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This handbook is written mainly fcr the benefit of those who
willl actually do programming for the Mark II'maohine. It is not
intended to be an introduction to computing machinery, nor is it~
intended to explain the énginéering techniques used in the machine,
Although it 1s believed thét the handbook is complete Zn itself, and
eventually could be understood by anyone with a mathematical training,
it is recomménded that the reading be suppleménted by some closer
contact with the machine'itsolf. _

At the time of writing comparatively 1ittle programming hagz
been done with the Mark II machine, It is hoped to issue supplomenss
consisting of particular routines from time tc timae, The convontions
and suggestions about proéramming that are given arc largcely Based

on cxpericnce gained frcom the lMark I machinc.
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1e Goncral rumarks on olectronic computcors,

Elcctronic coﬁputors aro intondcd ta carry out any dofinitc
rulc of thumb Droccss which could have been donce by a human opcrator
working in a disciplincd but unintolligunt‘manncr. Tho clcectronic
computcr should however obtain its rcsults very much morc quickly.
The' human computer with whom we arc comparing it may bo imagincd as
supplibd with various computing aids. Hc should have a desk machingc,

papcr to writc his rcsults on, and morc papcr on which is writton a

. dotailcd account of how thc calculation is to bo carricd out, Thosc

‘alds have thoir analogucs in the cloctronic computor. The dcesk

machine is transformed into the computing circuits, and the papor

bocomos the "information storc!" or morc bricfly the '"storc", whothor

it is papcr uscd for rcsults or Papoer carrying instructions, Therc

. is also a part of thc machinc callcd tho control which corrcsponds to

“the computcr himsoelf, If his possiblc bchaviour wero VOry aqcuratoly

~represcented this would have to be o formidably complicatcd circuite.

- However wo rcally only rcquirc him to he able to obey the written
.@nstructions and thesc can be made 50 cxplieit that the control can bo

- quitc simplc.  Therc remain two morc compononts of tho olectronic

computcr. Thesc aro tho input and output nicchanisms, by which

information is to be transforrcd: from outside into the storc or

converscly. If thc analogy of the human computcr is to be maintaincd -
thesc perts would corrcspond to his cars and voicc, by moans of which ho

pommunicatos with his caploycre.

.2, Scalcs of notation.

The information storcd on papcr by the human computer will mostly

-consist of scquences of digits drawn from Oy, 1, eees 9 Therc may

\‘

also bc other symbols such as doeimal points, spaccs ctce. and thorc may

. b¢ occasional rcmarks in Lnglish, Grook lottors chee Thcere may in

fact bc anything from 10 to 100 differcnt symbols usced, and thoerc is
no particular nccd to dccidc in advancc how many diffcrcnt symbols

will bo conccerncde With an cloetronic computcr howouver such a

‘iocision has to bc madc; the number of symbols choscn is rulcd very
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1argoly.by Qnginouring considorations, and with thc vast majority of
machincs tho numbor<is twoe. Machings (cege ENIAC) havc howcver buon
madc with 10 different symbols, Thc number for the ngggggi machinc
is two, and thce symbols uscd arc O and 1,

It is not difficult to sco that information cxprosscd with oné
sct of symbols can bc translatod into_information‘exprossod with
another sct by somc suitablo conventions, Cege to convert soqucncces
of dceimal digits into scquences of O's and 1's we could rceplacc O by
0000, 1 by 1000, 2 by 0100, 3,by 1100, 4 by 0010, 5 by 41010, 6 by 0110,
7 by 1110, 8 by 0001, gnd 9 by 1001, Altcrnativcly onc could assumc
E that thc scquenco .of decimal digits reproscentced an intcger according
? to the ordinary‘Arabic conventione This samc intcger could also be

. representod in tho scalc of two and would then appodr as a scguencce

" of 0's and 1's, Therce is an infinity of altcrnative possible

. convontions, However we arc not obliged to chooso any onc of than,
gTho possibility of this translation process was only montionocd to
-jshoﬁ‘that there nced be no loss of gencrelity involved in using 6n1y
. two symbols.
Although wc shall not nccd theso translation conventions we

3§shn11 oftecn wish to intorpret o scquoncc of O's and 1's as mcaning

4 gome integor, Thc most natural convention to choosc is that by which

v, the valuc of a 1 in the rth position from the right hand cnd is 2°~1,

. s0 that CeZe 11001 micans 25. This is thce closcst possiblc analoguc

of the¢ ordinary Arabic notation for intcgcers. Thc convention éhoson
- for usc with thc Mark II machinc is diffceront, The valuo of a 1 in

. the rth position fram the loft hand ond is 2F=1, so that 25 is

- reprcsented by 10011 instoad of 11004,  Thosc facts may bo doseribod

by saying that thc machinc uscs 'thce scale of two with thc most

' significant digits at thoe right hand cnd'.

Although thc scalc-of two is appropriatc for usc within an
%oluctronic camputcer it"is not so suitablc for work on papcr, and it is
;not possiblc to avoid‘papor work altogethcr, Without'attcmpting to
¢xplain tho rcasons at this stago let us accept that therc arc

occasions when it is dosirablc to writc down on papor thc scquence of
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symbols stored in samce part of the machinec. Suppose for instancd
that the sequence wés
100011101110100010011000111001010101101100100110

The copying of such seguences is slow and very liable to inaccuracy,
It is very difficult to 'kccp onc's placc!, It is thoroeforc
advisablc to rcpreoscnt such a scquencc on paper in a difforont form
not subjcet to thesc difficultics, The method choscen is to dividc
the scquence into blockSof five

10001 11011 101Q0 01001 410001 41001 01010 10110 11001 00410
and thoh to rcplace cach block by a singlc symbol, according to the
tablc bclow, Tho above scquonce thon becomos Z"SLZWREWN.

0 00000 [/ 11 11010 7. 22 01101 P
1 10000 = 42 00410 W 23 11101 g
2 01000 @ 13 10110 F 24 00011 0
3 41000 A A4 01110 ¢ 25 10011 B
4 00100 15 11110 Kk 26 01011 G
5 10100 § 16 00001 T 27 41011
6 01100 I 17 40001 7 .28 00411 M
7 11100 U 18 01001 L 29 . 10111 X
8 00010 4 49 11001 W 30 01111 Vv
9 10010 D 20 00101 H 3 11111 &

0 01010 R 21 10101 Y

Thesc symbols arc csscentially the tolcprintor codcy, cxcept that the

- combinations 00000, 01000, 00400, 00040, 11011, 11111 which in truc

tcleprint arc represcnted by

no cffcet, linc fced, spacc, carriagc roturn, figurc shift,
letter shift

- respectively have herc been given the roprescntationsé%, @ 15 F5 "y Lo
These symbols have been choscn so as to'enabio the upper casc of a
typowriter to be uscd throughout. In manuscript or with other

typowriters we permit the, synonyms % for /, % for %, £ for £. With

6ortain kinds Of toleprint apparatus it may also bc nobossary to

pormit the synonyms 2 for @, 4 for :4 8 for %, 5 for *, @ for £
A B .

Thosc six'combinations will bc known as fstunts'.
NANA ) .
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* The uscaris strbngly rccommended to lcarn thc above tabloue
4 number of aids to computation in the scale of 32 arc givoen on
Figoe &,B,0 &‘,Dgl H Thesc include addition and multiplication tablos,
spcecial tablcs to assist in multiplication by powors of two, powors
of 10 in thec scalc of 32, and ailds to dccimal-tolcprint convorsion.
In principlc it is possiblc to do without thesc aids for the machine
itsclf can do all thc conversion proccesses roguired, In practicec
it frcquently happens that some singlc numbcer is required in the
scalc of 32, and it 1s found lcss troublc to do thce conversion by
- hand than to usc thc machinc,  To convert a deeimal number lcss than
1 %0% scalc of 32 multiply ropcatcdly by 1024 subtracting and
lrccbrding the intcgral part at cach stagc. This can bo done vcry
quickly with a Brunsviga with transfcr, The intcgral parts obtained
- may bc broken up into two tceleprint charactors with the aid of the '

‘tablc on Flge B

.3+ The forms of storagc uscde.

| Thc information storo‘in the Mark II machinc consists of tho

}mgnotic storc and thce cloctronic storc, The information in the

Qmagnotic storc is of considcrablc volume viz, 655360 binary digits:
:?in other words it corrcsponds to papcr on which is writtoen 655360
;fdigits cach of which might bc cither O or 1. But this information

%is not particularly rcadily availablca It is (to maintain thc analogy)

?as if it werc written in a book, In ordcr to find any rcquircd picco

of information it is nccessary to open thc book at the appropriatc
.%Pago. The clcetronic storc has a considcrably smaller capacity viz.

220&80 digits but this information is mich morc rcadily avallablc and

:is to be comparcd rathcr to a numbcr of shects of papcer oxposéd to
;Jtho light on a tablc, so that any particular word or symbol bccomcs
';visiblo ag soon as the oyc focusscs on ite

: The information in thc magnctic storc consists of magnctisod
f{arcas of nickel on thc cylindrical surfacc of a rotating whocl, Bach
_gdigit storcd is roprescntcd by onc magnctiscd arcas Theso 655360

Tiaroas arc arrangcd in 256 tracks of 2560 digits cach. Tho contros
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of thce aroaé forming onc track lic in a planc porpoendicular to tho
axis of thc¢ whecel (and thercforc on a circle). The 256 plancs arc
cquidistant; tho 2560 digit arcas on onc¢ circle arc not howcver
cquidistante Tho information in.onc track is furthor subdivided
into two cqual parts, which may bc dcccribed as the loft bago ahd
the right page if we con%inuo to follow thce similc of tho book,

Tho informationlin the clcetronic storo consiste of 20480
digits storcd in 16 'tubcs' of 1280 digits cache A tubo thus
contains thc¢ samc am;unt of informatlon as a half-track or pagu of
magnctic storc, It may also bc described as an 'clectronic pagc',
Its gcomectrical arrangcment is however vofy diffcront,. A tubc of
information is divided into 6L ‘'lincs' of 20 digits cache. Thesc
digits arc storcd as charges on the innor surfacc of the front of a
cathodc ray tubc, the digits of onc linoc forming a straight horigontal
scgment.s  Another linc is storcd in tho chtinuation of this scgment,

The othcr lincs arc in parallcl scgments, the wholc forming a |
rcctangular array. (Scc photograph). The linos may be numburod
consccutively fhrough ého 16 tubcs. Thcy could bo numboered

Oy 15 veey 1023, However this numbering is scldom uscds onc
prefers to usc the labelling obtaincd by transforming to tho scalc
of 32 i.c. toO toldprintor code, thus the linos arc known as

[/ Efseees&E0 In thoir goomotrical’arrangomont on thc¢ tubce thoy

arc as boclow G yrelts

o et
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b
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Kach tubc nay naturally bc described as formed of two 'columns',

Thus thc scecond charactor dcscribing a linc gives tho column in which
it is to bo found. It mlwht appcar at first sight as if thoe arabic
labclling of thce lingcs would bc simpler, but this is not S0.. Tho

namcs uscd above for the lincs have to bo uscd in tho 1nstructions




(Fig. E below) , and in every .other automatic connection.
It is therefore desirable that the programner should ﬁse them also.'
Assoclated with each line is a 'line pair' or 'long line!

consisting of that line together with the next line, e¢,g. the lines
R/ and J/ together form a line pair and so do Bii and GH,. The
programmer 1is recmmnended.to use the former in préference to the
1qt§er. (As veot of coursé he is in no position to use either.)

;L; two long lines referred to have the namcs R/ and BH, Thore is
;an exception to th¢ rulc that a line pair always consists of the line
.namod together with the next, A linc pair never consists of prarts
lfrom different tubes,. Vlhon the line named is the last of a tube the
' pair con§1otu of the last of the tube followed by the

S R SR S et b

s 2

(bn account of this and other rceasons onc is

recommended to us¢ oven—-numbered line pairs in prefercence to odd-'
‘numbérod ones, ©Gspeclally wherc consecutive sequencces of lincs are
éinvolved.
{ Although the information on the magnetié.wheel is arranged
igeometrically so differently from that in the clectronic storc it may
'be found convenient to imaginc it as if it werc similarly arrangod.
iThurc is very little to interferc with the illusion. The only
Econvonient method for making the content of a track visible
{('opening the book') is to copy tho track onto a pair of tubos, a
%procoss which effcctively conceals the truc arrangemcnt of thé digits
of thu track, This way of thlnklng permits us to d1v1du up the
magnutlc information also into lincs or linc-pairs, There is
hhowcvor a good dcal of ambiguity about thc naming of thesc lincs, for
fa bage of magnetic information could be copicd onto any onc of the
',16 clectronic tubes., We make no attempt to rcmove this ambiguity
iand acéopt that therc arc 16 alternati#c hames for a linc stored on
w;thc wheel, e.ge the same linc could be known as track 1l (left) i/
:ior as track 14 (left) IT. There is however a prusumption that if it

‘is kmowvn by the latter name then in its principle application,track

R
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44 (left) will bo copied onto tube é}_

On each tube there is an additional 'identification' 1lino,
sometimes known as the 'sixty-fifth line', This linc does not
share in the normal activities of storc¢ lincs, Its properties arg
describod on p.RQL  There is also such a 'sixty-fifth linc' in each
half magnectic track, Its propertiocs arc described on pagcf

L, Description of the reduccd machinc,

Yle shall describe thce machinc by first oxplaining the bohaviour
of another machine obtained by omitting from the Mark II machine
a nunber of its parts and facilitics. This machine will be called
the 'reduced machinc's The full Mérk II machine can then be
' described in terms of a numbcr of modifications of the reduced machinc,
’Programmes made up for the recduced machine can actually be run on the
- full machine, For thce benefit of thosc who know the structurc of the
wholc machinc we may say that the reduced machine is obtained by
omitting the wheecl, the B tube and the multipliér, the input.and
- output, and using only a forty digit accumulator and a selection of .
?functions. |
o The state of.the reduced machine at any moment may be
described by . ‘
: i) The content of tho clectronic store, i.c. for each of the
:102h lihos //sace B8 its content as’20 binary digits or four tcleprint
-+ characters.. (The'sixty-fifth lincs’ afe not included.)
ii) The content of the accumulator, This is eight teleprint
vzcharaotcrs. ‘
iii) The content of the control, or instruction number (I.N.)e

I
- This is two tcleprint charactors .

The control tube also holds the ‘present instruction': (P.I.) also
:known as the 'actual instruction', but thb bchaviour of the machine
can be morec casily explainéd if we do not asuumc thattthis Lforms part
of the 'state's  Also the I.N. linc can be scen to contain four

characters, but two are irrelevant.




Jc¢ arc not howevor interested in the state of the machince at ovory
moment from a programming point of view. o shall be content to
know its statc at isolated moments such that we can ruasonably say
that the machine has carricd out one ‘'step' betwocn two consceutive
guch moments, Fortunately the construction of the¢ machin¢ admits of
our choosing such moments satisfgctorily. They aro the moments ‘
ghere the so called 'prepulses' or 'complction signals' occur. Tho
gtate of the machinc.at oge prepulsc is completely doetormincd by its
gtatc at tho provious‘onéﬁ. There is thus a function éf;such that
ﬁf é: 211,..., stwo.o are the consccutive states of the machino
(at prepulses) thon 37 ¢ Cb(hl )tor vach r. It romains to
jeseribe the function EE o It is usual to dcccribe it in terms of
'?obeying an instructioﬁz. The original state 7 of tho machine
ctermines an instruction I( =), and this instruction guts ‘obcyed!,
;:}.o. the finalkstato (j?ﬁi?or i:/is dotermined by I( > ) and 2.
fhis ié simply a way of saying that @;(Ef)can bc writtcn in thé form
' \L“(t‘ (2)) '2'_“3 . We may describc “g;;‘ { f, 5) as 'the rcsubt of obeying
'EZQ instruction I when the machine is in the state 3 '.  The step’
:;rom writing (1 to writing ﬂy‘( t(Zﬁ) z_) is not by itself a VGPJ
Jelpful onec, for any functlon (t> could bo cxpressed in this form
-(o ge Oven if '(E) always had the same value for every 2 ). DBut
ihcre arc restrictions on the form of’\y‘whlch do make this step
fiolpful. The instruction consists of two parts, the linc name and
‘:he function symbol. The restriction qn'\%’may now bce stated as
follons. “J;(EZTZ\ does not diffcr fromlfl_in any part of the
'wﬂloctronlc storec exccpt in thc 11ng-pa2%215'1. Further, this is the
pnly part of thc store whosc content is relevant to any changes which

jﬁo take placc,

g v
' This description is slightly inaccuratc owing to the fact that the

.ﬁboying of ccrtain instructions lasts until aftcr the next prepulsc,
3ut this makes no practical differcnce for the programmer, and whon

nanual prcpulscs are used (p. 361) the effcct does not occur.




N

Ly .

The function (\j!“{' ":_) must be deserived by pgiving ity forma for tho
various Dunction bﬁMuDlu case by CauU, . T lnquULLiDn I( ) ie
also known as the ‘contunt of thu P,I. linc', I( 2 ) is obtainud
as followss  Add 1 o the contunt of control (I.N,). 'his gives
the name of the line whose content iw I( 3 ). Tho linqumir namu
is contuiﬁud in the Tirst two (tuluprint-=) characturs of I( 2 ), and
the funetion sywbol in ﬁhqﬂlum?ktwo. The funetlion symbol consists.
of' on¢ of thc¢ charactoers /hgf'f]follmwud by a sucond charactur,
Phis pormits us 64 Tunction symbols but (in the roduccd machinu)
chall assume that only thoe nince listoed belo ever oeccur, In thu
cquations which v givu:u represents the contont of the nanwed lino
interproted as an intogoer (or noru whtrictly as a reaiduc modulo 2“0),
likevise A roeproescnts the content of the accuwaulator, and C thét of
the I,N, linc. This last is reckoncd modulo 2710, Dashed lutturs
refor to the contents of these alter thoe Instruction has buun oboyed.
The cquations S'el, aA' = A, C' = C+¢1 arc to be undurstood whoruver
', A', C' arc respectively not mentioncd in tho vquations,

V¢ shall froguently use the vord'lind for linc=puir in cascs
whore 1t is ovident that a long line is meant. We shall use 'short

linc' when wo wish to cmphasise that a long linu is not moant.

IMunctilon symbol, Lquations,

/1 o' = 041 (mod20) ip 205 42039 ¢ =Lw
¢! = 8 (mod 21O) Dthurf¢uu # {1y

/P c! = 8 I e e T fowre

I‘/ h‘ = 3 "o afe -,-‘-'--‘“—m‘ HEw I

i B I (L

Tl . Al = 48 D e e

TN Al = A=Y Faz i s

Tl‘p J.g' = = R ‘J., oty & H

il = 24 Tl hotes s HER)

e (nDkJXMGt)

5. Lxamples of programmos on the roeducod machine,

. 1) ag a first cxample woe will take tho case of a programmc
ior the calculation of a product by rupcatud additione The nunburs
b0 by multiplivd arc held in lines /0 and @G and tho product
eventually appears in :C, The  line /C gots altored in 1,.hu Procoss,

The instruetions to cffuet this multiplication arc in tube 0, au
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shiewn boelow, Lincu DU w#?ZZd aluo have ooveilol contonby o wlioan,

ulalbiad? /7 /VGI I€ 1o coduned thet wo hove
!?_.//“ thic fnliuwin” Lixud contunte
VARV
v A DB 200
I; zul‘/t .HIJ m dd M'J
A e i :Hﬁh?ﬁ??%
1? 1 LJ/

L/ ./\.

R’y

The nunes o' the lincs have been gshovm on the Luft. af
tieir contoentbs,

In order that a routine may we of some usce it ig neceszary
chat a statoient of what 1t will do should be writton down in an
tnambiguous form. IPor tho above routine thls might read

BULREP,  The routince iy unturcd at // and left at i/, Tha
cifuots arc deseribod by ﬁhu uupatimnwgcl' = [/G][@E} + [}Q].
lere NULREP is Just a code name For the routinc. Thoe above
deueription of the propertics of WULRUP arc to bo understood to mean
"ouppose that at soac momont the machine eontains thoe instructions
or' WULRLP (1s0s linos // to I/ as above also D3, .JF) and that control
contalns &£5. The contents of long linus at this momount will bo
dvseribed by writing their nawcs in square bracket, Then thu
achino will aftomrards oventually contain ¢/ in control, Vg duenotu
the conuvents of lincs at tho firgt such momoent by thoelr nanwus in
Gouaroe wrackoets with dashus, T coquablon -EQ]' = L/d1;@CW + [:G] then
holds, -and also Lﬁj ‘= [mi} unlcss VY is :G, /C, or onc of the lincs
Gid, MK, VK or on papce 0O or 1,"

Wo lnay make a numbor of romarks about this statement and tho
routing,

(a) The contonts of control which arc mentioncd arc loss by 1 than
Wiv valucy given for thu entry and cxit points of the routine. The
dwidson for this should become clear to the reader 1 he rofurs to tho
lwithod of obtaining I from C, The first step was to add 1 to the

content off control.
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(b) We usc¢ the 'dash notation' as wc¢ did with singlo instructions,
In c¢ithoer casc undashod cxpressions desgfibe the state boforc the
opcration, dashcd expressions valucs aftor,

(¢) The squation Golt = E?Q?[@C] + (:CJshould recad rather
[:6' = )7cl{ec] + [:0] (moa 24°).

