilosophiecal Transactions of the
Society, (Series A), Vol,248, p.253-281, 1955,

Interpretive and Brick schemes with special

ragﬁmnua to matrix operations, IEUCE News 10,
1956,

~ 186 -



ATTACHED:  Appendices 1-4

Drg., Nos, M.S,3052, 3817 - 3822
Detachable Abatract Cards

ADVANGE TTSTRTBUTION LIST:

He adquarters

Chief Bedentist
ICA (RD)
IGLRD
IBR(L)
ICW (Tech)
ALY AR
aw(B)
TIL

Pats 1B

150

R AE,

Direcotor
ooz}
IDLE
Head of Aero Dept
rl [m'
n Structures Dept
" .ﬁ:-:rn:mntaﬂ !
i Rﬂﬂiﬂ' "
Tl IAP 1]
" Electrical "
" Instrumentation Dept
" MS Dept 50
CS/RAE Bedford
Pats 1B(1)

Secretary, Digital ﬂnmp.tting Panel,
Library
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AFPENDIX 4

FUORCTION CODE OF DEUCE
The TInstruction Word

T 111 11111 11414 1 11111 11119 11111 1 1
A WIS 8 D Ch v (J) T X
1 2= 5-9 10=14 1516 17-29 22-25 26-30 31 352
&) Sources and Destinations
Source Deastination N.I.S.
0 Reader or I.D. TS Count DL B
1 DL 1 DL 1 DL 1
2 IL 2 DL 2 DL 2
3 DL 3 DL 3 DL 3
i~ L L DL 4 DL &
5 IL 5 DL 5 L 5
6 DL 6 oL & DL 6
7 L 7 DL 7 DL 7
B IL 8 DL 8 -
9 DL 9 DL 9
10 DL 10 DL 10 ers
11 DL 14 DL 11 0 - 24 Start Multiplier
(DL 11 associated with magnetic drum) 1 = 24 Start Divider
12 DL 12 DL 12 2 - 2k (e) Discriminator, TIL,
13 TS 13 T8 13 3-2,  TCA on
14 IR T8 14 b - 24 TCB of f
15 TS 15 T8 15 5 - 24 TCE on
16 (a) TS 16 (b) T8 16 & - 24 Marn off
17 Qs 17 Qs 17 T=-24 Alarm on
18 Qs 18 Q3 18 B - 24 Clear 0.8,
19 D5 19 DS 19 9 - 2k Stop Reader or Punch
20 DS 20 D8 20 10 - 24,  Start Punch
21 D5 21 DS 21 12 = 24 Start Reader
22 (o) (DS 21) + 2 (o) Add to DS 24
23 (T8 14) + 2 (o) Subtract from DS 21
2L (T8 14) x 2 (&) Triggers
25 (TS 14) & (TS15) Add to T8 13
26 (TS 14) # (TS 15) Subtract from TS 13
27 P 1 (e) Disoriminator, sign
28 P17 (e) Discriminator, zero
29 P 32 Punch or 0.8.
30 0 (d) Magretic read or writ=1 fﬂh. even - read.
3 "Ones" = -P1 (d) Magnetic head shift . I (Ch. odd - write

(a) DL 10 delayed by one m o, if TCA on.
(v) Puts TCA off,

- 188 -~

(c) Behaviour depends on state of
TCH.
(d) Special source numbers.
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(e) Discriminations:-

A discrimination is coded to lead to the OFF side, which is the
earlier of two consecutive instructiona

oFF oy

(Normal)  (Abnormal)
D 27 + -
D 28 - ne
2-2l, No TIL TIL

Number of minor cveles

D.L, Q.8. D. 8. | T.S,
D.L.1-12 D.3.19-21 T.8.13-16
Alsc B.16 if TCA on | Q.5.17,18 | Also 8 22,D,22,23 | Also 8,0,23-34
and D.0, and D, 25=-29

it

W 0~ W = O

[ .
- 3

.
LT I ]

Available

P —
o

every

-
=]

minor

-
LT

cyole

v R PR P B By P RS
umm-ﬂmmﬁaumuu

Lw
o'

=

oyt
mm-iﬂt.um-*ﬂmm-tﬂmﬁaacum-hcmmnhaum-bnum-a!:
LI S L L R I D UU R W VIR N T WV X N L At O T T I N WY T X A O O W R R (T T X, S PR S [P X"
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Automatic instruction modificsation

¥ 17~-0, 0| 17~ 0, 1
| 0 =3 +E. +F
h -7 +EFy +Py + F22
8 - 11 +F P
12 = 15 B -P__ = P22
-
¥ 18-0,0| 18~0, 1
0-3 ~P_ -F
b= T Fr = Fop
12 ~ 15 -P_ +P, + Pgp