(a) In squarcs where tho charactur is irrclovant we loave blanks.

(¢) We have in this casc arrangoed that aftcr tho operétion is
over the machinc gocs into a 'loop' in which its statcs arc rcpeatued.
This is callcd a 'loop stop'.

(f) The conditions conccrning GK, MK, VK and.pagcs 0, 1 arc
rcgular conyuntions. - Nonc¢ of thesc arc actually altcred in fhis

casc, but it is convoniont to bc able to altcr pages 0, 1 (which

© contain thc instructions in normal casus) and thc othor threc lincs,

. without boing obligecd to mention the fact in the official rcport on

K thc routinc,

¢ somctimes also usc thoe notation L»{]S t0 mcan thc content

 of the short linc ¥ ,

It is of coursc important that somu ¢fforts bc made to vorify

. ' the correctness of the asscrtions that arc madc about a routinc,
?Thoro arc c¢sscntilally two typos of method availablc, the theorctical

i and the oxperimental. In the cxtremc form of the theoretical method

f a watcrtight mathcmatical proof is providcd for thc asscertion. In

;tho oxtfemo form of tho cxpcrimontal method the routinc is tricd out
Eioﬁ the machine with a varicty of initial conditions and is pronounccd
int if thc asscrtions hold in cach casc.  Both mothods have their
éwoaknosses. This whole¢ question is taken up in groator detail on
;Pp. 31,9 . TFor the prosent lot us just mention onc form of
évorificaticn which is dcscribed as 'check sheéts'. It is quitc casy

- to follow out in dotail, on paﬁer, the bchaviour of thc machine for a

- fow stups, or cven a few hundrcd stceps. If it werc ncecessary to

-

... rcecord the camplete statc of the machinc aftcr cach instruction

:has becn obcyed it would be a hcavy undertaking. However it is gquite

sufficicnt to rccord thu content of the accumulator and control, with-

" the last instruction obeycd and any alt.rations that may be made in
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any lines of the store, This has been done on an aocﬁmpanying
sheet for the routine‘MULRBP, taking the casce of a multipliocand 27
and & multiplicr 2, It is neccssary to take a very small
multiplier if the process is to come to an end in a rceasonablc time.
It will of course be rccogniscd that the procoss in question is not
a practically suitable once for multiplication, and is only given as

an cexamplc,
CHECK SHEETS

MULREP @ C "// /
¢ C

// /CT%’ @/////
E/ DST E
e/ D//H L// .
ALY b/ | /B
7 ecrT / o i
U :' 1 . 1]
:t/ ds /P "/ | ‘)
[/ [CT [/ // | | ,
TR
s; /845 "/// R /- C L | ~ |
1/ @CTTI  PE / | |
u/ :C/8 PE/ // s G PE////// ]
t/ OS /B P / | |
// /CT{’ / / : |
£E/ DST LLLL8RRs
.}?’(/ g;%g £ELLREEE
A/ R/ /P

In the making of check sheets and such mattcers detail of
brocedure is of great importanée. The work should be¢ done on . papar
With quartcr inch quéres on which vcrtical lincs arc ruled in ink -
or printed. (However if forms arc printed they should be such as
suit thc full machine,) All othcr writing should be in peneil,

Zach linc rcfoers to onc statce of tho machinoce In thu first column

is found the instruction numbcr, and in thc sccond the corrcesponding

instruction. In thc third is the contunt of the accumulator. In

't th¢ fourth the linc nemed in the instruction is rcepcatcd if that

instruction rcsults in thc changc of that linc, and in thc fifth is
the now content of that (long) linc, Thesc do not of coursc
Geseribc the statc of the machinc complotely, but if onc wishcs to
know the contcent of any othcr liné onc may glancc up thc fourth

colunn until onc finds thc namo of tho line in gquustion. If tho
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rccommendation to usc only such long linos asfhavo oveon numbors has
been respected this‘glanco will bce sufficliocent,. If howover tho
prccommondation has boon ignorcd it will be nccossary to tako nbto
- also of tho occurrcncc of the two lincs whosc numbors diffcr by ono
from that of the linc in quostion. In thce content of control; tho
instruction and thc namc of the' altorod linc onc complotce guartor
inch squarc is allowod for cach tcloprint character, For tho

- contents of the accumulator and the storc lincs howovor two tcloprint
- charactcrs should be writton in cach squarcs This doos not causc

. ¢xecussive crowding, dnd this cconomy of spacc bécdmus important with
- the full machinc, Thc convention in cheock shocts about the contont
" of control nocds somo cxplanation. If cach linc is rogardod as
f‘ corrcsponding to a propulsc thu contcnts of the accumulator and of

'~ the storc lincs agrcc, and the instruction coiumn gives the

~ corrcsponding contont for the PeIe linc¢ of the contrﬁl tubac, The
first column howecver is not tho éontcnt of control but the namo of
the linc from which thc instruction was takcn. This will ho a
distinction without a difforcncc in the majority of cascs. Tho truc
? valuc of C-for cach line is to bc obtaincd by adding 1 to tho valuoc
Q in tho first colum of tho immodiatcly pruvidus lino of tho chock

% shcots, |
. Certain abbreviations may bc permitted to reduce tho amount

| of writing iﬁ#olvod; WThon the content of the accumulator is

: unaltered it is sufficiont to lcave tho chtry in the accumulator

B column blank, Whon this contoent consitts of thc samd charactor

- ropeated cight timos ono mﬁy writc the charactcr onco and 1argq{

N "hen the content of control is incrcasing stcadily by 1 onc may
ve leave it‘biank. | | '

It will bc noticed that blocks of consccutive lincs may bo_
copicd dircet fram thc routinc to thb check shcots, )
AS a sccond cxample we give thc routinc SUMPGA.  All

~ Abbroviations arc applicd in its check shocts, The routinc also

hos boen set ouwt in tho standard manncr.,  The first charactor of
+ k . ‘\




{the lino numd is given in 2 narrow colun bobwoon thoe two cciLumng
reprosonting the storc, and tho aceond charastor. which o conmmen
to 1li the linces of tnu“éolumn, io givon at tho side o e celurn
ab its huade The mannor of onturing und Louving tho fcutinu ans
houn saticlactorily doscribed in tho 'oivicisl account' given with
the routino, he mannors chégun arc quite wpbropeiabte for tho
roduced muchine but not Lor the full machinue  Tho mdthuda ugod
with the full machine arc doseribhod on e 4.

AKCTelinG, w  Provide o eouiding, with chuek shuuts and
orwieial account, For Lhe purpose of putting o nuwbor into ‘standard
Tom'y, by muliiplying it a pover ot 2. A numbor X is in

b.r
stendard rorm it 299 x 20,

\/ N
; '\\. '
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Entcr at // Leave at R/

VC'\! = VG} + Z’ L/1 + 2r:l (mod o )

Mcethod. Notc, Vhen about to obey
VET/ with 2n in ME w¢ have

/G} /C] + ‘J' T+ Zr].

m+
It is assumcd that
Ips] = esssecss

QN ENN

7
77
TI
./ S
_SUMPGA Chcececk sheete.
3\ |
| /|7
/XT1/C/S
VDTI/ C/ S '
/, :/'WEVWG
//////8/ o
/ C /118
/) WE |u/s// )/
/511/C/S
I\TDTI/O/S

. / |MpTI/C/S
T

/C /s
N E \GE//////

/ C | &88888h/
Veeessss | M E | VELRLLES
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SUMPGA

5: o 4
VD T
- \ / C //
-/ / Vi TN/ /511/C/S
I:fi ? 3 R VSTI/C/S ./
2y
: D
| DS/ H W
-/ / VET/ _  4p
, METI Qx?‘
:/ /8 .
/CcT/
/ MDTI
/ /C/ 8
MET/
GETN
: D /
/7
R/ DS /H

6. The multiplicr _and doublc length accumulator. -

Wc shall now begin to doscribe the various rospocts in which
; the full machinc differs from the roduccd machinc,  Most of thoso
diff;roncos arc cssentially indcpondont. Onc may satiéfacﬁorily
;Aloarn tho offeet of oach difforchcc as 1f addcd to thc reducod machinc
" in tho abscncoe of the othors, and having lcarnt thosce offccts will
Y in a position to manage thc wholo machino.
Wo‘ﬁcgin by considoring thc cffceet of adding a multiplicr to
‘ the machinc,. If wo rcgard a standérd numbcr as consisting of forty
i binary digits thon tho produét of two such numbors will occupy
vighty digits, For this rcason it is nccessary to have an cighty
dizit accumulator, This decision in itsclf rcquircs us to adopt a
- =orv gsophisticated attitudc to our numboré and ouf réws of digits.
In the reduced machinc it was almost possiblc to rogard thc long

lincs as ropresenting intcgers; but it was ncccssary to admit that
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khcy Wworo roélly to be rcckonod modulo 2“0. Long linas with a
31' in thc most significant place couid bo regarded as rceprcescnting
hcgativo numbcrs, proviéed that it is accoptced that positive
nunbcrs grcator than 239~1 cannot bo roproscntoed, With thc doublc
iongth accumulator similar considoretions apply with grcatcr
complexitye  Numbers held in tho storo.must be rockoncd modulo 240
;us bcforc, but numbers in tho accumulator must bc rockoncd
%modulo 280.
‘ In ordcr to bc ablc to CXPross thesc mattcrs clearly it is
noco sary to have notations which draw tho csscntial distlnctlons,
;though theose distinctions may appcar podantic, and though in a
rnajority of applications the notation is not ncocdcd in all its
%dotail. Wc distinguiéh thorcfore betwocn 'rows of digits' and
;ummors. I do not think that cithor of thosc cxprossions ncods
ﬁuch claboration. By numbcrs I shall moan roal numbcrs. The -
Fonﬁonﬂ of any part of thc machinc will bc a fow of digits or an
’ hsscmbly of such rows, and not a numbcr (with thoc oxccption of the
: hmltiplicand). Additions and multiplications arc howover poerformed
'bn numbcrs and not on rows of digits. chovor in ordcr that the
procosscs of the mgehinc may be described in tcrms of thesc operations
it is nccessary to bc ablc to rclato rows of digits to numbors, and
vico-voroa.

It would bo suff1c1ent in thcory to bc ablc to connccet ono
humbor with cach row, in such a way that all rows got difforont

?ummdrs. In practicc four possiblc conventions prescnt thomsclves

'?mrticularly forcibly. We assumc that our row of digits is of
length R and that the rth digit is &g
' R-1
~ Thc plus—convention., The associatod number is 3 En 2
. , . =0
R-1 »
The plus-or-minus conv»ntlon. The number is 5. £, = 23?493
. r=0 - '
RR—1
The fractlonal plus-convontion. Tho numbor is &5 £, Qr
=0
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The fractional plus-or-minus convention, The number is

| R~-1 r

~-R

2 52053' - 23_1235
e shall use all of these conventions, both in connection with the
store lines, and with the accumulator. To convert a row into a
number according to one of these conventions one writes respectively
+» X, £+, or £ as a suffix after the content of the row.

As regards the converse process, that of defining rows of

digits in terms of numbers it will suffice to be able to take any

sequence of consecutive digits from the binary expansion of a number.

Accordingly we say that for any real number ® , and intcgers m, n E
for which n 7 m, {OLB:» is the row of digits forming the coefficients
ol the m th to f,he nf;h powers of 2 in thc binary expansion ;of ~, Iff
possible this expansion is to be terminating. t

A number of statcmonts are madc below in illustration of

these conventions, »
1Y/ / G, =13 x 2" , | 7 i
// G, ==3x2"

/ / Gg, = 13/16

it

1i) K{‘x }-i ) o i £ 27t provided 0 < <1
E)e
J"LO + /

1i1)

(AR I N IR N PR

A further convention which may be used in this connection is the use »
of' the symbol @ « This is somewhat analogous to the use of 0,0 ‘
in analysis., 6ne uscs O(f(x)) to mcan 'somc function (f?(x) such

that thore oxists a positive K satisfying‘(:;)(x)} { X J‘?(X) for all
“ufficiently large x'., There is also an understanding thef the
Tunctions (# and constants K may be diffcerent at overy appearance of (J
Y« Tho usc of () is similar, A’@(ut) means simply ‘'some quantity

X satisfying |x]) ¢ ® ' and again may be different on evory
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ppcarancc,  Thud for instancc from (1) = »}é‘ A1) on.ecanrmt

conclude (£)(1) = O for thc two appoarancces. of ,G§>(1) might have
the valuos % and 3. Using this convention ii) above could be '
writton

- o ’
(oﬁ_\g . =N A+ @(2"20) provided 0 Lok {1,
-2 +

In terms of these conventions wo may cxplain the proportids
of the multiplicr as follows. - To describe thc state of the Mark II
nachince we¢ give the statces of the storcs and control as in the roduced
machinc, but thc accumulator is an oighty digit onc. W¢ also havo
L0 doscribce tho'statu of thc 'multiplicand‘.‘ This is considcrod
to bc an intcger which may tako any valuc from —239 to 239 -1, In -\
this rcspcct thoe multiﬁlicand is oxcoptional., Tho contonts of all
other parts of the machinc arc considcrcd as rows of digits;

Having oxplaincd this a numbcr of furthor function symbols should
boccomc intelligible, VlZ.‘thObb markcd m in the 1list bcelows | F\-g E)
We may allow cortaln abbroviations as admissiblc, viz,.

(a) Whoro it is cluar that a row of digits is moant, and tho

N
numbcr N of thoso digits is known onc may writc U for {;U) ’ b

o] _ X
wvherc U is an cxprussion rcprescnting a rcal numoor,,o.g. the 4
79
cquation for /F may bc abbroviated from A' =1{A+ + DS }
: o]

A'_=A+ + DS,

(b) When it is covident that a rcal number is moant, and it is
irrclovant whothor a suffic + or * is uscd (or irrclcvant whother £, or
f, is uscd) onc may omit tho suffix (or use £ only) a.g. the oquation
fér /F may hc abbreviated further to A' = A + DS, .

7. Thce logical opcrations.

There arc a number of opcrations which can bc appliod to rows
of digits and which hav¢ no particular rclation to tho.intorprotation of
thosc rows as numbors, “he only oﬁos which wc¢ usc arc what we call - |
tho 'logical oporations', on account of a conncction with tho calculus
of propositions in logic, In ordcr to bring out this conncction onc
should identify 1 with 'truth' and O with 'falsity's  Tho symbol 'v'

myy bc rcad as ‘or', '&' as 'and', '%ﬁ as 'not cquivalcnt to'.
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These symbols saticly the cquations

0OvO0=20 0& 0 =0 0% 0=0 ~0 = 1
0v 1 =1 0& 1 =0 0% 1 =1 ~1 =0
1 v 0 =1 .1 &0=0 1 ¥; 0 =1
1 v =1 1 &1 =1 1% 1=0

Howeover wo shall apply thosc symbols to rows of digits rathcr than
to singlc digits, The valuc for cach digit is thon to be calculatod
by mcans orf thc above table fpgm the corrosponding digits of tho
arguments, Ce Ze

' (01140) v (10010) = (11110)

Tho main applibation of thcsc opcrations occurs whoerc scveral
dirffercont picccs of information arc packed into onc ling, For this
purposc the opoeration 2&' is of thc most usG. It can bc usced for
brcaking a linc up into its various significant parts. Tho opcration
'v! may also bo uscd for combining parts togcthcer, but this can
usually also bc donc with thc ald of addition, - The operation '~ !
can bc obtaincd by using ! #3' in combination with a row of 4's.

Dxamplc of usc of '&!'.

Thc name of a ccrtain linc is containcd in the first two

charactcrs of /% . It is rcquircd to transfor this line to /C.

/=T/ [/ £&// E
I
.//8 & /G/U
U
B
R
J

Example for rcadcor,.

Provide a sogﬁonco of instruotions which will produco a 1lino
consisting of tho first 10 digits ofvE/Q} togothor with tho last. Tinos
of [Cmﬂ . ‘ S | - |

8, Thc B~tubc. .

It will have bceen noticed that a number of the cxamples alrcady

given involvo the formation of an instruction in tho accumulator by



20,

qddition, thc copying of this instructions into the list of
instructions, and thc subscquent obuying of .ite This is a rathor
clumsy proccss, and appears perticularly so when it is dcsircd to add
the samo number to scveral 'skeloton instructions' to obtain actual
instructions, The 'B-tube' is primarily a dcviec to cnablc this to
be donc morc rcadily. It provides for cight diffcront quantitics
which may bc¢ added to ény instruction. Onc such quantity normally
has to bec added to cach instruction, This could bccomc a nuisancc,
put we avoid any such difficulty by adopting thc convention that
normally onc of thesc lincs (callced BO) is to be zcro.
We must therefore cxtond still further thoe quantitios which go

to makc up the statc of the machinc and includo the gight four- w
charactcr lincs of the B-tubce  Thesc arc called BgseeesBye W y
also havc to modify considcrably the doscription of tho manncr in
which thc 'instruction I(L) ncxt to bo obcycd' is to be detcorminod
from thc statc i: of thc machinc, Vg first carry out thu_proccss
deseribcd for the reduccd machinc, viz, add 1 to control and takc the
short linc whosc namc is'tho resulting quantity.. This howcver is not
the instruction itsclf but what we may call the 'prosumptive
instruction', This prcesumptive instruction we will call Je. It is
a row of 20 digitse This presumptivo’instruction is to bc dividcad
into four parts

addrcess part, digits 0-9

B~linc¢ part, digits 10, 11, 12

Spéro digit, & 13

Funcfion numbcr part, digits 14-19

Wc must next look at the function numbor part of the prosumptivo

instruction and decidd whether it is 'B-normal’ or 'B-oxcoptional'.
Thc B cxccptional cascs arc thosc whoroAdigits ﬁu, 18, 19 afo a11'1;
i.0., whorc the third charactcer is onc of T, Zse.ss£ and tho fourth.
onc of O, B,...}£. The no%f.stop is to form thc 'actﬁél instruction'.
In the B oxcoptional‘cdsos this is idontical with thc presumptive

instruction, but in tho B-normal cascs it is obtaincd by adding tho
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content of onc of the B lines to tho presumptive instruction. Tho
nunbcr of the B-lind concornod is givon in thce B~lino part of tho
presumptive instruction,

It will boc scon on looking at the list of cquations that
quantitics B, B' appcar in ccrtain of them, Thesc arc the (beforc
and aftcr) contcnits of thce B linc whosc numboer is given in the B linc
par£ of thc actual instruction, Likowisc, $5,8" arc the storc lincs
whosc eddrcsscs arc to bc found in the actual instruction and the
cquations applicd arc to bc dctermincd according to the function
numbcr part of the actual instruction,

In addition to thc B~lincs there is yet another quantity to be
included in thc statc of thc machinc, This is the one-digit row Q,
known as thc 'B sign flip flop'. =~ Its propcrtices arc cntircly covered ;
by thu cquations. It'is‘particularly uscful in counting pﬁocdsaos.

Thce B-tubc may be considercd as having esscentially threc A
funétions; Tho primary purposc is tho modification of prosumptive
instructions to give actual instructibns. This was the only purposc
in the Mark I machine, = Since counting opcrations oftcn go hand in
hand with altoring the B additives, the Q facility was added, and also .
the facility for subtracting (TL and TG) from the B linos as woll as
sotting thom (TT and TO0)s» By adding thc functions TZ and TB it was
madc possible to usc the B tubc as a 'shunting station' for 20 digit
lincs, The complcxitios of thc cxceptional instructions wore made
nccessary by the fact that when onc is sotting a B linc onc docs not
usually wish thc instruction involved to bo‘modifiod by what is alrcady 
in the B linc in qucstion, Hewover whon using the B linc as a
shunting station, particu%arly when transfcrring from a B linec to'
an 'indctcrminatc! stition it is nccossary that thc instruction
involvcd should bring two diffcrcnt B-~-linocs into actioh, onc containing
information as to the desbination of tho content of thc others
These cascs can be covorcd by the !'B-normal! variants‘éf, 7%, TL or
the morc froguently uscd TO, TB, TG (scc Do Gl )

| As an cxample of thce usc of the B-tubo we have again programmcd

the proccss of adding up the linces in page 30 we shall makc a number
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of rumarks about thig routinc.

a) It will be scen that the usc of the B tubu for thu modification
of instruﬂtiong fits very Well Wwith ito uSu'counting rupetitions of
an oporation. Thu two arc bombincd in this routinc, |

b) On thc choek shuots we put both the presumptive instruction
and the instruction propcr in onc lino in the sccond colwan when they
giffcr. Thcere arc the altoernatives of using two lincs, and of having
an extro column, The usc of an citra linc is not very practical au
on¢ is liablc to copy a long scquencce of -instructions onto'chock
sheots without noticing that somce arc only presumptive. If only onc
linc is uscd this can be rectificd with an india-rubber, Thu c¢xtra
column would not bc sufficicntly ofton uscd to juBtify it.

'c) It is not nccossary to éopy the partial sums out into tho
storc, as thu wholc procoss of altcring the B tubo anq tecsting is
donc without intcrifcring with the accumulator. |

d) When a test doponding on the B tube occurs (i.u. a function
with symbol /T or /0) thc valuu of Q can bu obtained by glancing up
the fourth column to find thc last occurrcncc of a B-linc, and
taking thc last digit therc spocifiud as ncy content for Q.

C) AS a spacc ceconomy nicasurc onv can ofton combinc an 'addArcssloss
instruction' (i.c¢, onc of the instructions //, /L, /1, /G, /V, T:, T&
for which thc storc linc is irrclevant) with a 'control transfcr number',
i,¢e the TLirst ten digits of a storc linc rcfoerrced to in a 'control
transfor instruction'.(/H, /Py /Q /O,dgr1}M). 'This occurs for
instancc in the casc of the short linc /@ which contains E@T: . Tho
wholc linc rcproescnts an instruction clcaring the accumulator, The

appcarancc oft@/ at the beginning of the instruction rather than c.ge

// or :: is only rc¢levent to the linc as an instructioh in that lino

t@/ bccomes brightencd momentarily during the obéying'of this

instruction.
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9, Miscellancous special functions.

1) Dumay stops. | It is poséible by setting certain switches
to arrange that the machine 'stops' when ccrtain instructions are
rcached. This is effected by arranging that these instfuctions have
no completion signals. The instructions in question arce /L and /Ge
fach of these can be‘independently.made cither a 'timc wasting
instruction' or a stopi

Dumnmy stops arce very uscful in tesﬁing_routines. The
programmer is rcecommended to insert them‘at points whore major
operations may be considercd completa,

2) The hooter. ‘hen an instruction with function symbol /V is

obcycd an impuiso is applicd to the diaphragm of a loudspeaker, By
doing this repcatcdly and rythmically a sfuady note, rich in harmonics, ?
can be produced, This is used to cnable the operator to be called to
attend to thc machine in some way.  Tho simplest_case is wherce the

wholc of a job is completed and it is required to clear the clectronic
stores and start somothing diffefentg all that is then required is

to rcpceat a cycle o? instructions including a hoot, Cege

FS  N3/V : /
cs  Fs5/P 4

In thisbcaso every sccond instruction will put a pulse into the
spcakers  These pulsos will occur at intcervals of 8 beats 1.0e
1492 ms giving a frequency of 521 cyclos (about middle C). Or onc

could usc the loop of thrce instructions

oe /v
Bo. @V
Ga  Ba/p

whiéh gives a slightly. loudcr hoot a fifth lower in frcquency, Singloe
pulscs éppliod to the loudspcaker arc distinctly audible as something
betwecen a tap, a click, and a thump, This fact can be turncd to

good account, By putting hoot instructiqns into programmocs at ' :
suitable points onc is cnabled to '‘listen in' to the progress of the ’
routinc, oonec indication of what 1s going on is given by the rhythm

0f the clicks that arc hecard.
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3) Thc hand switchcs. Onc can sct up a row of twenty digits on

twonty switches. This row 'H' can affect the bchaviour of the machine
through instructions with function symbol // or /Z. Thc former of
thesc will be disoussed under magnoetic transfors, The lattcr is

used for putting small picces of information into the maching by

hande Supposce for eiample that we have a routine for calculating |
gomic function of a four character line, and supposc that the
calculation takes fivce minutcs. It would then be rcasonablc to put
the arguments in through thc switches. This would be particularly
so if the argumonts-used dcpend partly on the judgment of tho
cxperimenter and partly on the values’recently obtained, Ce.ge if

onc werc trying to find a zero off thce function, but one was not
wishing to repeat thc process often cnough to mechanise it fully.
Again if one were playing chess against the machine this would boe the.
natural way of registuring one's oun moves. (Sce also ‘the formal

mode' DPDe 55-58) e
- l4) The position of thc most significant digit., In the

calculation of logarithms, reciprocals and square roots it is
desirablc to be able to 'standardisc' numbcrs i.o. to ox :pross them
in the form 2% o where £¢o < 1. This is made possiblo at high
speed by tho usc of instructions with function symbol /@ , '

5) The random numbers generators In the Mark II machine

the principlc that the state of the machinc¢ at onec complotion

éignal dotormines tho statc at the noxt is abandonod if instructions
with function symbol A7 arc uscd. The bohaviour of tho machinoc is
thon to bc described as a tstochastic! -« now (Lece chanco-controlled)
process and is suitable for calculations conccrned with stochastic

\’ . .
proccsscs, The instruction A7 actually puts randam digits 1nto tho
. e £ wae 2erdd o b

1

twenty loast significant digits of thc accumulatore Sor
Tne following problecm is suitablo for thc usc of this

facility. |
' A man in Now York starts walking from a strcot intcrscction,

and at oach strcet interscction docides in which direction to walk

i
¢

H

[
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by twicc tossing a coin (cach of the four dimgctions is chosen
cqually often). It is requircd to find the probability that before
valking twenty blocks he wili have succceded in returning to his
starting point,. For this purposc New York is to bu assumed to be

an infinitc rcctangular latticc of strects and avenues.,

6) The. clocke Tho quantity Z is a twonty digit line which is
intonded to indicate the timc.  If u1 and Z2 arc the contents of 7
at two times t1 and t 09 measurcd inh scoonds, thon - {

(r)(mstzo) [ [ (2 -2, YL | < S

This is a way-of saying that thb first Llftcun digits of 7 measure K

the time, the unit being five socondé, fo an aocuracy‘of 5l but -
that'whon.tho.mdst significant digit is 1 thc valuo given canmot
bo réliodkon. This only occurs for pcriods of less than a quarter
sccond at intorvals of five seconds.
7) The sixty=-fifth lincs, Vo mentioned on p.7 that an coxtra
bpdentification linc was added to cach magnctic page and that thore
is a corrcsponding linc on cach tubc. The only  significant c¢ffocts
of thosc lincs arc |
- (a) They may‘bc secn on the monitor tube with the other iines;
(b) they arc bopiod from magnetic to elcctronic storc in -
reading transfcrs and checkgd}in rcad~likc checking operations
(scc pe XAZB )5 ;
(e¢) they can be copicd into the accumulator by instructions
TQe This is an irrogular function, not conforming to thé normal
rulcs, It is intcnded that it be uscd with addresses whose first
oix digits arc all O, i.c. which arc namcs of lincs cach of ﬁhiéh is
the first of samo pagc. Undcr thbSb circumutanCQS the effect of the
instruction can bc written A' {GL;E where W is the contcnt of’
the ulxty-fiftn linc of the pagce in question, With othor addresscs

thc samc equation holds, but X must thon be interprceted as the
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content of the short linc preceding the linc reforrcd to in tho
2ddrcss. For cxamplc the cffoct of FET@ 1s A' = {[ﬁﬁ]+}’79 .

It msy bo observed that this is tho only function connoctigg a short
1inc with thc accumulator.

But scc also P.58.

The time occupicd by various oporations. Tho‘machino is
synchronisced by an oscillator with a froequency of 100 ko/Se Onc
cycle (occupying 10/us) of this oscillator may bc called a 'digit
wporiod'. Thosc digit periods determinc the most fundamental rhythm
of the machine, but thhrc is another almost cqually important rhythm,
in which time is dividod intd '‘boats'! of 24 digit poriods. Four' of
these poriods form what iswcalled'thO"blackout poeriod! of thae boat,
The rcmalning twenty are used for opcrations on twenty digit rows,
cach digit boing{deélt with in one digit ﬁeriod. The 'propulscs'’
or ‘completion signals\occur in thc blackout periods, and arc
scparated by ;ntogral nuﬁbers of bcats, i.0, by multiples of 2u01p5.
is has beon mcntioned (p. 8) somc instructions overlap their '
succcssors, but for programming purposcs onc may takc it that thc
timo consunecd in an instruction is‘that which dividos the prepulsec
initiating it with tﬁat initiéting its Succcssore The numbcers of
bcats for cach instruct;on arc shown on Pe Ee Tho times for the
magnetic instructions arc mentioncd under the heading of tho magncetic i

whecl,

~

10,Thc magnetic wheel, The organisation of the magﬂetio storage into
tracks and pages has already beon dQscribed. To rccapitulate, thoro
are 256 tracks cach consisting of a lcft hand page and a right hand
PagC, Tach pago consists of 1280 digits which although actually
arranged on a circle may bc more conveniently thought of as arrangcd
in a similar manner to the 1280 digits of a tubce

| In ordcr to be ablc to make use of tho information‘storod in
the whoel, arrangoments are made to cnablc one ﬁo transfcr cither a é
complete trackful or a complcte page from the magnetic to the §

olectronic storo. The process by which this is done is described
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as & 'rceading tranéfcr'. Likcwisc in ordor to storc information
previously held in tho oloctronic storc arrﬁngumonts are madc for
transfers in the oppositc dircetion, from the ¢lcetronic storc to a
tracke Thesc afo called 'writing transfers', In addition therc
aru.’check transfcrs! by mcans of which the content of a part of the
magnetic store is compared With a part of thu olectronic storc,
These transfors‘cannot Do éarriud out by instruétioﬁs
satisfying the csscntial conventions of the 'reduced machine', for it
is no longer truc that in such an operation at most onc linc of the
clecetronic storc is altored, Instcad of rcferring to such a line
it is neccssary‘to spccify\tho track conccrned and also tha tube or
tubcs. For thesc reasons the magnetic transfurs arc controlled on
a differcnt principlc fram the breviously doscribed operations,
The transfcr is described by a spceial 'magnetic' instruction, which
is not an instrﬁction as proviously undorstood. When a magnétic
transfer occurs an drdinary instruction is also rogquircd. Howover
this instruction mcercly specifics that - a magnotio_traqsfor is to bec
madc and statcs where the magnctic instruction describing the
details of that transfer is to be found. Supposc for examplce that
e cncountor the instruection Vi/:. Referring to the list of
mecanings of thce function symibols we sce that /: means 'S as magnotic
instruction', Hence VE/: means 'The content of linc VE is to bo
obeyed as a magnotic instruction's Now supposc furthor that in tho
linc VE there is F/EC. - Now F/EC intorpreoted as a magnetic
ingtruction (as described in detail bolow) says ’Transfor thg left
half of track 13 to clectronic page 7'. This will thercfore bo wﬁat

aappens when VE/: is obcycd. The same would happon if (Cege)

ad// or Yi// wcerc oboyed when F/EC was sot up on the hand switchcs (H),

VW¢ havc still to describe the detailed coding of the magnetic
transfors, It is thought to be unnccessary to make arrangecments to
transfer the two halves of a track to any two tubes, Instoad tho
tubes are partncrcd, cach odd numboercd tube having the nbxt lower
(cven numbered) tube as its partncr. The two halves of a track,

if both are transferred, can only bc transferrcd to partncred tubcs,.
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This partncring of tubes is samcwhat similar in éffect to the
partncring of pages in tracks, and we may spcak of aﬁ oven numbored
tubc as the left memboer of its partnership and the odd one as the
right mcmber,
Thc magncetic instruction is bost thought of as consisting of
four parts
a) A part describing a track
b) A part describing a tubo
¢) A part which yith the aid of a) and b) describes onc
‘or two magnetic pages and rclates them to an equal
number of tubcss In the case that there are two j
the pages or tubes arc paftncred, ; N
d) A part describing thc manncr of transfor, i.c.vwhether
rcading, writing of checking, ‘ 4 1
¢) 8pocial functions digit o | | ,
¢c), d) and c¢) taken together may be dcscriﬁcd as tho 'function' part
of tho magnetic instruction. Thc coding for d4) may‘bé simply: L

describoed |
| 00 Roading , i

10 .Chocking (rcad~like) ?

01 Writing %,

11 Checking (write=-like) 5

Thesc four must be explained in groater‘detail,

00, Reading simply mcans transferring from the megnetic to the ﬁ
clectronic storc. The 'sixty-fifth line' of any half-track involved |
isﬁﬁfigifiiﬁif as Wi}ah?iwfﬁiigfin body of Six?%jgigfdifﬁzﬁéu tg&_és*{

10. Checking mecans comparing the correspgnding parts of tho sl 4
clectronic and magnetic stores. Thc check may be said‘%o 'fail' | |
if there is ény discrepancy. Whon it fails C' =C + 1 , but C' = C + 31
if it succccds, There is also a ncon‘whiéh changes from bright to |
dark or vice-wersa whenever a chock fails. In the casc under

considoration (rcad=-like checking, 10) the sixty~fifth line is checked

as well as the rcest. It is in this respect that there is a |
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gimilarity with rcadinge.
01, Writing mcans transfoerring fram the clceetronics to tho
magnetics without tranqlurrlnw the sixty=-£ifth lincs,
11 This writc-like ehocking docs not involve tho ulat’*LlLoh auw
VRU& QQQ— 3Ci?thudﬂzm~b Jktcefrf' tﬁk $«4z¢MgLQ
Peler Mcfzc,+;,‘rl«.e2mg(a(~?/(’ga~n

o F‘?& cu1£12 ;és il‘u\sz4,§

The magnctic instructions can of coursc also bec uscd for

opcrations which arc not magncetic transfors at'all. All the, functions |

of this kind have 1 for the 'special functlon ' digit wheroas the
functions alrcady describced have O, = The special functions are
described in the noxt scction under input and output,
Sincc therc arc only 16 tubces and 256 tracks onc only rcquircs

12 digits for a) and b) and 5 for c¢), d) and ¢), i.ce 17 in all,
Thc short line assigned for thc magnctic'instruction has 20 digits,
50 that’there arc 3 sparcs. It is convcenicent to placc thesc sparecs
in such a way that the various diffcront pafts'do not ovegrlap
tolcpfintur charactoers thus

1st and 2nd charactors describe track .

3rd charactor describos function

Lth charactcr for thc namcd tubcs

E Takc for instancc the magnctic instiuction NEIC. Thce combination
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NE determines the track as Nk, i.e. U4l}, the character C determines
the tube as C: +this means the tube whose first line is /C, more
often known as tube 7. The functiqn character € or 014100 is to
be broken into 01 statihg tihat tho‘zggi page (of track.llh) is to
be taken with tho namcd tube (le.es 7) and the ngge pagu (Sf L)
with its partncr (l.¢. 60, 10 meaning check (read), and O gtating
that it is nob a special function;

It is hoped that when the details above have been read through
once or twice the diagram Flge G will then suffice to enable one to

remember them,

11. The input and output mechanisnisS.

Information can be fed into the Mark II machine from teleprint
tapes and out of it oﬁto other teleprint tapes and onto a printer.
The input mechanism provides a further departure from the principles
of ﬁhe 'reduced machine', which was capablé of taking only sa finite‘
number of states, although this number was quite large, and each
state was completely dcotermined by the last one, We now have to ! 3
regard the statc as detepmined by thé last state in combination with Q
the character of the input tape which is momentarily in the reading
heade : :

~

The apparatus provided consists of a tape rcader together
vith | f.é puhch, and a printer, The. tape in the ;Pput only
affccts thoe behaviour of the machine when 'special magnetic function
0' occurs. Thce character on the tape is then suporimposcd (‘or'
combinétion) on the five most significant digits of tho accumulator,
and the tapc moves forward so that the next charactcr is in the
rcading hcad. The latter process takes a certain time, (about 5 ms)
and arrangcments arc thereforu made to ﬁre#ent another rcading
Process from occurring until the next characécr is in position.

Therc is no interférencu with otherlinstructions, and if another such
reading instruction is given prematurcly it is not 'lost', but.
mercly hold up. This process is described somewhat. incompletely below

in the equation A' = A v 275 T , wherc T represents thc content of
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the recading hcad.

In ordor to fécilitatu the changing - of tapcs a switch is
provided which inhibits this spocial function.

The othor special magnetic instructions arc concerned with
output, Of these T is the most couscential, Its cffcet is to
punch the charactcer given in the:-five most significant digits of the
accumulator, This char&éctor will also be printed by the printer
unless 1t is in the figures-shift position or the printer is switchod
off, If it is in the figurcs—-shift position the corrcsponding
figurc is obtaincd. These figurcs arc given in the tablo below

/B@A : SIULDPMP
0123456789 +«,

No guaranteec can bc given concorning what will happen when other
charactcrs are printed on figurc shift. There may be only a smudge.
A mormal tcleprinter rosponds differently to the stunt
charactcers /, @, 1, %, ", £ producing respoctively no offect, linec
fecd,space, carriagc rcturn, figurc shift,létter shift,. The printer
associated with thc machine prints these characters, but arrangemonts'
are also made to do the stunt operatioﬁs.. Thesc arc provided. by
other special magnectic funotions aé shown bclow. No effect is
produced on the punch in these casos,

¥hen any one of the spceial magnetic functions is being obcyed,
any other sﬁebial magnetic function, othur than B, is hold up wntil
the first is complocte. Ordinary instructions, and ordinary magnctic
instructions and thé special function B may be‘obeyod during such a
poriod, |

Tho,épucial magnutic function B, if oboycd within 410 ms of the
special function T supcrimposes tho chafaétor sct up for punching on
digits 35 to 39 of thc accumulator, Its effcet at a latcer timeo

cannot -bc guarantced.
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Time in beats,

|
79 ) 79 \
T P! ={}y;% (and possibly print{A } ) |about 62; 38 if printer
: +
75 s | off.
Z Spacé 1
L Carriage return i
, . . !
W Line feed _ ' ( about 62; '
' 4 if printer off,
H ©Figure shift | |
Y Letter shift ’
75 79
0O A' =& vn{z T;X s Input tape movecs, about 28,
. o |

' 79
B A’:Av{?%q 5
0

i
|
£ No effiect, ;

j L
Writing operations take 258 boats and roading and chocking cach tako
138 boats, - It is important to observc that no provisions for

carriagc roturn arc madc othcr thah_L above, conscquently ovon 1f !

thoerc is no intcntion of ‘'pagc printing' rosults it is still

rcachcd,

The 'or' (v) conncction is particularly suitablo for thesc
procosscs, It is very casy to ppovido tho“apparatus to do it, and
also, iflthc opcration is applicd scoveral timcs thc samc cffcct: ‘ i
occﬁrs as if it worc applicd only onco.i | ‘

Connccted with the printer thorc is aléo'a koyboard With which
ono can 'broak in' to print additional'romarks.‘ '

Tho magnctic coding has now boecn compiotoly described and we !
therofore choosc this point to includo somo cxamplos and oxorcisocs. i

Examplcs of magnotic inStructions.