The successive values of P, in each group ars P5, P10, P17, P18,
¥y represents the value of the four digits P1, P2, P3, Pl.
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APFRENDTY 2

BINARY ARITHMETIC
Soale 2

e )

In % scale of 10 (the dscimal scale) the m.%ber 142 meens 1,10° +
4107 + 2,100 and 0,625 means 0,100 4 6,10-1 + 2,10~ .10-3, There are
ten possible values of each digit,

In the scale of 2 (the binary scale) there are only two aible
values for each d%gi‘t,ﬂsmﬂ.‘i. Ths r 10001110 means 1,20 4 0,29 4
0.22 + 0,2% + 4,254 1,22 4 1,21 '+ 0,20 — it is 142 1in the decimal
scale - and 0,101 means 0,20 + 1,2-1 4+ 0,2-2 4 1,273, which is 0,625 in
decimal,

When working on IEUCE it is customary to write the least significant

binary digit on the left, reversing the usual procedure for decimal digits,
Thus

152 = 01110001
0,625 = 101,0
142,625 = 101,01110001

Vhen mumbers written with the least significant digit on the left
(as is dome throughout the remsinder of this section) are added together,
the least significent digits are still added first s 80 the result is written
dovn from left to right, The least significant digits ere added and the
sum digit vritten down, There is also a parry digit which has been written
down in examples 1 to L immediately below the sum digit and immediately
transferred to the next column to be added with the next least significant
digit., Normally the carry is sdded mentally without being written down.
To clarify the process examples have been given in decimal as well es binary,

hEE.l-j 1 Add 975 and 264 in decimal (Least significant digit on the
right,

975 a

26 b
110- Carry from previous digit
1239 Sum

0110 Carry to next digit

Example EJ 434 0101101 and 0011011 in binarv. (Least significant digit on
the left,

a 01101
b 0011011
Carry from previous digit -00011141

Sum 01100011

Carry to next digit 00011110
The nunbers are 96 and 108 in deoimal and the Eum {nmaﬂﬂ i= 198,

- 1M =
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?mmriu 3 J Subtrect 53 from 225 in decimal. (Least significant aigit on
ght,

225
53

10~

172

a

b
Negative carry from rrevious digit

Difference

M0  Negative carry to next digit,

Subtract 101011 from 10000111

¢igit on the left,)

in binary. (Least significant

& 10000111
b 10101100
Negative carry from previous digit -0011140
Difference 00110104
Negative carry to mext digit 00111100

The numbers are 53 and 225 in decimal, and the difference (correctly)

is 172,

Example 5 Multiply 11001 by 14011 (in binary)

Example 6

(In decimal, div

11001
011001
0000000
00011001
000011001

100000000

(In decimal, 19 x 27 = 513,)

Divide 1111110111 by 10101 (in binary).

101104

V1111490111 |
10101

111110001
10101

1110111
10101

110001
10101

0111

T ———

Quotient 101101, remainder 0144,
iding 959 by 21 gives quotient L5, remainder 1k, )

-~ 192 -
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Negative numbers

If 437 on the setting levers ie subtrected from O in the product
register of a desk machine, the result is ..,..99956%, The negative of any
decimel can be cbtained in this way, writing the nines-complement of every
digit except the least significant non-zero digit, where the tens-complement
is written, A negative number has a string of 9's at the most significant
end, a positive mmber has a string of 0's,

This is the most convenient method of representing & negative number
in binary inside a digitel computer, The negative of 00101011011000.... is
00110100100111.... A negative mmber will have a 1 in the most significant
digit end a poaitive number will have a 0.

Just as ,.,,999563 can be used satisfactorily on a desk machine
instead of =437 for edditien and subtraction but not for multiplication and
division, so, on a digital computer special care has to be taken over

negative rnunbers in multiplication and division, but not in addition and
subtraction,

a 0 to the least significant end of 000437 gives 004370
multiplylng the number by 10: (& fixed word length of 6 decimal digits is
being used because most digitel computers have words of fixed length). The
negatives of the two numbers are 999563 and 9956%0: so a negetive rumber

represented in the complement form can be multiplied by 10 by shifting it
up one place,

Shifting 00OLLO down cne place gives-00004Y, a tenth of the rumber,
The complements are 999560 and 999956, so shif'ting a negative number in
complement form down ome place divides by 10 provided the new most
aignificant digit is a copy of the old ome,

Similar statemernts are true in binary, Shifting up 101011014000 and
110100100111 up one place gives 010101101100 and 011010010011 respectively,
doubling the numbers. (A fixed word length of twelve binary digits is used
in these examples,) Bhifting down 000111011000 and 000100100111 by one
place glves 001110110000 and 001001001111 respectively, halving the numbers,

provided the most significant digit (the "sign digit") is a copy of the
previcus one,