SSFG . moans Track 165Q’to bc chocked with pagc 13 (1.0.
‘ columns G, ") in a writo-liko mannor i,0. ignoring
Q .
\&:&: : sixty-fifth lincs,
// \ ! . )
@/RS mcans Pages 2, 3 (columns :, S, I, U) to bo writton

(not roversed) on track 2, i.c. columns :, S on
2L; I, U on 2Re
CoWs a

n
both mcan Linc fccd.
LAWN y
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Excrciscs, i) Intorprot ABCD as a magnctic instrﬁotion.
ii) Mako up a magnectic instruction to moan 'road
track 19L onto pagc L', |
Ill) Make a routinc to comparo clcetronic pagos 3 and
L dnd to givc a 100p stop with hoot if thoy diffors

Thc goncral user of the machinc will bo moro conccrnod with tho
propcrtios of thc input and output routinos which arc availabie than
theso actual proportics of tho machinc itsclf, The output routincs
nave not yob boch dosidod on but wo shall describe horo tho
arrangomunts ihﬁohded for tha 1nput routino&

The matorial on tho tapcs usod for 1nput 13 divided into
'mecaningful scquences' and 'intcrmecdiatc rubbisntf  Hadh moanlngful
soquohoo bogins with a spceial charactor callcd = ’Warning,charactor'.
These warning charabtors‘aro choscn from thosc which arc not very
frcquent in Engiish and do not includo / or £, Thec purposo of tho
- formcr rostriction is to cnablc onolto ine¢ludc English words or
sentences in the rubbish, Tho;charactor / must not bec a warning
bcecauso onc wishos}to lcave blank spaccs at the beginning of-tapos,
and to start the tapo at some point in this blank spacc without
particular ocaroc, If £ is not a warning charactor it is possiblc
to remove moaningful scgucnccs by_punching additional holcs in any
warning charactcrs which occur in thams  The charactors which it is i}
at prcscnt intondod should bo warnings arc J, K, Z, Q, ".W)Xﬁ‘f, The
length of tho moaningful saguencc and its'trcatmont.doponds on which
warning charactor is usod.‘ | | | ]

Warnigg charactor Je The 1ongth of thc scqueonce is 11 charactorss

No action is takon unlcss the last charactor has O for its last digite
In thié casc two linos of‘columns 4 and D arc altcrod, namcly thosc
whosc addrcss has its first character given as tho sixth chargctor

of ﬁho scqQucncao, Thce sccond third fourth and £ifth charactcfs form
a4 linc which is copicd inﬁo thc appropriatc linc oficoiumn 4 and tho
sevonth cighth ninﬁh and tenth go into column D. For cxamplc tho
offoct of tho sequenocc JABCDUFGHIT is to put ABCD into UL and FGHI

intb UD. This apparcntly somewhat invo;vod“procoss is dosignod to
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makc thc hand punching of matcrial as simplc as possiblc, It is only
nccossary to imaginc a page of material flankcd with a column of J's

on cither sidc and thcen punch pach row straiéht aCcross, Thc purposo
of the sdcond J is to facilitatc thc corrcction of crrors, If it is
noticed that a mistako has beun madc boforc tho socond J has bocn
punchcd thoe linc may bc nullificd by roplacing.tho last J by onoc of tho

charactcrs Ty Zsoossfo

Wwarning charactcr K, This permits the Writiﬁg of’matorial into any
consceutive scquence of lincss _Tho length of tho moaningful sogquence
is dctcrmincd by thQ fourth charactcr of tho éoquonco, if thce valuc of
this charactor (+ convontion) is » the 1Qngth of the sequence is Lnslie
The last Ln charactors arc to bo rcgarded as—diwidod into consocutive
~groups of four, which arc. to bc writton into consccutivo 1ihos. The
nddross of the First of thosc linos is given by tho sccond and third |
charactcers of thc sdqﬁcncoo Thus for pxampio the cffcet of tho '
scquence KZSAVKTAVéVE:TC‘is to put_VKTA’into ZS, VST/ into LS and 'E%
E:TC into WSe It nced hardly bc mentioncd that ocxtravagant offccts ;
arc to bc anticipatod if this facility is usod to writc into lincs
which contain. thc input routlno itsclt, i. Ce into columns /B, @ or A.
It is pormittcd howover to writc on any of tho othor cdlumns including
C and K. , V - ‘ |

Warning charactcr Ze .Onc charactcr scgucnce, ie0e thorc is only tho

warning charactcr itsclf, - The instruction containcd in €S is obcycd.

The cfffcet of this under normal conditions is to 'entor tho routinc

changing scquence' and is describod on pof49e

Warning charactor Q. - Tho sccond charactor (plus convontion) gives

the longth of the scquonce, reduced by two.,  Tho offect is to punch
?

all thec charactcers of the scqguconco, 1nc]q91ng_tho first two, - Its

main purposc is to cnable titles of input tapcs to bo rocorded in tho

output,

Warning;charﬁctor "o This is uscd for input of numbers in docimal

" form, It continucs from tho warning charactor up to and including

the first oecurrcncc of ‘onc of bthe threc charactors PyM,£ aftor
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{the warning charactcr and the two immodiatoly following it. In
osher words its lcengih is thce shortost conéistont with becing at loast
of longth four and onding with P, M, or £ It may be divided as
follows : | '
Warning character ("), Two charactors of addross, Contcnt
characters, En’ character (P,M, or £)e
If the cnd character is & thoro is no offoct, just as if the wholc
scquence werc intcrmediatc rubbilsh, If it is P or M, and'if the
content characters arce all choscen from /,E,@,A,:,S5,I,U,%,D the
cffcet is 4o alter the (long) linc described by tho addrcss part.
If the contont is given by characters S:: 5;, cee ,S—A the now
valuc of tho linc is i + i’lj 40?0 § ) }39 thc plus or minus
L =1 :f* 0
sign being talen accdrding as the final charactor is P (lus) or
ﬂ (inus ). If howover it should happon that thorc is a contont _
characitcr not included in thesc ten, it is to bo considorcd that tho
tapc has bcen incorrcctly punched, and the machinoc stops with a
continuoug hoot (middlc G}, " -

Warny cbonrcty, W. fadenn heot Oaﬁ‘j;jylhifuuuw,

Warning’ charactor X. Five charactor scquenco. The last four

.

charactcrs form an instruction Whicﬁ'is oboyod‘shortly aftor rocading
the last cheracter of thc scquoncos Beforc doing so however the
accumula%sor is £illed from the long lines HK and PK, tho formor
£illing the least -significant half,  Aftor the instruction has beon
obeyed it is crpticd back into these lines. They thoroforc in cffcct
act likc an accumplatof end are called collectively the 'pseudo
acctmulatont, -

\)JM OC\_N\M&‘\ Y M S/‘m&‘/\ T'c’ z ’&Wr Aw ':ifj' S
" The spsed cf the input routine is mainly limited by the speed,

of the inpuls process itself, 1.6, special magnetic function 1}. With

M .x"\i‘vc .
winapy inves (V) 4le speed is about half thise.

Tape hardling ogaipmont:

It is‘essential that some further cquipment be provided for the
hanéiing of tapos independently cf the computcre The first
cssontial is a punch controllcd frém a kcyboérd, Almost equglly

importans arc means Bor copying vapcs end mcans for converting
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matcrial on tapcs into a t&pcwritton form, Thoso arc standard
tcletypc apparatus, ' The provisions mentioncd bclow arc not
intcnded to be final bub mercly roprcscnt our intcntions at the time
of writinge.

It is intcnded that thcerce shall be two kcyboard poerforators,
Thesc will have 32 keys with thc.charactcrs /,E,...,£‘ongravod,
punching the corrcsponding combinations whon deprcssed, At the
same timce the toleprint signal corrcsponding to the charactor in
quecstion is transmittcd along a tecleprint lino, Therce arc also
kcys ecngraved with 1, 2,3,u,5,6,7,8,9,+;~,, whosc effccts arc
rcspectively duplicates of /,E,@,A,:,S,I1,U,%,D,P,M,Fs Thorc will
also boc a raperforator which acccpts signals from a teleprint linc

and punchcs the corrcsponding combinations of holos. Thoro will be

two tapc rcadcers whica accept an input of tapd and providc an clcctrical

ovtput of tolcprint signals, Theso units may bo coupled in various
WaySe For instancc onc may conncct both a rcader and a koybhoard |
perferatcr to a rcercrforator, This cnablecs onc to copy a.tapo with
intcrpositions of now matorial, and possibly with omissions. In
another arrangcment the tape from'thc rcperforator may bo thrcadcd
through the rcador,.which is clceprically connceted to tho
rcperforator. Undcr thoso circumstanccs a given scquonco of
charactcrs can bc repeated indefinitoly oftcn}on a tapc,

Therc will also bc a mcchanism for the pfinting out of the
contents of tapces. In thc letteor shift position this will give tho
standard charactors uscd in this handbook, on figurc shift tho
Cquivalents |

9 =

0123456738
ULXDPMF

1
/E@A : ST _ )
will apply. Thc changces from figurc to lottcr shift and back aro

manually controllcde

-

120 Thc concole,
. In ordcr to makc the account of the machinc complcto it is
nccossary to describe tha means by which the bchaviour of the machine

can bec controlled manuvally.. In practice thosé arc best lcarnt in
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connection with tho machine itsclf, but an attempt to dosdribo
tham completely herc will nevertholoss be mada.

In principlc two controls are sufficicnt, ° We¢ havoe alrcady
ncntionoed the input mcchanism: this bocomes a mothod of controlling
the machinc whon a mcans of changing tapcs is providcd, If to
this is added a koy which cloars ovorything (i.cs sots all tho
clcotronic storos to zcro, including adcumulator ctce) wo can do all
that wo roquircy at any pato if tho input programmc has boon storod
in an appropriato pa%t of the magnotic storc, In principlc also it
is sufficient for the machino’to signal'to thc oporator with the
output mechanism, or thc hootcr, Wo rogard thoso facilitiocs as
standérd, but therc arc a numbcer of othcers which we rogard as

providing variants of thc standard machinc,

Wc have mentioncd tho dummy stopse For cach of tho instructions :

/L and /G thero is a switch dociding whother that instruction shall
bc a ‘'wastc time' or a stop. Whon tho machine is in the standard
condition thosc arc both timo wastors. Wo have also moentionod tho '
hand switches H. Besides thesc thorc arc a number of othor'éwitches
and koys; ('switches' arc stablo in cithor position, whorcas 'koys’
must be kept presscd if they arc to fomain ih tho 'activo! positioh).
¥e list tham below togothor with thosc which have bocn mentionod
boforce .

Switch for thc dummy stop /L

Switch for tho dummy stop /G

' Hand switdhos H

MAN AUTO switch | o ) Scloction of

Manual instruction switchos MI O, MI 4yeees MI 19 instructions

Complction signals on~off switch CS
' Control of

Koy for singlc complotion signals KCS . ' complcetion
: signals
Slow complotion signals kecy :

o
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Kcy accumulator clecar KAC
Kcy B cloar KBC

Key d¢ontrol clcar KCC Cloaring koys

Koy multiplicand clegr KMC
Kcy cverything clcar KEG

. Manual writing
Writc~crasc key

facilities
Koy linc clear KLC .

Input controlling switch

Input and output
Printcr on-off switch

control

Digit koys POyeoeesP B9 . §

Switchos for connccting input to printeor

Writc=powcr switch
, Writing suppression
Other writing suppression mcthods

Thc purposcsof the clecaring koys, othoer than XLC, arc sclf

cxplanatory, When the MAN-AUTO switch is in thc AUTO position tho

instructions arc sclected and obeyed in the mannor alrcady cxplaincd
in detail, Whon this switch is in‘the MAN positionla diffcrent
arrangement applicse In this casc the actual instruction is the
combination sot up on tho manual instruction switches. The _
prosumptive instruction is only of intercst when the function symboi is ;
T2, T2 or Tle For this purposc it may bec takon that‘tho prosumptivo. j
instrucﬁion was £££8, Thus i1t is not possiblc by manual instructions
t0o makc any othor usc of thc B tubcAthan transfors and additions
involving B/« The offoct of obeying an ;nstruction in thc MAN
condition is detoermined by thoe cquations on p.E with onc modification,
viz, that cverywhcerc where C+1 appears C should be read instoad.,

This applics to tho®normally undorstood! eqpatlon c! = C+1, and
Jermits the interpolation of manual instructions amongstautomatic

oncs, It also applics to the rclative transfcers /Q, /d; /M and
results in the transfor,}gpp1;cab10, belng delivered to the linc

immediatcly provious to that which would have been rcached on the
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automatic systcm. The user is rccommonded to avoid such manual
instructions,

The switchos and koys for thc control of camplction signals
in cffcect deeide whon the instruction, dctcorminod by tho rulcs of the
AUTO or MAN opcration, whichcver ié appdicablc, shall bce obcycd. If
the complction signals switch is in thce on position tho completion
signals occur at thc timcs doscribed on peE, i.ce the machinc works
'full spcod ahoad's If a dummy stop which has bcen switchcd on is
cncountercd the complcotion signals ccasos Complction signals may
also bc given with thc singlc completioh signnls kecy, Thosc
. complction signals‘arc\not iﬁtorfupted by stops. Theoy may be givon
whon tho complotion signels switch is on. It is thorcforc possible
to r¢start after a stop by giving a singic'complotion signal. The
chiocf application 6f tho singlc‘ccmplqtion signals kcy is in tho |
vorification of tho corrcctness of routincs by tho comparison of
chock shcots with tho actual'bdhaviour of thc machinc, It is alsd
in this conncction that tho dummy stops find thoir usoc. They makce
it possiblc to hurry through parts which arc known to bc corrcct,
Anothor aild to this checking proccss is tho\'élow complotion signals
koyf, which provides complction signals at a ratc of 50 por sccond.

The digit kcys PO-P19 provido meoans for altoring individual
linc pairs of thc storo.l They only opcratc in the MAN condition
with complction signals on. The linc of the storc which can thon
be affccted is that whosc address is contained in the first half of
the instruction. It follows from What‘has already bcon saild that
uﬂdor the conditions iﬁ quostion the instruction on the manual
instruction switchcs will bc being repeatcedly obocycd. It is
advisablc thercfore to choosc somc innocuous value for tho function

4part of thié iﬁstfuction. (Any valuo which docs nnt mention S' in

its Oquations and doos not involvo a magnctic transfor is satisfactorye.

If thc normal conaition of tho switchcs 1s considerod to bo Yo /4

probably /T is tho most conveniont )e Wndop thesc circumstances tho

cffcet of opcrating koy Pn is oguivelent to an instruction with tho
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cquation Sﬂ = S v i~9“};q . For oxomplc 1f wo havo sct

up GF/T on tho switchcs and dopross P1,P6, and thc short lino GPF

contains MICE, wc shall aftcerwoards find that GF contains VICE. At

the samc timc the content of control may have becon altcorcd by tho

obcying of GF/T. It is assumcd for this purposc that thc writc-

crasc koy 1s not depresscd, so that it is in the writo position.

If this kcy is maintaiﬁod depresscd during the opcration of tho diglt

kcy Pn thc coffoct is given by the cquation  GQ'. S’s,(\,i‘an};q

i,co instcad of altoring.digits 0 to 1 tho rcversc applics,

Opcration of KLC clcars tho linc, whatevar thc position of tho

Writd-oraso koy. It will bce obsorved that tho samc cffcct is

obtaincd by'sotting the function symbol momcntarily Cege t0 TAe
BExcrcisc, Assuming tho digit kcys PO~P19 toAbo unsorviccablo

doevisc a proccdurc to roplacc thom by thc usc of H and othor controls.
Notcs Sinco H consists of switchos, whilst PO?§19 arc pross—

button koys tho latter arc samcwhat morc conveniont to usac,

- The changing of thc position of a switch should prcfcrably bo
donc at a timc whon.its position is irrolcvant to tho working of tho
maching. All switchcs and associatcd cquipment arc dosigned with the
intcntion of avoiding transicnt cffects, le.ce 1f it is irrclcvant
wvhich stationary position thc switch is in, thon it is cqually |
irroclovant whethor it is beingflicked back and forth.  Also if it
should happoen that a dhnngo is made during a timc whon its position
is rclevant, thc cffcet produccd at ocach individual instruction‘
during that poriod will bc cither what would be oxpected in tho on
position or Whét would bc cxpcetod in tho off position, and not any
third altcrnative, It may be takon that tho porigd—botwoon becing
definitoly on and definitcly off docs not cxcocd 30 ms, No statcmont
is mado concerning what will happon when two or morc switchos arc
simultaneously neithor fully on nor fully off, Likcwisc the opordtion
of a key is profurably dondﬁat a timec during which thc intormodiatec
statc of that part of ﬁho machinc immcdiantcly affocted by tho

opcration is irrclcvant to the bohaviour of thc rost of tho machinc.
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For instancc the cffcet of clcaring the accumulator with complction
signals on is not always very oasily'prcdictod. It is best to do
such opcrations with completion signals off, If however it is
necessary to do fhem'with completion signals on the following
assumptions apply to keys other than KEC. In every individual digit
period it may be assumed that the key is either definitely opeérated
or definitely not operated, The transition period between operation
and noh—operation may be assﬁmed not to exceed 30 ms, This
assumption cdnnbt of course be applied without more knowlédge of the
dotailed circults and timing thdn has boon glven hefies It may bo
said howoveor that if is adcquato to justify thc uso of KAC or KBC
for signalling to the machinc with complcoction signals on. This is
donoc in a fow routincs. The koy K.BE.,C. 1s 'in a somowhat diffiercent
catcgory siﬂce it offcetively opcrates a number of scparato Xoys.. Q
The usc of XKEC #ith complction signals on is considerod on ppe 46~ 47%.
The cffoct of undesired magnetic writing transfors can bo
disastrous, In manyvpfoblcms no such transfors nced be .madc,

During thec solution of thesc problcems it is usual to suppress all .

vriting transfors by switiching off the 'wfito-powor'. In most *
other probleoms there arc ccrtain tracks on which onc does nmot wish
to writo, Ce e tho:traoks on which tho routincs arc writton. In . y
thesce cascs 6neWishos to bc ablo to supprcss the writing on thosao,. ;
For this pufposo onc mayysuppross tho wr;ting on a block of sixtocn
tracks by the romoval of a valve from the writing circuits, A
'biock' consists of a sct of tracks whosc numbers arc of form
16n + m whore 0 & m < 46 and n romains fixcd through thc block, ‘Ono |
may also suppreoss writing on a,singlo track by the rcmoval of a walvo, %
The rcmoval of valwes is not normally admissible, but is liconsed in
theso casose . %
The facilitios additional to the ouput and the hootor by which’
the statc of the machinoc mey be observéd comprisc a numﬁor of monitor
tubes, which makc visiblc thc contonts of the various olcctronic

storcs and samc nconse The contonts of tho accumulator, B-tubc,
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control and multiplicand arc displayod on differont tubos and tho
contont of the storo is disﬁlayod on two furtheor tubos, Which pagos
arc displaycd on thesc tubos is dotormiﬁqd‘by switchos, Any pair
can bo_ choscne The ncons.comprisc | ’

Q digit

Sign of D

Stop indicator

Chock indidafor
The Q ncon is brighﬁ if @ = 1; tho D ncon if D is nogativey  Tho
'stop' noon is ﬁbight if tho last instruction oboydd'Was.a dumhly stop,
regardlossibf Whothor it was switchod on or note Tho tost indicator.
shoﬁs bright if tho last instruction Was:onb of the four 'conditional
transfor' or tosﬁlinsfructions, viz, /T, /H; /0, or /M;and.mor00vor
onc” for which thc tost 'éamo_ouﬁ negative! i,c. in whioh @ or thc
most signifiéant digit of A (whichovor is rolovdht, i,ce is '‘oxplicitly
mgntioned in the oqpatiohs) is 1. The ohck'nobh sﬂaﬁs tho parityA
of tho'nﬁmbor of failed chocks as dosoribod.on p{&q.

A numbor of spocial points must bo noteds The quantity
givon on the multiplicand linc, intcrprctod aocording to thc plus
convontion,}is thce modulus of the content of tho multiplicand,

The sign of the content bf tho multiplicand must bé found’ from tho
noon, On tho control tubo.ono finds not only thé'qpantity Cy
(which Wovhavbvalso called tho instruction numbor, I.N., and which,
aftor‘adding 1, doscribes the linc in which the next instruction to
bo oboycd, is to bc found), but also tho last instruction obcyod.
This is tho truoc instruction{ not the 'prosumptivo instruction',
iscs tho contcont of thc B-tubc has boon taken into account. This
does not of coursc apply to thc casc when tho’MANaAUTOZSWitch”iS‘SCt
at MAN. | In this casd onc may think of tho control tubo as showing
tho instructions which would have bocn obeycd had thoe machino bdon‘
in tho AUTO condition; Thefc is ho moans‘of monitbriné tho
prqsumptivo inStrudtion, othor than bj 1ooking:at tho appropriatc

linc of tho ’storc bofore obcyling the inStruction.'
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Thc monitor tubos can of coursc be uscd to obscrvo the gonoral
progrcss of a computation, but this usually procoods too fast for
obscrvation of detail. They arc most uscful for obscrving the machinc
in a stationary condition, This occurs with

i) Complction signals switched off

ii) Dumy stops

iii) Loop stops
yith complotion signals switchod off onc can obscrve succossivo statos
of thc machinc by opcrating tho singlc complcetion signal koye. If
therc is any doubt as to the corrcctnoss of the programme it is usoful
to comparc this scquencc of states with thosc giveon on tho 'chock
shcots!t, Provided that the machince can bc sparcd for thc purposc
this is thc quickcst way of finding crrors in thoc programme,  In
meking chock shecets it is ofton convenicnt to indicatc rcpotitions
of a procoss by dots, rathcr than writc out all the dotails, . Whon
thesc dots rcprééent a very large numbor of stops of thc machine it
may be inconveniont to go through thesc steps with the singlo step
facilitye. It is then best to put on the automatic complétion signals,
but it is difficult to stop thom just.at the right momente =~ If
however dqummy stops arc included in thce programmo .at appropriato
points thoy can be used to stop the machinc wherc reguircd. A spcecial
form of this is mentioncd below (Pe 50 e ‘

13, Starting thc machince

Our cxplanations and oxamples have up to now assumed the
machine somchow to havo rcachced certain particulai statcs, and  thc
rcader has beon oxpected to rostrain tomporarily his .curiousity as to
hov thosc statcs worce rcachcd. In this socction wc attompt to satisfy
this curiosity. This doos not involvé making any now statcmonts
about tho construction of thc machinc; 1t is an application of thc
propertics of the machinc alrcady (and almost complctoly) dcscribods

Tho cossontial procoss to describc is that of 'manually writing
givon information into a trackle This is donc in two parts, of which

the first is thc writing of tho information into a page or two
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partnercd poges of thp]uloctronio storo and tho sccond congsists in
trensforring this informntion to the trock in qucstion. Tho
vriting into thc clcetronic storc ié dono A linc at o timc, Tho
prococurc is as follows

CS off

Sct’ function part of MeI. Cage to T& or T/

MAN=-AUTO switch to MAN

Opcratc KHC

Ceide On

Set storc linc part of M,I, to the address of thce first

linc to bc written in, c.ge to //.

Oporatce tiic appropriato sclection of PO-P19 to writc tho
contont of this first lince in, oc.g. if tho contont roquired is
&//T opcratoc PO, P19. |

Sct the storc linc part of M.I. to the addrcss of the sccond
lino-pair to be writteﬁ in, c.ge to &/,

Opcrate tho keys for the content of this second lino.

Repcat with the romnining lincs roquireds

A This proccdurc con bo variod when crrors arc madce,  Thc most

satisfactory arrangement in the opinion of the writer is to operate
KLC whenever an error is made and then rowrite the line, Altornntivolj?
tho 'crase' key may be uscd, | l
To copy from the eleqtronic-store to the track the procedure. is

CuS. OFF " |

MeI. to ////

H to a magnotic instruction deuscribing the transfor requircd.

Operate KCS
It will be apprceciated that there arc a numboer of variations
of procedurc possible, and that the procedure above makes no allowance
for chccking, although chceking should invfact bé dona.,- An

important variation is the possibility of using H in placc of ?

POyeeeP19,




Dthadad o Uh i ad G ibiean AR oAl S

Lé,

The proccedurc outlined above should be non~=rcecurrcnt. It
is intcnded that as soon as the input progrmmne, or oven tho barc
poncs of the input prograrmc, has boon put into tho magnetic storo,
this mothod will no lohgur be'usod; There will be an interim
poriod during which a varicty of diffcrent mothods may be used,
beccausc the programmces for thoe final arfangomcnt have not yet becoen
put in, but thesc arc of no intel;osto The final arrangements will
also not be described, for they have not yct been decided,

- It must not of coursc bc imagined that the 'initial conditions!
of the various routincs which we have giveh as examples would
normally be achieved by such a 'writing-in' prooéss° They will
nornglly bc aéhievod during thc action of samc othcr routine Which
uscs the given routine as subroutipeo Morcover when making up
thesc(sub-) routines.one docs not normally have any particular means
in mind by which the initial conditions arc¢ to be achicved, apart
from the general conventions governing the change of routine, Thcy
arc simply madc up in the (normally justified) bélief that thesec
initial conditions wili arise in some useful conncetion. ‘

In connoction with starting proccdurces the use of XKEC should
also be mentioncd. Wo will supposo that thc machinc is out of
control, i.0, that we do not know what it is doing, cither bocauso
the machinc itsclf has madc somc unknown ofror, or becausc tho
operator has forgoﬁten what hc has done, or has}dono'somcthing
vhosc conscquences he docs not 6hooso to considers We assumc the
switches to be in the positions for normal opcration, ie.ce

CeSe On | o

Dunmy stops off

auto condition>
Wo will also assume H sot to ////s Now copsider tho cffect of
operating I3EC. AS mentioned in the description of the consolc this
clears the store, and thce special stores B and Co It has othoer
Offects‘which do not conccrn us so much herc, As the key is

allowed to return to its normal condition the coanections causing
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the clearing cffect will he brokon in some unknown orders There
may possibly bc bounce on the contacts causing the clearing effaect
to rocturn tomporarily. We shall show that this complicatcd
bchaviour of tho koy nced not be known in aﬁy dotail, and that tho
machinc as a wholc 'comos undcr control! very shortly aftor the
key has rcturncd to its normal position. e make only tho
following assumptions,

i) The period of bouncc docs not oxcccd 156 ms,

ii) During thc period of bouncc thc cffcct of altering & lint of
storc or control or B-%ubo is tho altcration as described
for normal opcration combincd with possible rcplaccmont of
somc digits 1 by Oe

For this purposc thc proccsscs

Adding 41 to control (I.N,)

Scleceting the instnuction from the storc and copying

onto control tubo (P.I,)

Obéying the instruction
must bc troatcd. as scparatc.
1ii) Digits 10 to 19 of linos // to U/ of track OL contein //.

It will be scon that if at any prepulse~time G, { 6 and

'iii) still holds, fhon ci LC+1 and iii)'hold at thc noxt propulsac.
Morcover at any prcpulsc beforc the bounce period we have C, = Oe g
It follows that G 2. 6 cannot hold until tho fifth propulsc aftor
tho boginning of thc bouncc period, It will be scen that all tho
intcrvening instructions arc magnctic transfors occupying morc than
30 ms and that thopeforc when C*.= 6 for the first timc, the bounce
period is.pvor, and 1ii) still holds., ‘hcn the next instruction
has bocn obcycd the machince will bo in the samc condition as if it
had procccdced in the ponmal manncr from the condition with control
and storc clcar, There is no oxtornally distinguishable bchaviour
of thc¢ machinc in tho two'casos, for in necithcor casc is’ theorc any
hootihg, printing or punching boforc tho point at which thce common

bohaviour starts,
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It will be seen that the KEC method of starting is wvalid
also 1f some other magnetic transfer ié set up on H, provided that
the routine brought down to 0 satisfies iii)s  Such routines
may be termed ‘self-starter! routines; They include routines
brought down to p 1 and starting at /@, though there is a delay of
about two seconds beforc the routine 1s entered in this cése.

14, Conventions,.

TlHe machine has a very great flexibility, Although this has
obvious advantages, it has also certain disadvantages which can
become serious unless precautions arce taken. It is for instance

possible to alter the whole content of the clectronic and magnetic

storemerely by putting an appropriate tape into the input. Although

we may be often glad of this fact it increases the possiblc damage
which can bo caused by mistakes, The rcemedy for this kind of

difficulty lics in the introduction of conwentions,. These are in

effecet decisions to rostrict the frceecdom or flexibility of the
machine in various'Wayse It is hoped that the loss of flexibility
will be fully compensated for by the advantages of the resulﬁing
rcduction of the uncertaintty of the state of the machinec,. The
convent ions arc mostly'not to be regardced as absoluto commands or
prohibitions, but rathcer as normal procedurc, any deviation.from‘
which must be noted in the descriptions of the routinces in which
they oceur,

Sincce these conventions do not form any part of the physicél
machine the user has the alternative of ignoring them altogcether,
Likcwise he can if he wishes ignoru altogether the whole of what is
said about actual programics and (at his peril) make his omm from
scratch, if'hu.considprs it advisablc, Thce conventions should not
be regarded as purc tyranny, but to know that thoy have becon obqyod
in thc programmcs onc islusing is a grecat comfort, Morcover thoy
cnable ono to rcducc considcerably the lengths of official accounts

of routincs, sincc thoy allow;a great doal to be fakon for grantod.
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The permancnt information PERM. The routinc changing sogucncc.

Therc arc cortain oxprossions which it is dosirablc to kocp
constantly availablc in the clcctronic storce. Thc amount of
matcrial which should be so kept is a mattecr of opinion, At
prcscnt 1t is proposcd to kcep only the powers of two and the
'routince changing scquencc’, The dotails of this matorial arc
shown on tho accompanying diagram?ﬁffTho forty powcrs bf two arc
obtaincd without using morc than forty-onc short lincs, although oéch
powcr ocdupics a long 1inc. .Howecver tho addrosscs of thesc lincs
arc not in lihcar scquenco. This mcans that if we wish to usc somc
particular powco ip QP instruction wo dan do so, but if for‘instanco
wo want to find zbéij*, a somcwhat lengthy proccss involving a tost
instruction is r0quirod; Samctimes this has to bo donc, Ce.ge in
the routines for the logarithm and tho rcciprocal, vIn thesc cascs
the forty onc lincs of PERM arc combinod with a furthor forty lincs
which arc put into'thu oloctronic‘storo simultanbously with tho
routines which quﬁiro tham, -

Thc purposc of the routinc changing scquonco is to cnablo

routincs to be changed without having a lot of prcparatory bothor

in thc routinc which is being lcft, but fairly quickly and ccrtainly,
A ccrtain amount of preparatory bothcer is unavoidablc, When loaving
any.routinc it is.nocossapy somchow to specify tho now routinc which
is bcing ontcrod, Wc do it with a long linc which is callcd the
'cuc' for thoe now routinc, W/hen loaving a mastcr routine for a v
subroutinc it is also nccessary to spocify what is to be donc when tho :
opcrations of the subroutino arc over. This 1s donc with anothor
forty digit linc, called the 'link',  When loaving.tho subroutinc
the 'link! will bucamo a cuc, and will nmormally load back to the
mastor.routinUa

- Thce proparation to lecave a routinc will always includc putting
the buo into VS8, wherce the routinc changing scquence will find it and
dcal with it; This sctting of the cuc may bc dong just beforc
lcaving tho routing, though it can bc donc at any provious time,

N
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providcd no subroutinu intcrvoncs. With routincs which havc¢ no
subroutines the cuc is often plantecd immediatcly after contoring
the routinc itsclf, If a link is roquircd it should bc put into
the lcast significant half of tho acoumulatof immcdiatoly boforc
lcaving thc routinc, On cntering tho subroutinc the link may be
plantcd in VS at oncc, or if thorb;aro lecsscr subroutincs, may bce
tomporarily storcd clscwherc,

The cuc itsclf is foquired to spccify thc now routinc which
is being ontoercd, Two diffcrent systcms arc uscd according to
yhothér the routinc in quostion is or is not 'of fixcd ﬁbodo', i.0.
whether it is always kept in the samc track or not. Tho cuc
itsclf dotorminos which typc it bolonés t0, and thc routinc cﬁanging,
gcquonce recogniscs the type and acto éccoraingly.‘ Tho tWo typcs
arc called 'truc cucs' and 'falso cuos's Truc ocucs ond with O and
arc uscd with routinos of fixcd abodce - Falsc cucs end with 4 énd
arc uscd with routinos of no fixcd abodo, Tho cuos will be
described hero from thoe point of viow of thcir troatment by tho
routinc changing soquencc, Thc samo informétion,ié given again on
Pe /3 from a rather differont point of view, '

The first step after ontering thé routine changing scquconce
is to dcposit the link tcemporarily in VK, lcaving tho accumulatdr :
clecar and frcc for othér PUPrPOSCS, This 18 tho instruction VKA.
Tho noxt instruction is ¥8/L which is a dwmny stop. This will bo
cncountoréd wheonevor routincs arc changed, and cnablcs onc, ﬁhén
testing out routincs by hand, to spccd through subroutincs known to
bc sounds The noxt two instructions VSTE and CK/H discriminatc
betweon the truc and falsc cuos. Lot us take first tho casc of a
truc cuc. The noext instructiqn 13.6&/: and oboys’the<gagnotic
instruction part of thc cuq. The nocxt f;vd instructions fqgm the
qQuantity {4qzs(g§;j-gjq}l{j whose valuc depcnds on the proceding
nagnctic %fgnsfur and, if gﬁo wrong transfcer has bcen madc, is likely
to have thc wrong valuc, . The corrcct valuo ‘is containcd in digits
10—19‘of the cuc, The next four instructions arc concorncd with

vorifying whothor the valuc obtainced agrecs with the valuo glven in
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the cue, If the value is wrong a middle C hoot occurs, If the
value is pright the routine is entered by the ihstruction vs/P,
using the control transfer number part of the cuec,

In the casc of a falsc cuc a ncw magnetic instruction is
constructed and obcyed, reuultlng in loft half of thc track
mentioned in digits 30~-38 of the cuc belng transfcerrcd to p.O.

The line of this track namcd in digits 20~29 is thon transferrcd
to tho short linc £S. Thé routine changing scquenco is thon‘
rcentorod, But now therc is a now lino in £8, not cnding in'1,
so that the content of VS is nowtﬁroatcd as a truc cuo, Thc part
of thc routinc changing Sanénco which.doals with falsoc cucs is in
Pe 1 o
Conncectced with PERM we havo thc‘convontions
i) Tha% it is assumed, unlcss othorwiéo_spocifiod; that PERM is

prescnt both at tho boeginning and at the ond of a routinc, le.c, that
thc contents of lincs /: to XS arc as shown in fige F

ii) That thec retrcat fram a routinc is fully provided for by
loaving tho cuc for the rctroat as a link in the accumulator (L)e
1ii) That t6 dcscribc the mothod of cntcring a routinc.it is
guffiocicnt to spocify ﬁho cuc, in the mannor described bolow (pe 73 ).f

iv) Thc lincs /E and /A should not b¢ left cmpty in a routine, |

and should not bc uscd as working spacc in a routinc,

RCotrlCtOd usc of clcctronic storcs. Normal dutics of pagcu.‘

It must now bc cxplaincd that it is vory doubtful whothor the
sixteen pagoes of clectronic store will over be availablc, - In any
casc it is advisablc not to usc moré of tho storc than is rcally
noecessary, on account of the difficultics of scrvicing, Howover
it is futilc to practice oxcossivo‘spaco ooonomy}with a routinc
which is normally fo bo uscd in conncction with .othcrs which
practicc lcos cconomy., It is nccessary thoraforc to havo fairly
definitc undor;tandings about how nuch may bo usod.’ ?he following
may bc assumcd | |

v) Fivc pages of olcctronic storc will always be available, In
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other words 1t is not rccomacnded that any programming be dono for
a machinc with lcss storc, |

vi) No 'library' programming should bc donc on the assumption ,
that morc than cight pages will cvor be available,

Thce decision a8 to which @f tho sixtcen tubos should bo

mde functional is at our disposal{A It scoums prceforablc that
thcse should be choscn amongst the first cight, aithough it might
be difficult to give any very convincing rcasons for doing so.
0f thoso any £ivc may bo takon; but it is desirablc that a particular
rivo bo choson and not altorods This is ossontial if iibrary
routinos arc useds Tho scloction which has bour choson is
0,1929Lty7, 1ece wOlurms /;E;@,A,:,S,ﬁ,D,C,K. This sclection may
ppear samcwhat arbitrary; It may appcar 1063 so afteor it has boon

xplained how theso pages will normally be usod, ({)

Pages O and 1. (columns /,E,@,A) arc oﬁstqmarily usod to contain
mutihos, ieC,y instructions togothcf with auxiliary fixod_numﬁors
tCe The magnctic transfers applicd in the routinc changing ' a
scquence will normally bc to onc or both of theso Pages, , , g
Pagc 2 (columns :,s) contains most of PERM | %
Page L (column %,D) is uscd as systcmatic working spacG, 1.0
henever 1t 1s required to storc tables or other material systomatically ;
rranged it is recommcndéd that this pagc b¢ uscd, : é
Pagc 7 (columns C,K) is uScd as ymsystomatic working spaco, A é
+C. its contont is largoly uﬂrolatcd long lincs, It. also includes 4
- part of PHERM viz, tho part of thc routino'changing soguonce concofnod
ith falsc cuos, 7 N
ho uscs of thce other throé pagces if over available is anticipatod
s follows |
Pagc 3 (colums I, U) may bc uscd cither as a further part of
ERM or as moro unsystematic or systematic working spacc or any
ombination of thesc, The lincs usod for the former applications
hould precferably be the carlior oncs so that thoe systomatic working

pacc may consist of consccutive lincs.
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Pagc 5 (columns R,J) will b aveilable as additlonal systcmatic
working spaccCe | '

Pagc 6 (columns N,F) will bo available for systumatic or
unsystematic working space, the lattor proferably being restrictced
to the latcr lincs,

Thesoe deeisions and suggestions ha#o bucn influcncod by thc
following cohsidcrationss | ;
V (a) The choice of the £ive pages must bo convuniiont when thorc
arc only fivc availablc, but must also be convenicent when thore arc
six, scven orKUight. |

(b) The roubinus must be rustricted to relatively fow ﬁagcs 30
as not to intorferc with other forms of storagc.

(e) similarly uscd pagds should proforably bo partnorod. This
applics ﬁarticularly'to systomatic’ working spacc and to thu spacc
uscd for rbutinos, '

(4) Systomatic working spacc should if'possiblo‘consist of
consceutive lincs.

(o) The powers of two must bo eonsobutivc.with the spacc psod
for routinoé. ‘

(£) The first fow instructions after opcrating KEC arc takon
from column /. |

Thoesc Suggestions arc supportod by the following conventions
vii) That in all library routincs the instructions must bo kopt in
columns /,E,@jAs
viii) All altcrations dr lincs on pagces 3-7 must bc mentioncd in tho
‘account of the proportios of'thu routinc, with the cxcception of long
lincs GK,MK,VKe

It is inthdud that lincs GX,MK,VK bce uscd as spceial short
terimm working spacc 1.Ce. to contain gquantitics which arc no longer
of inturust oncc -the routine is Cfinishod.s Lincs MK and VK arc in
any casc uscd in the routinc changing Suquunco.\ It wili be scun
that tho prcscncc of théso thrcee lincs and thu part of PERM on
pagc 7 makces this pagce uéoloss for systcmatic working spacco. If

furthor short torm working spacc is roquircd onc may usc thosc lincs
b .
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of pages 0,1 which contain instructions whioh will not be obeyed
agaln before they are wiped out by a magnetic transfer, It
should hardly ever be neccessary to use any other part of theu
unsystematic working space as special working space,

The normal uses of the pages are set out briefly again on

mg. G‘o ' \

B=tube conventions, The conventions concerning the use of tho
B~tubae are '

ix) At the end of a routine BO = /7// unlcss otherwise stated,
Indecd any alteration of BO requires special mention,

X) Uses of the B tube roesulting in thoe function number part of an
actual instruction difforing from that of tho .corrcsponding prosumptivﬁ
instruction, necd spceial mention.

xi) Whero a choicc of B linos is ‘availablc tho higher numbcr is
to bo profcrrcde.
xii) Altcrations of B lincs othor than BByB7 must bc mentionod, .
It may boe rcmarkced that B7 is uscd in tho routino changing
SCQUCNCOo, | |

Conventions rcgarding the usc of magnctic storagc, Thera arc a

nuber of diffcrent ways of using mégnotic storagoc which arc worth
distinguishing, |

a) Tracks containing fixcd information, namcly a numbcr of
diffecrcent routines of rathcr gcencoral application and PERM,

b) Tracks uscd to contain othcr routincs, which aro changcd
from timc to time, but not as part of a camputation. |

¢) Tracks uscd for working spacce

d) Tracks uscd for systcmatic working spacce

o) Tracks uscd for spccial working spacc.
It is not nocossary to makc many dccisions yot about which tracks ‘
should be uscd for which purposcs, Wc may porhaps decido -
xiii) Tracks 0-15 arc for pormancnt routincse Tho Writing will
normally bo supprcsscd for this block of tracks,

inv) Tracks 16-31 aro for loss pormancnt routinos as b) abovo,

iiriting is supprosscd during computations,




i

TP,

v
16
.

xv) Tracks 32 to &3 are working 8DACE,. Track 32 is speeial

Jorking space, i.c, its content may be altered in a subroutine
sthout mention. Unoyustematic working space should preforably be

in the earlier tracks of thesoe two blocks,

e formal mode of operation, Thers are a number of modes or stylos

Zn1which the machine may be usud,_ahd vach such mode has ito convwntions,'
3 .

:wstricting the operations considersd admissiblc.  The ongineers for
insbancc will consider thoe rcmoval of a valve or tho cOnnuotion‘of
swo points temporarily with crocoailu ¢lips 4o be admissible, but |
rould frown on c;rtain uses of a hatchet, The romoval of valvoes

ind all alterations of conncctions are cortuihly not poermittod to tho
rrogrammers and othoer uscrs, and théy have udditional taboos of thuir

omev Therc arc in fact a nwibcer of modes of opeuraticn which might

be distinguishod,.but only-tho formal mode will be montioned hurc.
This modc has rather stringont and definito convenbtions.  The
sdvantage of working in the formal modc is that tho ouput recorded by
1vhe printoer gives a complete dusceiption of what was doﬁo in any
computation. A scrubiny of this rocord, togothcb with courtuin obhor
documcnts should tell ono all that onc wishos 0 knows  In particular
this rucord shows all tho arbitrary choices made by the man in control
of the machinc, so that thorc is no qudsﬁidn of trying to rcmoember
that wags donc at cortain critical pointss

Tho conventions involved in tho Formal modu arc of two kinds,
ratriactions on the programing and punching of tapos, and roestrictions
on the actions of thu man in control of the machinc,

Restrictions on the actions of the man in control

(a) The only opcerations permitted arc the changing of

input tapcs and of thu.hand switches H, opcration of KEC and KAC, and
tcaring off of tho puﬁchud and printcd outputse Thesc oporations
lnay only bo corriod out as pernitted in (ﬁ) to (8)e | .
(b) Thesc actilons-mey only e porfbrmod when cuftain printecd
isignals arc given by the machinc. The details of this arc

lluseribed in the official account of the routinc ACPIONs  For
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instancc whoen a tape is to bo changod + + ClLGE:t4eesessse== 18

?printcd and a hoot occurs. The full stops roprosont a 'dosoriptive

word' of oight charactors giving thc controllor somc indication of how
to choosc thc noxt tapo to put in. ;
(¢) only spceially marked 'titlod tapos! may bo usocd.