Of course shifting down does not always give correctly rounded
divieion by 10 or 2: shifting down 000437 gives 000043 whereas OOOOLL is
the correctly rounded value, and the same applies in binary,

Emlanfﬂ

In transeribing strings of 32 digits, all ones and noughts, there is
a considerable possibility of error., The usual system on IEUCE is to
divide the muwber by commas, starting from the binary point, and then

treating each group of five as an integer, to write its decimal equivalent®,
Thus

001100001011141000011040000141, 10
becomes 00110,00010,11114,00001,10100,00114.10 and is written
12 , 8 ,3 ,416 , 5 , 28 ., 1,

* A list of the binary equivalents of the integers from O to 31 is given on
page I of Ref.,q,
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A more sengible system would have been to divids the binary digits into
groups of three, There would then be no need to write comms between the

resulting "decimal" digits and tables (Ref,1) exist for conversion between
decimal and octal,

FProbebly the originel choice was prampted by the fact that Hollerith
oards have rules dividing the columms imto fives, On a desk machine con-

version to end from the scale of 32 is quicker then the scale of 8 because
fewer operations are necessary,

It oan be seen that this is equivalent to writing the mumber in the
scale of 32, nunbers 12, 32~ * 8, 32~5 5831,32-# 16,32=3 4 5, 32-2 4
28,321 4 4,32 anﬂ(ﬂ.E':"G+ﬂ.2" 9 . + 1,27 +1.E"25}+ R !
(029 + 0,27k & 1,273 4+ 1,272 4 1,271) 4 1,20 sre identical.

It is sometimes necessary (particularly when testing programs) to
comvert mumbers between the scales of 10 amd 32, The methoda for doing
this on verious makes of desk machine will be found in Ref, 1. The progess
should be avoided where poseible, If a constant has to be put inte a

program in binary it is better that the Detailed Coding program (R,A.E,415,
Refs,7 and 8) should be used,

!lmhﬂ;!_ "to p b,p,"

On IEUCE murbers are often described as having p binary places. This
means that the number has p binary digits below (i,e. less significant than)
the binary point. Of course the position of the point does not matter when
numbers are added or subtracted but it does affect maltiplication and
division. Subroutires for multiplying and dividing 30 binary place mmbers
are most commonly used, It is much better to describe all mumbers to 30 b.p.
e.g. %/l and 274 log, x, rather than (28 b.p.) and log, x (26 b.p.),
although the two descriptions are synomymous, It tekes considerable thought
to decide whet is the product of =x(28 b,p.) and log, x (26.b.p,) when a
30 b.p. miltiplication subroutine is used, It takes much less thought to
find the product of %/l and 2% log, X, so fewer mistakes will be made.

It is unfortunate that most library subroutines use the x(28 b.p,)

approach., A programmer using such subroutines should immediately translate
all such references into numbers with the binary point in the position he is

using,
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1&12

113
1y
5
1/6

il2;
17131
11y
1150
16
1
118;

< 4.

1WE

.10
o by
« B,
A6,
. 0y

r Oy

« Op

-ﬂ'

l‘ﬂl

0,
is,

11,

.

115

&7y

13

2y

2y

3

A,
27,

12,

10,

Os
10,
10,

B
12,

2y

25,
2L,
Ts

11,

APPENDIX 3

USEFUL CONSTANTS

8
chnigal Note No, M,S.3
Te

g-l #

2y

12,
15,
29,

2l
Gy
19,

10,

10,

Oy
10,

10y

4,

0,

16,

i5,
i3
154

16,
5.
1.
0.
0.
Q.

0.

b3
22,2
13.1
18.0

18,0

0™
2° 102
25 193
210,107k
215,107
215,10
20,1077
225,108
2%,10™?
2%, 1910
25,10~
25,1972

117
1/8
113
1Mo

/91

110!
111
1/121
113
1My
1151

Inl'.tu 8
log, 10
log, €
log, 2
pF i

1/e

~ 195 -

26,

2,
25,
28,
1k,
27,
29,

18,
0y
18,

T

20,

17,
13

11,
2his
18,

T

12,
&,

2P

b
I

15,
Ts
25,

0,
0y

0y

29,
20,
29,
13,

15,
1o,
13,

s
12,
23,

S
23,
11,
s
My

25,

18,

0,
18,
19,

14,

15

17y

25s
2l
18,
1L,
13,
23,

3,
16,
13,
3,

12,

2l
27y
17
17,
.
18,
11,

25

Sy

N
0y
2l
124

T
0,

15,

F oy v w

10.

S
10,

3.
10.
1.
3¢

10,

Je

O
Q.