Thce programmor issucs instructions both to tho machino and

to thc controllor, The latter may bo as complicatod as tho programmor

considors advisablec, but must of coursc bo consistont with (a), (b)
and (c¢)s Thc complotc programmc is restricted by tho furthor
conditions:~ '

(a) The actions which the programmcr permits thc controllor
at any stagc must bc dctecrminable from tho provious printced output,

This onsurcs that thc programmcr, looking at thc printed output

aftorwards, will bc ablc to vorify that}his_instructioﬁs worc obeyed,
always assuming that tho machine mads no mistako and that (a),(b) and
(c) wero not disrogardcd. The routino ACGTION is oonstructod so as to
makc a printcd rccord of ovory action of tho controllor; assuming ho
has obéyod (a)s (b) and (c), |

(¢) Instructions involving H arc only usod as follows,

Instruction // is only uscd in thc first fow lincs of the solf-startor

‘routino'INITIAL, kopt in track OLe Instruction /: is only uscd in
{ the routinc ACTION alrcady roforrcd to.

(£) Spccial maegnetic instructions, concorning input or

toutput, arc only oboyod in spocilally constructcd input and output

routines, moro spocifically in INEUT, OUTPUTA, ACTION and WRITE.
(g)The ‘titlod tapos'-ﬁfovidod'for usc undor (c) ﬁust all
bogin with a titling scquence, i,0, a moaningful scquoncc boginning
with Q, as doscribod undcer the input routino, Prucautions must bo
takeon that no two titlced tapes can have the samc titlc i.0, tho samo
initial moaningful scqucncc, :
(h) ?fccautions must bc takeon that when a hoot onjoins

the tcaring off of a tapc fram thc output; this tapc shall, if titlcd,

| oboy thc rostrictions montioncd undor (g

]
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(1) If output secquences can bo of indefinito longth thoro
is a dangocr that it mdy not bc possiblc to dotqrmino thc mcaning
of thc output,unambiguéusly. It must howcvcr be arrahgod that this
can bc done,

In genoral tho programmcer cannot be hcld rcsponsiblo for the
cffocts that may arisc when his insﬁructions arc disrogardod; any
morc than for thosc which arc thc result of corrors in tho macﬁino.
Ho will of coursc bo woll adviscd to havo chocks for both; Thc
officlonoy of his precautions will mainly affcct his own work, To
avoid it affceting the work of othors it is advisablo that titlos
bcgin Cege with thc initials of the programmor, or with somothing
identifying tho job,

| If tho output worc only on punchod tapc it would bo quitc |
difficult to onsuro that (i) was oboycd, sincc any qombinationVOf
charactcrs might appcar as part of tho gonuinc output, For instaneo
onc might wish to have tho machine calculats 7 %o a cortain nuibor

of placcsy thc numbcr possibly being dotermindd by thc machino, and

then to do something clsc, Onc might have the maching indicatc tho

cnd of the digits of 11 by writing DIGITSOFPIENDHERE., But thoro
is no roeason that’I knéw of why this particular combination of

digits should not bc part of thc binary oxpansion of 7+ s indocd it

- almost ccrtainly docs appcar somowhorc, so that the appoarahco

of this scqucence of digits could not bc taken as conclusivo ovidonco
that tho machinoc had camplotcd as much of tho computation of T as it
was propdsing’to'do. Of coursc it is vastly morc probablc that this
is theo casc thén that thoso characteors werc obtainced as part of tho
binary formm.of 7\ 4 Thc obi ctions to‘making such assumptions arc
mainly dcsthotic. It is satisfactory to bc in a position to rogard
the bohaviour.of the machinc as constituting a proof of somc
mathcmatical stafomont. It is lcss rcpugnant to thosc w?th'puro
mathematical training to bc obliged to assumo that tho machino has

madc no misﬁako, than to have to admit that cven if no mistakc was

{ made the rcquircd rcsult docs not quitc follow, I pcrsonally, for
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' instance, would prefer to have to admit a probability 10"20 that the

jmachine had made a mistake, than to have to assume that a thbusand

consecutive zeros oocur in the first million digits of T .

{

" The condition (i) can fortunately easily be met if the printer

l'is availlable, It is for instance easy to take precautions that =-

can never occur except when printed.in ACTION. This Justifies one
in assuming that the warning signals given in ACTION actually arc
produced by that routine and arc not somo countorfeits produéod in
snothoer way,s

Replacability conventions. It is essontial for}tho possibility of.

programming at all that the propcertics of thc machinc should hardly
cver be changed, Thore ‘arc however ccortain fecatures of tho machino

which can roasohably be describod as 'disadvantam~cus', It is

dosirable to leave open thc ponsibility that these features might at

some timo bo pefmovods ~ This ouggosts the convention |
xvi)'No disadwvantagcous featurc of tho machinc should bo.usod in a
library routinec,

This rcequires somc further definition. It is understood in @onnoction
with cach such featurc that it is known what modification improving _
tho‘machino 1s contcmplated, The routincs must work whother such a
modification has beon introduccd or note The fcaturcs at prosont
rccogniscd as disadvantagcous arc mentioncd bolbw. |

a) Cortain functions arc not considerod of particular valuc and

ratcd as 'foul's  Theso are /B, /", /X, /&, TE, TS, TU, TH, TY, TP, TQ,

EM, TX, TV, The modifications cnvisagod arc tho changing,of theso to

othor operations, so that thc convention amounts to the avoidanco of
their USC. | .

b) The cxcoptional naturo ofvtho linc pairs at the ond of a
pago (scc pe b ) , is disadvantageous. The modification
vould consist in bringing thesc into lino‘with‘the pthor l?ho—pairs.
Thc usc of such lino-pairs must bo avoidaod,
¢) The sixty;fifth 1ino facility is reckhonod‘as disadvantagcous

{or a slightly diffcrent rcason, viz, that it is an inconvenionco
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in the engineering, and it might at some time be abolishéd for
engineering reasons., ‘It oe?tainly should not be used for ;ny othér
purpose than checkiﬁg; ﬂ
d) Provided that input and output are always done through the
official programmes the possibility of iniroducing improved input
and output mechaniéms remains opens
We must also recognise the possibility of altering routines,
whilst leaving their essential properties, except for speed,
unaltered, It is desirable that sucly changes should not affect the
validity~of the programmes which use them as subroutines, This
suggests
{(xvii) WNo programme should depend on propofties of ite subroutines
which are not mentioned in the official accounts of thesc subrioutincs,
They should also not depcnd on the timoc of thr subroutinc,
| The timc restriction is not onc which onc is tcmpted to
violate, and indcod onc which could only be violated by use of the
clockq Statcments about the time of the routine itself will of
course depcnd on the time of the subroutine, and arc exéopted, though
it is desirable to state the formor as a function of the latter,

15, Programming Principles.

Programming is a skill best acquirodlby préctice and oxamploc
rathcr than from books. The rcmarks given herce arc thercforo '
quito.*?admojnte. |

If it is desirod to givec a definition of programming, one
might say that it is an activity by which a digital computer is
madc to do a man's will, by exprcssing ﬁhis will suitably on punchod
tapcs, or whatcver other input medium is accceptod by tho machino,
This is normally achicved by working up from rclativoly simplc
rcquircments to morc complcx oncs. Thus for instancc if it is
desircd to do a Fourier analysis on the machine it would bc as woll -
to arrangc first that onc can calculate cosincs on it. iFor cach
process that one wishes the machinc o0 bo ablc to carry out onc
constructs a 'routine! for the processa This consists méinly of a

sot of instructions, which arc obcycd by the machinc in thc procoss.
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It is not usuél howcver to rcckon all the instructions oboycd in the
proccss as part of tho routinc. Many of thcm will belong to othor
routines, proviously constructod and carrying out simplcr proccsscs,
Thus for instancc tho Fouricr analysis procoss would involve oboying
instructions in thc routinc for forming cosinocs as woll as ones in

the analysis routinc propef; In a casc likc this the cosinos routinc
is dcscribed as a 'subfoutine’ of thc andlysis routinc. . The

subroutines of any routinc may themsclves have subroutinos, This is

1iko the casc of the bigger and lcesscr floase. I am not suro of tho

exact meaning thc poot attachod to the phrasc 'and so ad infinitum!,
but am inclincd to think that hc mcant there was no limit that onc
could assign to thc longth of a parasitic}éhain of flcas, rathor

than that hce belicved in infinitely long chains, This cortainly

is thc casc with subroutines. Onc always cventually comes down to a
routinec without subroutincs,

What is normally rcquircd of a routinc is that a ccrtain
function of thc state of the machinc shall be balculated and storod
in a given place, tho majofity of the contoht of thc store becing
waffected by thce procoss, and thce routinoc not being dcopoendent oﬁ
this part having any particular contcnt. It is usual also for~thq
othoripart of tho storc to bc divided into a part which is altorod
in thce proccss but not grcatly rcstricted as to its original
content, and a part which is unaltcrcd in its contont throughout,
and such that the corrcct working of thce routinc dopends on this part
having a particular contecnt, Thc formor can bc doscribod as 'tho
working spacc for the routinc' and tho lattor as 'thc spacc occupiod
by the routinc', | | .

Applying this to thc Mark II machinc, tho routinos usually
'occupy'! various tracks of thc magnctic storc, The working space
includes all thc olcctronic storo, wifh the cxccoption of PERM, which -
can cqually woll be reckoncd as working spacc which is ﬁbver rcally
altcrcd, or as a part common to all routincs, The first two pages

of tho clectronic storc arc also samowhat oxceptional, if normal

ort”
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convontiohs arc uscd, as they arc only altcrcd when onc is copying
ncw routines from thc magnctic storc onto them,

Theso dcfinitions do not rcally hclp thc beginner.,” Soamcthing
morc spceific is nccded, I describec beolow the principal stceps which
I usc in programming, in thc hopc thoy will bc of somc small
assistancc,

i) Makc a plan, This rgthor baffling piccc of advico is

ofton offorcd in idontical words to the beginner in chess, Likowisec
thce writcer of a short story is advised to 'think of a plot' or an
invontor to 'havec an‘idoa'. Thoéo things arc not tho kind that WO
try to mako rulcs about, In this caso howovor somo assistanco can
bc giwvon, by doscribing tho docisions that go to make up tho plane

a) If it is a genuino numerical computation that is involvod
(rathcr than c.ge thc solution of a puzzlc) onac must.docidc what
mathcematical formulac arc to bo’usod. For cxamploc if oho Woro'
calculating the Besscl function J,(x) onc would have, amongst
othcrs, thc altcrnatives of using thc powor sorioé iﬁ X, various
othcr powcr scrics with othor origins, intorpolation from a tablo,
various dcfinite intcgrals, intcgration of thc diffcrontial cquation
by small arcs, and asymptotic formulac, It may bc nccossary to give
somc small considcration to a number of tho;altcrnativo mcthods.,

b) Somc idca should bo formecd as to thc supply and domand of the
cconomic factors involwvcd. A balancc must 8lways bo struck botwoon
tho_following incompatiblo dcsircs

To carry thc procecss through as fast as possible

To usc as littlc storago spacc as possiblce |

To finish thc programming as quickly as possibla

To achicove the maximum possiblo'acouracy
Wo may oxpross this by saying that machinc timo, storagc spaca,
Progrommers timc and inaccuracy of rcsults all cost somqthing. Tho
plan should take this into account.to somc cxtont, though a truc
optimum cannot bc achicved cxccept by chanco, sincc programmors timo

is involved, so that o dctcermihntion of thc optimum would dcfoat
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ts ovm cnds, Tho'stqto of thc markct' for thosc cconomic factors
1ill vary grecatly from problcm to‘problom. For instancc thero

11l be an cnormous proportion of problems (4O% porhaps) wherc there
s no question of waing the wholce storage capacity of- the machince,

o that spacc is almost frcc, With othcr typcs of problcm onc

ould casily uso'ten million digits of storagc and still not be

atisfiod, Thc spacc shortage applics mainly to working spaco rathor

han to spacc occupicd by thq_routinos. Sinco thesc usually have to
¢ writton down by somoono tﬁis in itsclf hos a limiting offcct.
pced will usuelly bc a factor worth considoration, though thorc aro
any 'fiddling' jobs whorc it is almost irrclcvant. For instanco
ho calculation of tabular valuos for functions which aro to bo
torod in thc machino and latcr uscd for intcrpolation, would usually
¢ in this class. Programmors timoc will usually bc the main factor
n spceial Jjobs, but is rolativély unimportant in fundamontal
outincs which arc uscd in mosy jobse Accurdcy may compcto with
achinc timo c.gs oOVer such qucstions As thc numbor of torms to bo
aken in a scrics, and with spacc over the gquostion as to whotheor
20 br LO digits of & numbcr should be storcd.

¢) Thc availablc storagce spacc must bce apportioned to various.
utios, This will apply both to magnctic and clecectronic storage,
hc magnetic storage will probably bo'mainly cithcer working spacc
r unuscd, It should bc possiblc to cstimatc thc spacc occupicd by
nstructions to within say two tracks, for o largc part will probably
Jo! provioﬁsly constfuctod programmcs, occupying a known numbor of
racks, The quantitics to be held in thO'wérking spacc should if
o0ssiblc bc arranged in packcts which it is convenicnt to usc all at
ncc, and which can bc packed into a track or a half-track or
uvartor-tracks For instancc when multiplying matrices. it might bo
:onvonicnﬁ to’partition tho matricos into four rowodAor cight rowod
quarc matriccs and kccp cach oithor in a track or a qparfer-track.
hc apportionment of the cloctronic storc is partly rulod by the

onvontions we have introduccd, buil thorc is still a good deal of

/
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"pecdom, Cege if cight pages arc available then pages L, 5, 6 can
)¢ uscd for systcmatic working spacc and may be uscd for various
liffecrent purposcs that requirc systcematic working spacc.

The beginner will do well to ask for advice concerning
blans. Bad plans lcad to programmcs being thrown away, wasting
raluablce programmers timc.

d) If qucstions of timc arc at all critical the 'plan' should
includce o littlce dotailod programming, i.¢. the writing down of a
oW instruotibns. It shoﬁld,bo fairly covident which opobations
wro likely td consumo most of thoe time, and oftcen thosc will consist
f a small numbor of instructions ropcated agnin and againe In
shosG cascs the fow instructions in quostion should be writton down
50 as to give an ostimato of the timo, and holp dccide whothor thoe
plan as a wholc is satisfactory. Vory>oftcn tho 'omission of
sounting mcthod’ should bc applicd, ‘

¢) If onc cnnnot think of any way, good or bad, for doing a job,
1t is & good thing to try and.think how "onc would do it oncsclf with
oencil and papere If onc can think of such a mothod it can usually

e translated into a method which could bo applicd to thc maching,

(ii) Broak thc problcm down. This in offcet means to docide
vhich parts of thc problem should be made into definitc subroutincs.
The purposc of this is partly to make the problem casicr to think
wbout, thc rcmaining work consistinngf a numbcr of 'limitod
objoctive! probloms, Anothir rcason for brcaking dowvn is to
facilitatc the solution'of othor problcms by thc provision of usoful
subroutincs, For instancc if the problcom on hand werc the
calculation of Besscl functions and it had alrondy boen docided to
usc the difforontial cquation, it might be wisc to makc and usc a
subroutinoe for thce solution of lincar sccond ordor diffcrcntial
cquationsa This subroutinc would in gcncral bc uscd iﬂiconnootion
with othcr subroutincs which caleculatc the coofficionts of the
cquation,

(11i) Do_thc programming of thc ncw subroutincs. It is botter

to do thc programming of the subroutincs beforc that of tho main
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routine, bcecausc thofo‘will bc a number of details which will only
e known after the subroutiné has beoen made, c.ge scale factors
wplicd to the rcesults, number of pages occupicd by the subrouting,
>t ce It also frcequently happens in the making of the subroutine
hat somc rclatively sﬁall chﬁnge in its proposcd propertics is
ljcsirablc, Changcs of thesc details may put the main routine
seriously out if it wdro madc first, Therc 1s a dangor that this
procedurc may result in onc's 'not sceing the wood for tho trcoes',
out this should not happen if the original plan was woll thought out,
'he programming of cach subroutinc can itsclf bo dividod into parts

a) As with programming a whole problem a plan is nceded for a
subroutinc.s A convenicnt aid in this is the 'block schomatic
lagram', This consists of a numbecr of operations deseribed in
English (or any privatc notation that the programmor prcfors) and
joincd by arrows, TWO arrovs ﬁay loave a pointfwhuro a test
occurs, or morc if a variablo control transfor numbor is uscd. Notcs ﬂ‘g
nay also be made showing what is tested, or how many timcs a loop is i
to be traverscd (sco pe bb)e i

b) Thc operations appearing as blocks in a) may be rcplacod
by actual instructions, It is usually not worth whilc at first ‘to f,
sritc down morc than the last two charactcrs of the (presumptive)
instruction, i.ce tho B linc and function parts, Thesc arce quite
cnough to\romind onc of what was thce purposc of the instruction.

¢) Onc may thon writc the instructionls into a bago, dcciding
at the samc timc what arc to bc the addrcsscs involvod. somc of .
the fincr points of this arc describoed in the 'hints! in the noxt
scetion, ' | ’

d) When tho programmc is complotc, chock shects must bo madoe
This process has alrcady boen describod (pe 11). It is ofton
advisablc to start making chock shcects long boforo the programmc 1s
complcte;, onc should in fact bogin tham as soon as onc fecls that
onc has got into a muddlc. It is oftcn possiblc to work out most

of thc programmc on the check shcets and aftcrwards transfor back’ onto




65,

the pagc or pages of instructions,

iw) Programmc thc main routinc, This follows principlcs similar

to iii),

Of coursc thesc remarks morcly reprcsont onc possible way of

doing programming, Individuals will no doubt vary as to thc mcthods

thoy prcfaer,

16« Programming hints, ' | - &
This scction consists of a number of dctachod and rather

trivial tricks and prcecopts, which aroc nc#ortholoss considored worth

7hilc having in writing, | ‘

Manoovring spacc, It is soldom that onc writes down a page of

instructions for the first timo without hgving forgotten a'fcw vital
instructions. It is thorcoforc consgiderod dosirablc to aim, not at
agcs which‘aro.chock~fu11, but say at bnos which arc about fivu-
six#hs full, The cxtra spacc i1s best loft between scquencos of
onsccutive instructions, so that one scquencc may be oxtendod
'ithout intcerforing with anothor, Tho spacces can also be filled f%
ith numbcers if desifod, when the discovery of mistakes calls}for §?

¢trcnchment, In this conncection scc a&lso sandwiching. Anothor

scful way of using roscrve spacc is to put in a number of dumny stops
r of timc wasting instructions, or hoots. The latter provide

rhythm clicks' which arc very informative concerning the pfogroés of
he routinc,

Do programming dircctly in tclceprint codc, It is nevecr too soon

0 learn tho mcanings of th¢ 64 functions. The way to do so is to
tart programming in telceprint codo straight aAwaY e ‘Keop a list of
he moanings always at han@, and rcefer to it as much as you wish:

ou will find that after a woeck #ory few refercnces arc necossary.

ou will not yct know all the codes, but you will know a 'working
oclection'!s  Likcwisc you will cventually get to know the teleprint
quivalents (p.3 ), but this is likocly to be slower, chiéfly bcecause
t 1s lcss ossnntial $o know thom, Although tho lincs arc given

ames which arc in tcleprint cods, and which also corrcespond to
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nunbcrs, for many applications particularly thce oncs which do not
usc 'systumatic storagc spacc'y it is not nccoessary to know
anything conccrning thce rclation of thosc 1ab¢111ngs, or cvon to
have very much to do with the numbers at all, Thc namcs of the
linces arc just uscd as labcls, Latcer it will bc desirablc to know
the tcleprint cgquivalonts of the singlce characteors by hcart, but it
is ncver necessary to know tho cquivalcents for pairs of charactors,

Counting proccdurc. Onc of thc commoncst opcrations is a

scquence of instructions to be repcatecd a given number of timos.
Somctimes the scquence is in two successive parts of which pho first
is to bc omitted on thce first round
a) Casc of amission. Tho counting proccss may be donc in the
B tubc c.ge in B7. The repetitive part‘should'profcrably bo
programmed as follows
(Reduce contont of B lan by )& |
- First part of scquonce {
—— - Scoond part of scquonco | %
(Reduce content of B linc by 4) :

Test (/T) e
! :

Thc arrow from thc left shows how thce . loop is cntcrcd, by a control
transfor (cege /P)s The B ling must £irst have buon sot to an
apprdpriatc valuc, 'The valuc choscn depends on the number of times
- the operation is to be repcated, and also on whorc the roduction of
the B linc is donc, It is intcnded that only onc¢ of thc rcductions
shown should bc donc, i.c, onc of the brackotod_linos must bc struck
oute In whichover placc it is put the number of timos the reduction
occurs will be groatof by onc than th¢ numbcer sct in tho B'lino, if
(as probablc) tho latter is loss than 217,

b) Casc of no cuission, ~ The control transfir may be omittod

thus
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Sct B linc

Reduca B lino &

Soquecnce

i
. )
Tcst —_—

The rulo as to tho numﬁér of rcpctitions still applios:

It is frcquently dosirable to subtract somcthing othcr than 1,
This may bc bececausc the number of rcpotitions is the rcsult of a
computationy and is given with somc factor applicd, Ce.ge & powcyr of
tWoe Altcrnativoly it may bc dcsircd to savc a linc By sotting
the B linc with somc qldntity alrcady availablo, cegs to0 count
12 onc might sot GC/J into tho B tubc, and subtract ///E, tho
‘formcr being supposcd an instruction which is uscd in ahy casc, the
latter availablc in PERM.

Discrimination by control transfor. Whon two cascs have to bo

given quitc differont trcatment, involving difficrent soqucnocs of
~instructions, it is natural to choosc tho rcélovant ‘scquonce by a
tost instruction (i.c. conditional transfor /T, /H, /M, or /O).
When therc is a large number the best mcthod is to manufactufo a
control transfcr numbcer which will lcad to tho appropriatce soqpénco.
A good cxamplc of this is in tho input programmc whorc the six
warning charactcrs have to bc given six diffceront troatmonts}-and
the rcmaining twonty—six arc given a sovonfh. This is dcalt with as 3
follows, If ol is the charccter in quostion & /// is sct to B6,
and the instruction //IP givén.~ The lincs // to &/ contain the
soven control transfcr numbers approbriato to tho thirty two-
possible valucs of X and the scqueonco rcquircd is immediatoly

cntercd,

Thc B-tubo as shunting station. When tho B tubc is uscd for tho
transfer of 20 digits from onc short linc to anothcr, and both
locations arc fixcd and known to thc programmocr, thoré is no
difficulty. Tho~difficulty ariscs when onc of tho short lincs is
in an indotorminatéqposition, isCe onc computcd by thoe machinc, for

it is usual to kecp such indeterminatc positions in a B-lino, and




theinstruction involved will thorceforo presumably have to rofor to
two B-lincs, onc being the shunting station, the other describing
the indeterminatce position. To bc morc specific supposc that a
quantiijy oL(’a can ?asily bo dctermined and that it is dosircd to

sat L o {sL & EJS : LO“]S « How should this bo dono? The
instruction OK Q@ O  will cffoct 37'= @W]g « Wc nced to follow
this with L—N/%C—'l; * '1}7 , which con bo achioved olther by tho
instruction G 7Z whon R{=z dapE/ orby G:..2 when
’Bé;y(g,z / . Therc 1s a school of thought which maintains
that a' diffcrcence beotween presumptive and actual instructions in
respeet of the function number is to be deplorod, and that tho
formor instruction is therceforc to bo preferrcd to the lattor, The
instructions TT, T’Z, TL werc introduced in deference to this wviow:
thoy do not improve spcod or rcduce spaco, but thoy may savec a littlo

programmcr's timao, Whon doing thc roversc procuss; Cege sotting

P / — —
L 0"‘1. = t//'rr G _! S_i:hca situation is usually rathor simpler. Onc

can sct '5’7’: ot/.‘. /7 and follow this with &G - &G T and Ok ®R |
-~

) ) = S l.o e S ! -
oo 55 [apT o~ Lx S 1y ot Loy o3
. is achicwved with T €= o//3 //and prosumptive
instruction XS PZ,

Omission of counting.i If thc opcration to be repoated contains

rather fow instructions c.ge. thrcc, and is crucial for tho speod
of thc wholc proccss it may be best to omit the instructions
concerned with counting and to rcpecat the instructions of' thec
process in question the roquisitovnumber of timcs, Somctimes the
number of rcpctitions may bc the rosult of caleculation, but cven
then the omission of counting mothod may still be appliod, tho
numbcr of rcpctitions being controlled through a control transfor
cntoring the scquencce of rcpcatced oporations at the appropriato
point, | ‘ ' -

Altcrnative cntrye. It is often ncccssary to have a numbor of

routincs diffcering in ccrtaln minor particulars,: One would like

to usc csscntially thc samc instructions for all of thame Tho most

68,
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convenicnt mcethod scems $o be to usc onc asscmbly of.instrucbions,
with various points of ontry. Tho cucs of thosc routincs will thon
diffcr only in their first ten digitse

Changing sign in _bthc accumulatore Thc instruction DSTJ has the

cffoet A '={F"' Al kxfl“oh for MOat purposcs is as good as
RS nh*E which can only teo achicved in two instructions, or
morc if 80 digits arc rcquircd,

Twcnty—digit‘numbers0 It i1s of'tcn sufficient to spccify'tabular

numbGrs to twenty digits only.  Onc might for instance wish to

havc wvalucs of 238 log n for n from 41 to 32 with an error of not morc
20
]

than 2 This can bc achicved by putting oeg, l_/ -*'“] {jr '“J

Thon [/'I\.. M-l] = 2_,3 t.(cf no+ @(220)
. +_ :

Clcaring the'accumuldtorc Thce boginnor is liablce cither to lcave:

N

things in thc accumuiator to get mixed up with the next calculation

or clsc to put in accumulator clcaring instructions which could Qasily
have been avoided, In fact it is very scldom nocossary to gi&o a
spocial *nsiﬂn tion for clcaring thc accunulator, if the points

bclow arc born in nind,

(a) Instruction TA clears thc accumulator as wcll as transforfing
L to storo, If both halves of the accumulator arc rcquired to bov
storcd onc can usc /U “swicc and thc accumulator will be clcarcd.

(b) If an oxpression of form & + be is roquired and tho
accumulato:r is not clecar the term & should be put into the
accumulator first, This applics if the final valuc rcquircd will
be in L.

(c) Whon doing multiplications with rcsults taken from M it is
not nccessary - 4o cicdr thovwholo of thec acdumulator in advancc, but
only M, The maximum ¢rircr Will be 41 in cither casce: the mean
squarc. crror will bc onc third with cloaring but only onc sixth
without, If the resul®s arc taken out with /A thon M rcmains clcar
for another multiplication,

cosurcs. We havc cxplainoed that tho

s

-t

Elcctronic spacsc_csonomy
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ceconcmising of insiructions in order to rcducc tho spacc occupiod
in bLho magiuosic store ic scldom worth whilc.  Thorc arc howovor
occasions whon i% is worth whilc to pconomisc thom to savo spacc in
the clectronic storee This is ncarly alwdys in ordcr to gct the
instructions cithor into onc page or into two pugcs, To do 80
maizes tho routince tidier; and usually has time~cconomy offccts,

For instancc a onc-pagc routine may be combincd with anothcr onc-
page. (master) routinc which uses it again and again without losing
time over magnctic transfersa In thesc cases‘thc two routincs arc
ablc to be in the clcctronic store ﬁogether, onc on onc page and
onc on vhe cthere This cffcet can also be achicved by the
disagrcceablc device of borrowing part of thoe systomatié working
spacc (if availabib) for part of thc master routinc, If a routinc
occupics morc than “wo pagos then (unless the same objcctionablo
shift is rclLicd orn) it must “involvo magnetic transfcrs, and
consoéuon% Lloss of ﬁimoo-; To somc cxtent then tho considcrations

I3

. - o 3
mentioncd under 'mancovieing spacce! may be overrulod, though thoy

generally apply for routincs of thrcc or morc pagos. Somo
possiblc cconomy mecasurcs arc described belows
OFf coursc ar cconomy measurc which simply rcduccs thc numbor

of instructions in a- dtraight scquence will normally bc a timo
a

cconomy as woll, wo have montioncd two or throe devices for keeping

the pumber of inshructions dovn, but this will mostly be lecarnt by

cxpericncce.

Duplication of usc of linos. Thc chicf spacc cconomy measurc
available othoer than reducing tho numbor of instructions is the usc
of a line for morec than Onc pPurposScCs Onc or two forms of this have
alrcady been mentioncede T+ is usual for instancc to usc
addrosSloss instructions (p022§ also as control transfer numbers,
Lnother casc was mentioned under the heading of counﬁing, No
attempht can be made to list all such devices, but there arc a

numhe» asscciasted with control trahsfer numbers, Thesc arc
sufficicntly numerors +that it should nearly always bc possiblo to

avoid uelnz ony lince speclally for centrol transfor numbors, To

i

fl
¢
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malte a point of c¢eoing c©o iy cascs where it is not strictly noucoessary
is hevever stroadly to Do discouraged. as liablo to lcad %o
a ncst wagielul Uuso of pecgramncers time, Tac methods alroady known

o he availablic arc mentioncd bolow.

Nelad {f a (skhoru) linc is sandwichcd betweon two soqucnéos
of 1nstructioné, the inou;uCulon which uscs “hat short lino can also
bc uscd as a control ﬁransf“r aumber for the beginning of the later
scquence of instruchions., A long lino can only bc used in this way
if it onds with a pair of charactcors rceprescnting a harmless
instruction, Lincs cnding with T£, Z&£ye..s ££ are almost tho only
suvitablc oncs, |

*Positioning of dwtmy stops, If a dunmy stop or othor addrosslcss

instruction ho placed Zmmediately beforc a *junction', {(i.c. an
instruction to which a control transfer is made, but which is not -
the bLeginming of a ghraight soquencc) then this addrossless
instruction may be uscd as s control transfor number in thoe usual
way, and the coatrol trancfer instruction may also ba uscd as
con;rol sransder nvmpo» for She transfer to the junctiona This
position will not nowerer elways bc suitable from other points of
vicw,

Relative control transfors, Relative transfers (c.g. /Q) arc morc

troublesomc te vsc than the ebsolubc oncs, but provide a sccond
string. hc ncccessary relavive transfer nunber may sometimes be
found in PERY, or If pari of the routinc itsclf is being uscd as

gpcecial working spacc, it may be found in thce routine itsclf,

Inaccura®hc numlcrs Tf a linc pair is rcquirced to bo known to morc
than ftwenty Lut less than thirty binary digits, the first two
characters of +thc line poir vscd may bc changed to a control transfor

nunber, Likawrisc 1f a nunbor is roguired to loss than ten digits
& conkrcl Lransfcr nmiber 12y 21s0 be conccaled in it
Changsgling Insiruchions. This is another spacc oconomy mcasurc but

not coneccorncd with control tronsfor numbers, Supposc that thc samc

scqueoncce o iastrustions is te Pe uscd twice in diffcront conncctions,




12,

hut with one insi»uction chanazde It may be worth whilc to usc tho
samc acsual scquoence of inshruchions. The troublesomc instruction
may bo aitored with a B linc c.ge 1T the two cffcects rcquired aro
IKT: and IZTH shey may be achicved with the instruction IEZL, BY
naviag as contcnu citnee /C// or /C/S,

Wholesale rcciprocals. A fow devices which arc almost purcly
computational, having littlc conncction with the machine, may also
be montioncd, Ccnc of thest is a method of obtaining reciprocals

]

whon a nuJb"v arc oettieel &t one2e The simplest case is whore two

-14 - - e 03
arc rcquircd Cog~ & ' and b 43 Onc can got them with only onc usc

of the rcciprocals routinc, using it only to obtain (ab)"1 and

multiplying by b or by a o obbain a~! or b”1¢ Any number of

rociprocals may bLe obtaincd in a similar way with only onc usc of

the rceciprecals rowiine, bubt all the numbors to be inverted must bo

known pcforc any rccivrccal  can bd obtaincd, Best accuracy is

obtained if the nusbers are brought to ‘standard form! ieOo‘tO betwoon
and 1 bofcre the ﬁrocoss is applicds |

i

Tehebyshoff polynowials,  The number of %orms to be taken in a powor

scrics may obton bo roduccd by the use of Tcheobyshoff polynomials,
The Tchobyshoff polimomial T (k) ofl docgrco n is given by
[~ VYL
y (@)= | ; Ta (cos O )

It has thc propcriy bhu* vhz cocfficicnt of % 1s 4 and tho othecr

cosn @ (nyp0)

ocfficlicents arc ch0501 so that the maximum modulus of the polynomial
over the interval {=1;%1) shall be minimiscd,  The resulting

s _— - ! . .
minimum-maximom hes the vaiue 2° °, <The application of thcese

polynomials to the cslculation of power sorios'ié that onc may rcplacc
a terim ax™ (-1 x 1) by a(z? - T,(x)) which is of degrce n=1, with
an error of at most\21'na, as caaparcd with an crror of a, which

would occur i tho torim werce morely'droppod° In shc casc that the
rclovant range is O§ x g 4 (whigh -arises by-a- -cukstitution-when—odd—er

even—Suncticns-anc-to-he colouiated) onc rceplaccs a x by

a(x - T, <£:1))p 4ith an orror ab mosh 2 oha,

mhe cooffl cicats of the poiynowtials may boe calculated by using
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the rccurrcncc rclations

To(x) = 1,7, (x) =%, T__,(x) = x Tp(x) = % Tpq(x) 1 >1
and if wo put V,(x) = Tn(xgi) its cocfficicnts may bo calculated
from ' S

x+t x+1 - 4
Vo(x) =1, Wy(x) = =5 Vi (%) = -5 V,(x) - I Vg (x) n 1

A number of thc polynomials arc given bolow, -

To(x) =1

T4(x) = x

T, (x) = $(25-1)
T5(x) = H(ux3-5x)
1), (%) = §(BxH-8x241)

= erBn0x3
T5(x) = 16(16;: 20; +5x)

Tg(x)

'3%(32x6—8xu+18x2-1)

T7(x) = g%(6ux7-112x5+56x3-7x)

6 L

Tg(x) = ?%3(128x8-256x +160x H=32x241)

il

Tg(x) 5%3(256x9—576x7+u32x5—120x3+9x)

17+ The official account of a routinc.

Here we mainly asscmblc what has been said about the official
account of thc routinc elscwhoro in the handbook, - The account
should includc

(i) Thc name of the routinc, The length of this must not
excccd 25 charactcrs, and should aim at about cighte It should
preferably be prdhduncablo, and give somc indication of tho purposc
of the routinec, ‘

(ii) A short description of the purposc of the routino in goncral
torms in English.

(iii) The cuc, or rather the 'skclcton cuc' and-the;principal
lince /E and /h. The ewe consists of forty digits madc up as

follows.
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(a) First ton digits, This is tho control transfor
number i,c, 1 lcss than the name of the linoe in which tho routinc
starts,

(b) Digits 10-19, Th¢ !'ehook dhara@tonn".,' Thoy arc
given by the valuc of 1025 ('[/E] *—EZHB +} :z when the routine
is first cntcrcd, For two pago routinos this is detormincd by
the 'principal lines; /E and /A of thc routinc itsclf, and is
independent of the context in which it is useds This will also be
the casc for onc=page routincs with falsc ouc occupyiné pagec 1.

In thosc cascs digits 10-19 of the cuc can bc given in tho offi;ial
account. In othor cascs, viz, pagc O routinos and pagc 1 routincs
with truc cuc, thosc digits must be left blank, They have to bo
filled in aifforontly in difforont applications. Tho information
rcquired for tho fiiling in consists of thc principal lincs (/B and
/i) of thc routino in qucstion and tho routinc from which it is
rocachod,

Somctimes a roﬁtine will have a 'variablo' or 'undotorminod!
subroutinc, i.c, onc which is not docidod'until aftor the routinc
itsolf has bceon complotod. This occurs for instancc whoq gn
undcterminod function is involved, Cege in calculating.jf f(x)ax.

In such cascs tho function is dutorminoed by a subroutinof and tho
subroutinc i= given through its ouc,

Thosc variablcﬁsubroutincs will bec subjecet to numorous
rcstrictions imposéd by thce master routinc, c.ge ccrtain storc 1inos;
usod by thc master routinc must not be uscd by the subroutinc, and
the rcsults must be givon in a spceificd forme  The account of the
master routinc must dlsoAspocify its own principal lincs at tho timec
of onpcring the subroutino; in ordcr that the cuc of thc subroutino
may be doterminablo.. Thesc principal linos will bo prosumcd to bo
tho samc as applicd on ontering the mastor routino unloss othorwisc
Spocificd, | :

(¢) Digits 20439. These determine the magnetic transfor

Which will bring thc routinc to pages O, 1. In tho casc that
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digit 39 is O wc havo what is callcd a truo duc, and thosc twenty
digits arc simply thc magnetic instruction which has to bo oboyod.
If howover digit 39 is 1 woe have a falsc cuc, and thcsc twonty
digits merely tell us where the magnctic instruction of tho truc cuc
is to bc found. The last ton digits, with the final 1 rcplaced by O,
give tho number of tho track in which it lios. It will bo in the
rééé% half of thec track and thc rcdmaining digits give tho linc in which
the requircd magnetic instruction will appoar if the half track in
qucstion is transfcerrcd to p O,

If onc is concorncd with thoe falsc cuc of a one page routinc
using pagc 1, the chock numbcr can be given without qualifying phrasc,

by using onc's knowlcdgoe of tho dontent of thc appropriatc linc of a

cuc~bcaring half tracko onc may take it that {/A]+ # track number,
’ £ ottt ik g g

_ (But more oftén these
routines will come to pO or will bring their partner pages with them,

It is always recommended that single page routines be given an
alternative cue which results in boﬁh halves of its track being reade
This is the easier alternative to use in cases where the routine is
not used in conjunction with another pne~page rbutine;

Routines will often have a nﬁmbeé of cues corresponding to
alternative entries, | A |

(iv) The effects of the routine must‘be described aécurately,.so

far as they arc known or considered of interest. This will often
consist of equations or incqualities relating the states of the
machine immediately before entering and immediately after leaving the
routine, It must statc conditions of validity, accuracy of rcsults
ctce. yand should make somc statement of the time taken, Thosge lincs
of thc storc which arc altered must bc montioned, if not onc of
GK,MK,VK>or on pO or pie It is important at this point to rcemcmber
to includc the lincs altered in subroutincs, B linces othor than
B7 which arc alterced must bc mcntioncd, . |
(v) Somc account of the mothod should bec attomptod if this is not

obvious, Unusual tricks (c.g. unusual uscs of tho B tube) should be

pointcd out,
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(vi) Thc subroutincs uscd should be listod, ° Thoso ncud only
bc thc subroutincs diroctly ontcrcd from the routinc, If 1t is
rcquired to know thce indircetly cntorcd subroutincs this information
must bc obtaincd indircctly.

(vii) Thc namcs of the tapces rcquired in order to put tho routine
into forcc should be listced, It will usually be the caso that a job
uscs many subroutincs in scveral different ways, SO that‘tho list of
tapcs rcquircd will have many duplicatcs, Therce will also probably
bc many whosc conteont is known to bc airoady storcd within tho
machingc, TO save space theroforc we givo only thce titlos of the
tapcs in thc official account of thc routinc. Additional data"
about the tapcs must bc found olsowhoro._

(viii) It may happon that tho routinc uscs ACTION as a subroutinc,
In this casc the controllcr is rogquircd to take ccertain action
depending on the printced output, Thce considerations governing tho
choicc of action must beo cxplaincd somcwheore, prcefcorably in the
account ofvono of thc routincs. It will usually bc tho casc that
the 'descriptive word' which doécribos the typo'of action is handcd on
from routinc to rqutino wmtil it is cvontually printod by OUTPUTA
undor ordcrs from ACTION. The cxplanation will usually bo given in
the routinc from which the word originatcs,

Official accounts of a numbcr of routincs are—-given-with-this---
nandbooks  will At Swnesl Gl
18+ Tapcs.

Tapcs may bc classificd in a numbcer of ways.

1) They may be titled or not titled, i.c. thoy mey or may not
start with a Q=scqucncc. Untitlcd tapes arc somewhat to bo
discouragcd, and the cbnvontion that untitlod tapcs may bo destroycd
is undcr considcration.

2) They may be 'input', toutput', or ‘othor purposc' tapcs. |
If thc printcr is being ﬁsod thero is littlc point in output tapos
oxccpt.whoro thoy arc to bc uscd latcr for input, oithor~as thoy stand,

or aftcr combining with othors in a copyilng procosse
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3) Input tapos will ncarly always bo.usod in connéetion with the
rcgular input routinc INPUT, Therce may however be a fow 'irrcgular!
input tapcs, These arc likely to be chiofly uscful whore singlc
charactors arc significant standing by’thcmsolvos.