Qe

13.0

9,2
1k
2.0
10.0

1.0
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OWwm=loh VMLm=

T T TR
e RO

TR Ry
o=l O

35

HEURY BeRNE Spbpw

—
AFEB Bum=

335

268,
5368
10737

2147k
42919
85859
171798
3 43597

0,125
0,0625

0,03125
0,01562
0,00781
0,00390

17728
35456
70912
4182y

83648
£7296
34592
69184
38368

5
25
625
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Powera of 2
n oh
36 6 8719
37 13 74389
38 27 L8779
39 5L 97558
L0 109 95116
41 219 90232
L2 439 BOLES
b3 879 60930
L, 1759 21880
L5 3518 43720
46 TO36 87441
L7 14073  TL8B3
L8 28147 49767
43 56294 9953,
50 1 12589 95068
51 2 25179 9B13%
52 4 50359 96273
53 9 00719 92547
5l 18 014339 B5094
55 % 02879 70189
56 72 05759 jO379
7 144, 11518 80758
58 288 23037 61517
59 576 075 2303
60 1152 92150 L6068
61 2305 BL300 921%
62 4511 68501 84,273
63 223 37203 68547
64 18146 TRYOT 37095
Negative Powers

102 278 390, 625

1@ r@ 97.65625

1010 5:33 1.52587 89062 5

2,32830 64365 38696 28906 25

- 196 -

76736
5372
06 9L
13868
27776

55552

11108
22208

LL16
88832

71664
55328
10656

21312

85148
TOL96
40992
8198y
63968

27936
55872
170
23,88
L6976

93952

75
51616
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APPENDIX 1

HOLIERTTH TIMINGS

To the programmer the

important times are the minmima between events,

He must treat them as his mexima, His program should then work on any

IEUCE at any time,

The engineer mist see that the meamured time lies between the

meximom and the minimum. If it does not, the machine is umserviceabls.

All times are given in major cgyoles unless otherwise stated,

Program
number Test

Time which row is avallab
TH 51;;1 Minimom time after the single-shot for

which source O gives the word punched in
any row,

TH 02/1 Meximum time after the single-shot far

which source O gives ths word punched in
any row,

Minimm time after the single-sghot for
which destination 29 is punched on row

Time betwean single-shots

TH 03 Minimum time between successive single-
shota from ssme card,

TH Q4 Maximmm time between succeassive single-
shots from same card,

TH 05 Minimum time between 9 row single-shot
of one card and Y row single-shot of next,

T™H 06 Maximim time between 9 row single-shot
of one card and ¥ row single-shot of next.

Length of TIL,
T™H 07

Minimun time between & row single-shot
and beginning of TIL,

TH OB Minimum time between beginning of TIL
and 9 row single-shot,

T™H 05 Maximm time between beginning of TIL
and 9 row singls-shot,

TH 10 Time between 9 row single-shot and end of
TIL when cards run contimuocusly,

T™H 13 Time between end of TIL and ¥ row single-

shot of next card.

T™H 16 Maccimum time between stopping reader/punch

by 9 - 24, X on 9 row and end of TIL,

~ 197 -

Specification
Reader Punch

2 min, -

6 max, -

- 5 min,
15 min, 38 min,
21 max, L5 max,
80 min, 116 min,

100 max, 135 max,
11 min, 33 min,

2 min, 2 min,
7 max, 9 max,
18 min, 35 min,
2% may, 50 max,

§5? min, 75 min,
90 maoc,
23 max, 30 max,
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Specification

Program Reader Punch
mnmber Test
TH 11 Maximum time between stopping reader by hols

in column 54 on 9 row.and end of TIL, 23 max, -
Soures 0 reverting to I.D,
TH 14 Maximum time between 9 = 24 X on 9 row ard

Source 0 giving I.D, keys, 13 max, -
TH 12 Haﬂmmtimhatmmhnlammbmﬂ;nnﬂ

row and Source 0 giving I.D, keys, 13 max, -

Etm&enﬂnfam-axtgagm

TH 20 Maximum time between 9 row single-ghot and
9 - 24 on reader if card is not to be
missed, LO max, -

TH 24 Maximum time between 9 row single-ghot and
9 = 24 an reader if "Missed Card" warning is
to be given, 70 max, -

TH 22 Maorimum timeé betwsen 9 row single-shot and
9 = 24 on punch if no extra card is to be

passed, 20 max,
Stopping; restarting

TH 25 Meochmum time between single-shot (not § row)
and 9 - 2 to avoid further single-shots
from same card, 13 max, 35 max,

TH 24 Minimum time between stopping and res
in middle of card to avoid further single-

shots from same ocard, 2 min, 2 min,
TH 15/1  Minimm time between single-shot whers there
is hole in column 5) and recalling resder, O min, -
Speed of operation
TH 18 Reader speed 190 min, 95 min,
in cards per minute,
TH 19 Punch speed 210 max, 105 max,
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