L) The most important tapcs using the routinc INPUT arc
'writing tapes' and ' job-stcering tapes',

Writing tapcs. Thesce tapes arc the standard form of st orage for

routincs and othor largc blocks of informatinn, Onc tapc is madc for
cach half track, and takes the form
Q (titlc)
KnK@///%+ (magnetic half cuc) or KiKe//E} (magnotic half cuc)
KPK (check sum)
Y
(punching proper)
Z
The titlc cocs not require much cxplanation, It must be proeceded
by thé character giving its lcngthe Thc magnetic half cuc is
similar to thec sccond half of thc cuc of a routinc, It dotcrmincs
the track in which the material on the tapc is to be stored in
cxactly thc samc way as the sceond half of a cuc off a routinc
dctermines the track.from which the routinc is to be rcad. In thc
~casc of a routinc morc is givon viz. the wholc magnetic instruction
rcquired for that rcading. In thc casc of a tapo tho rcmaindor of
thc magnctic instructimnvis given in the carlicr part of the

o
'destination sequence's  This is KaK@///i for tapes/<estincd—for-a

»

&{\f dnnel efn. T e f»ruebb and l\ﬁK@//ET;, ’m"(j','ccb Conerfon o Axé;«&vf‘ /fw P&}Cb
1eft—half—bpaelt,—KiK/A H—Por—encs. inca-Lor—pight—i 'if'—trraeks\.ﬂ

In thc casc that the tapc is uscd for a routinc thc magnetic half
cﬁc will normally bc idontical with thc sccond half of the cuc of
the routine, though this will not apply whoen the routince is storcd
in morc than onc track, |

Th¢ punching proper results in transferring cortéin
information to page L4, the 'systcmatic working space!, It will

normally bc punchcd with the 'J!' mecaningful scgucnccs.
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The check sum is the sum of the long lincs of page L after
the punching proper has.passed through,

The writing tapes arc intended for usc with the routine
WRITE, If this routipe is centered when the beginning of a writing
tape is in the input, the titlc will appear in the output and the
information in the punching proper will be writtcen in the
appropriate half-traclk, aftcr a nuiber of prccautions have been
taken, including a check on the track-seclection mechanism,
verification that the correcﬁ chcck sum is fonmed,vand a check that
no digits were altercd in the writing processe  For further
information on this routinc its official account must be eonsulted,

Writing tapes‘should normally bc produced automatically
from information within the machinec,. The routine for this purposec
will shortly bc available, but details arc not yct known..

It is intcnded that .a typoﬁritton list bc kopt of all tapes
with thoir titles, destination seguences ahd cheek sums, 1,06,
esscntially all of tho tape cexeccpt the punching proper,

Job-stearing tapcs

i

It is convenicnt to usce INPUT, in combination with an appropriatef
tapc, as a mastcr routinc for a job. In so far as the master
’routine is non-rc¢petitive this is no slower than putting a mastoer
routine away in the magnctic storc and then centering it.: The
advantagcs of this méthod, whon‘applicable, aro

1) The statec of progress visiblc to controller through
position of tapc. |

2) No nccessity to assign magnctic or cloctronic storagcs,

%) Subroutinces can bc entcered with less formality by
using mceaningful sequences Y and Z.

L) Writing operations are avoidcod.

Even whon a certain amount of rcpetition is involved it may
bc less troublc to have rcpcetition Cege by copying on the tape
rather than to attcmpt to producc a routinc in which the rcepetition

is achieved by passing through the samc instructions again and




79:

again, An example of this 1s deseribed in tho appondix (p.c‘L_).
ixercisc
Suppose that L£LABF/LY is the cue of a routine &hoso cffaect
is givon by £(]/cl) = [:C|', and docs not altor any long lines, cxcepi
the conventional oncs and;?CL producc a job stecring tape for
printing out thce valucs ofuf for six givon:argumonts. Usc QUTPUTAe

Dircctorics.

The twenty digit rows that arc put into a cuc~bcaring track to'
assist the routinc changing scquence in turning falsc cues into truc
cucs may be callecd 'tapc addrossos'. For cvery job it is ncccssary
to assign an addrcss to cach tapc involveds The list of thosc
addrossqs or dircctory has to bé pﬁt into thc cuc bearing tracks
(which should We very fow) before the job can bogin. This proccss is
ccrtainly somcthing of an imposition. It is hoped that it will be
possiblc to have a small numbcer of standard dircctorics of which ono
will Dbe. suitablc for almost any jobe - Thosc routincs which arc
spcclal to the job may bo givon truc cucs and will not nccd dircctory
cntrics,

18, Chccking proccdurcs.

A varicty of causcs may'load to wrong rcsultse The chicf
of thom arc
Machinc brcakdown, i.c, systomatic crror
Intcrmittent machinc crror
Wrong programmcs on papcr
Wrong programncs in magnctic storc, i.C. disagrceing with
paper .

Fingcr troublec i.ce Crroncous usc of controls

Mcasurcs conccrning machinc brecakdown. Ilachinc broakdown usually

shows itsclf vcry clcarly, In any casc thc mecasurcs against

intcrmittent faults arc also adoquato'for dectceting most brcakdowns,

Mcaswrcs against intcermittont crror, This is onc of{tho most scrious

probloms about the machinc, and cortainly the most cxasporating.

Scvcral kinds of action arc taken about thesc orrors. ' |
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(a) Before using thu machinc a daily sequonco of test
routincs is run through. Thesc arc designed to try out overy
facility of thc machinc, though not in cvery combination: they tost
the storing power of the individual lincs of the clcetronic storc
and thc magnctic transfcers, All corrors arc countcd, If cach test
}outino will run for fivc minutcs (say), without crror thc machino
is pronounccd scrviccablc,

(b) In any calculation, idcntitics should bc looked for and
verificd in the computation, cege if both tho sinc and tho cosinc of :
an anglc havc been obtaincd their squarcs should bc addcd, and tho |
maching stoppcd if the rcsult is too far from unity.

(e¢) It is as well to try to dividc a calculation up into |
Parts which take sufficicntly littlc timc that the probability of an |
crror having bocn madc is rclatively small, ce.ge lcss than 0.2, If
the calculation is thon repcatcd and the same anéﬁor obtaincd it is
rather strong covidencc that the machinc madce no mistako on cithor
occasion, |

(&) It may bc impracticablc to take thc coursc outlincd in ‘
(c). It is thcn probably nccossary to divide the working spacc of
thc machinc into thrcc cqual parts A,B and G,saycither of which would
bc sufficicnt for the job if the machinc did not makce crrors, The
computation is all donc in A, and is divided into 'bursts'. Lach
burst rcprcscnts an attompt to gct through a part of thce calculation
without crror, and moy bc rcgarded as the computation of a function
£(A)e @ne procccds as follows

Copy A into B and C

Compute f(A), possibly wrongly, 1oaving rosult in A

Intcrchangec A and B’

Agaln computo f(A) loaving rosult in A

Cbmparo A and B. If there is agrocmont procced to
tho noxt burst. If not éopy C back to A and again gomputo g It
it still disagrccs with B, copy C back to A and go back to tho

beginning of thc work on this burst.




“When the bursts arc donc in this way the working spacoe ic
rcduccd thrcecc to onc, and for manyjobs this will bo a fatal objcetion,
Usually however it will beo possib}o to apply thc burst mothoq mopc¢ or
loss 1ocaliy,-i.o. to dividc thc problem up into'parts which altcr
only a small part of thc storc and apply the bursts mcthod to thesc
parts,

(¢) Certain particular prdgrammod checcks may bc mcﬁtionod
hofo. There is a cheek on punching in the input programmc, It
charactcers not representing numacrals arc punched for numcrals the
machinc Will stope In the routinc changing scquence thoerc is an
arrangcment for verifying that tho right now routinoe has beon contcrcd,

The cffcect of this last prccaution, and of many othcr
programmcd checcks is not so mﬁch to letlono know that something has
gonc wrong, as to-lct onc know it sufficicntly carly to avoid
disastrous conscquences (Cege Writing transfors), and to attompt somc
sort of diagnosis of thc troublc, 30 scrious an crror as cntering
a wrong routinc is almost ccrtain cventually to have very noﬁidoablo
cffccts,.

Mcasurcs agalnst wrong progranmcse. We have alrcady doscribed the

proccss of making‘dhock shcectse If thc initial conditions arc
carcfully choscn ncarly all thce crrors of tho programﬁo willl bc¢ shown
up whon moking the cheek shoets, 1f this is donc conscicntiously,

Onc should aim at forgcetting, whilst making the check shccts, both‘tho
purposc and thc mothod of the routinc: +this tends to prevont onc
from writing down what onc thinks an instruction should do, rathcr
than what it reaily does. No doubt a collcaguc would bc ablc to
adopt thce opcen mind better than the programmer himsclf, but hc would
be in danger of having such an opcn mind that hce accepts cverything
that happcns without qpostion and gocs on very far beyond‘tho appear-
ancc of programic crrops. A possiblc arrangecment is for the
prograrmcr ‘to makc up check shcets and copy every toenth linc (say)

to blanlkt sheccts which can_bo passcd to a collecaguc, for him to fili

in the intcormediatc lincs. Thc chicf rcasons for crrors not boeing
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noticcd at tho chock shdot stage arc

(a) Proconceived ideas

(b) Insufficicntly many cascs cxamincd

(c) Meking altcrations in the foutinu in the middlc of tho
cheek shect work without verifying that.tho carlicr parts of.thc
chcek shooﬁs arc unaffcctod. L%kowiso altering instructions on
chceck shects without aiso altcring the routinc.

(@) Incorrcct magnctic transfers |

(¢) Incorroct control trahsfcrs, particularly 'failuré to
subtract 1' and confusion of the control transfor numbor with its own
addrcess, '

(fj Failurc to obscrve all tho dotails of subroutincs, Nonc of
the instructions of a subroutinc should b shown on the chock shcets,
Thce subroutine should ﬁo trcated somcthing like d singlc instruction,
whosc bproportics aro given in the officiai account of tho routinc,

A spocial dangor is that onc may not noticc thc linos uscd in tho
subroutinc, Every such linc should b¢ noted on the chock shocts

in Column 4. In ordcr to rcducc the danger (b) onc should at lcast
arrangc that ovcr& instruction of thc programmc appoafs somcwhore on
the chock shceots for somc cascCs onc should alsm mako surc that all
the points of difficulty that wore considorcd in thc construction of
the programmc arc rcprescntoed,

There arc sometimes points which arc liablc to got through the
chcck shcoto, and corroupond to cxcoptlonql cascs which woerc not
conolderod by the procrammcr. An intcrostlng Oxamplo of this
occurrcd with thc obsolotc maching in conncetion with lincar
intcrpolation, On that machinc multiplication was vcry much slowcr
than other opcrations, and the timc involved was csscntially
proportional to thq»numbcr of diglts 4 in tho nultiplicre For this
rcason it was deceided to approximato N & (1= )y by
(ot 777///28) % + (- sk //////22) ?*) y. This'is a
roasonablc approximation for all valucs of(x cxccpt thosc loss than
2'10, for which it is O, The chanco of this being dotected by chock

shceects with random numbers is of coursc 2"10. It was actuaily

i



deteected becausc ?x%; O occurrcd in onc of the casc
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8 investigatcd,

A somewhat similar danger is that of 'ovorrunning the capacity of

' L ]
a linc ce.ge of applying instruction /J whorc A+ 2“OS+:> 280 54

that A; F A, + 2“08+ . This dangcr can only bc cl

dctalled invesiigation of incqualitics connceted wi

of storc lincs at various stagces in thc computation:

iminatcd by a
th the contoents

this can bec

madc to bc an investigation of accuracy also, and can in fact bc

madc to constitutc a formal proof of the validity of thc routinc for

its officially statced propertics, The accuratc no
introduccd on pp.lf"% arc a considcrablc aid in do
these necd to be supplqmontod in various ways, It

for instancc to have a notation for the content of

tations
ing this, but
is nccessary

th¢ accunulator..

Thce writer uscs the notation (y A ) for 'the content of A immediately

following thc instruction stored in GF ’ Likowis
(] & f ) rcpresont the contents of L and M at thls

usc¢ of such a notation ilmplics that tho investigati

¢ (xp [) and

timc. But the

on is rcestrictcd

to a 'straight scquoncce' of instructions without rcpetitions, and the

notation for storc linc contunts implics that no linc is altcercd

morc thah oncc, No entircly satisfactory systocm has yot been worked

out, and thc gubjcct must thercforc bc loft, It may bc added

howcvur ihat the undorStanding of the theory of a routinc ma& b¢

» groatlyyaidod by providing, at thc timc of construc

tion onc or two

statcments concerning the statc of the machine at well choscn points.

This was donc with SUMPGA (De1L4).

Mcasurcs against routincs wrong in magnctic tracks

Routines may get wrong in the megncectic tracks cither becausc

the tapcs have becen wrongly punched, or becausc of

a machinc crror

or fingcr troublc in conncction with writing transfors. Thorc is

littlc that can bc donc about tho tapcs but to takc carc in the

punching and in thc¢ checking of the printcd form of the punched -

tapcCe. Thesc crrors arc not a grcat anxicty, for ¢
bc climinatcd at the samc timc as genuinc programme

ucually smallcr in numbcer and morc casily foundes

hey-arc likely to
crrors and arc

Onco a corrcct tapc

|
1
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has bcen madc it can be rclicd on. The contcnts of the tracks can
bc satisfactorily chccked by moanslof tho ROLCAL routinc which adds
up and rccords the contents of cach of thc tracks, Thc sums may then
bec camparcd with the anticipatcd #aluos, proviously obtaincd on somc

occasion when all was well.

Mcasurcs against fingcer troublo.' e havo alrcady doscribed 'the
formal modc', which should bc a complctc insurance against finger
troublc, It is rccoimcnded that the formal mode be applicd whencver
rcsults arc, anything morc than cxporimental.

19. Bricf rcmindcrs.

very ;ittlu of what has bcon said in this handbook nceds always
to bec rumcmburcd. Tho things which arc vital aro
‘The cquations corrcsponding to the various functions
Mcanings of magnutic instruotions
The contont of PERM
The normal usc of'pagos
Toloprintor oquivalcnts . ;
' Esscntials of thc input routinc . - i
Somc knoﬁiodgo of conventions
An.attcmpt ha& been made to condensc all this information on two sidcs
of a shcct of papcr. Naturally in such a forﬁ it nccds much
intcrprotation, and all the difficult parts aro'unroprosontod. Thc
0qpations arc given in the most abbreviatced form, and somctimos rathor?
ambigﬁously. . The input progranmc is rcprcsentcd bj a numbcr of ;
cxamplcs which should bce onough to rcmind the rcador who‘has boen '

‘through thc scction on this subjoct. See Fige Ge




APPRUIDIX,
fhe Pilot Machine (Manchester Computer
Mark I

It is rrojored to“desor{be here the exnerireuts 1 mechiae
™uilt at Mahchesﬁer'ﬁnivcrsity durin;: thc neriod 19”7~19 50
usually then k¥nowm sas the '‘existing wachine' but here tn be
described es the 'pilot machine'. The descrintion to be iven 1
here will epoly %o the most recgnt form of “he machine, The
develoﬂmont of the "wchinc ws esseniiallvy in'the order used in
describing the ark IT wmechinc. There wig Tiret ¢ bab; muchine, | :
nomethingtlike the 'reduced moe chine', to which were added first a

larger variet of ™Mnctions 1nclud1nr lo;icel onersiions and a

cf-

maltinlicr with the Qecessary accompanying ?O 0ir it accumule tor.

£ two line D tibe wes sdded ut the Bame time; In a further st e
the magnetic wheel #nd the inout anad uuﬁout Were orcviuud .

\ i

Arruncement of storage on nilot mcchine., The clectronic storuse

consisted of four tubes, ezch conteining 82 lincs ‘of 40 dizits. e

The thirty-two 11nos ans c‘“ea uader one aa0uher, i.e. uhe;e was no

arrengenent in more thsn one polumn. Ine ncmes given to these lines i&
W€re //y3/ 51/ y vuves VU i.6. the first 198 non-negative even inbcgers,fu
Those 1inés which had,fhe sene sccond characﬁer “ers seid 4o Term & 'gf
-naragranh, thus a parm'i%nﬂrwmseithcr thn~u$uer or the lewer half or 2?
U tube. ?hese lines could be Aivided into halves for the nurnose nf :
us 1ng them as instructions. The left half of a line 1if used. ‘us an
~iastruction was leen the same name s thc whole line, but the right
“hsz 1f wes iven a4 neie one Ired her, e.g. vhe 1eft half of line VU

wonld form the inst ction VU and the right helr the instruciion

- £U,

Zhe B-tube had oaly the .o liacs R0 snd Bl. These were 40 diglt

lincs.

The _selection of insiruciions wss on & principle very snalogous

“to that ia the Ferrcnti macblne although &ifr erinﬂ in many details. 4

The control tube cont?inpé wwe forty digit 11uus, thc 1ﬂsuructicn ‘ Z
- | ¥
number' C beiag o1 54 line, ané the 2068 c1t ias.ructlon (actus) i

7. . N

1
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forming half of the other line or ¥.I. line. If the content of
control is observed at a nrepulse the actual instruction next to be
obeyed is obtained as follows:z

Add 2 to control

Obtain as presumptive instruction line the
(40 digit) line nomed in control, the Ffirst digit of control being
‘read as O for this nurpose.

Take the first twenty dizits of the B 1line whose
number is given in the digit 'O of this presumptive instruction line
"and the last twenty digits of the B line whose number is ﬁiven in
'digit 20, add this ﬁombinstion to the vresumotive instruction line,
and we have the actuel instruction line. The actual instruction is
the left or right half of this line according zs the I.N. 1line is
even or odd,

In the actual instruction the first digit 18 irrelevant. IFf
it is repleced ty O the first eight dicits 'represent a store.line,
which, anart from magnetic transfers, is the only one which will be
alteredﬁin the obeying of the instruction and is the only one whose
‘content is relevant to that instruction. Its content is representcd
by %,8' in the equations for the instruestions as in the Mark IT machinec.
The ninth to the fifteenth digits of the instruction were irrelevant,
and the last five formed a function. symbol, The equatiqns for the
thirty-two functions are ~iven on 0. 37 « The equations nresumed
to hold are as with the Mark II machine excent that C' = C ¢ 2
replaces C° = C + 1. The accumulator andimultiplier are as with the

\ .
Marlk IT machine, except for the times and the actusl arrangements of

-

the digits,
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Yhen nothing is stated to the contrary the equations

C' = C+?

A‘ = L+24

COMPUTER FPUNCTION CHARACTERS.

Magnetic transfer

(Time waster)

BO' = 8
Bi' = 8
D' = S+

A' = A + Ds.t

D' = 8§,
A" = A + DS,
(Time waster)
S' = L
C' = C+ 3 - sgn(Ay + %) (Test)
S' = M ‘
Duﬁﬁy'stoﬁ
P' = 1 oo

P! - O 1 in
Hooter operates
AT = A v 8

L' = .I"{, 1\{' = L

C' =8
C'=C+ 8§
AT = 8,
A = -8y
A' = 28,
A" = Q
A' = A + S

AY =M, 8" =L
A =A+24:OS+

A' = L, 3" = M

A' = h + S,

.\‘: -..v

A A St

AV = A £ S, '
‘-—D )

Al = A & St

s 8' = 8, P' = P hold.

O A . V4 *
%, 04L <2%0, o0<u<2%0 armays.
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These equations vill mostly be self=explanatory, sfter the
exolanations that have been given in connéction vwith the Ferranti
machine, Onlv, N,C,¥,K need exvlanation. These were dummy stons
“end the combinations N,C,¥,K; C,V.; T',¥; nonc; of active dummy
stoos could te chosen with the aid of three switches., functions
C and T also did duty'in connection with the output. This is
exnleined by the equetions for 'P' which is a sinsgle dizit store.
States O and 1 of this store are to be interpreted as merk and space
respectively snd signals are sent out along a teleprint line to a
ornch accordingly.

It will be seen that there are no mesns of using the content
of B-linesexcept to modify.instructions, also that when alterins
B-lines the line concerned is chosen by the function symbol, not by
the B digit. It wili also be obser&ed'that the test instruction (R)
is not combined with a transfer. It i1s usually nccessary therefore
to follow it with a‘control transfer,

Magnetic _instructions on_the pnilot machine. The magnetic instruciions

were forty digit lines. The first three characters were irrelevént,
the fourth and fifth gavémthe track, the sixth the vair of tubes,
the seventh the funcﬁion syrbel -and the digits of the eighth were
uscd sevarately for spnecial functions.
) As regerds the track number, »nrovision was mede in codihg for
64 tracks, although there were never more than 30 operative, and not
more then 15 except at the very end of the machine's 1life., The
codiug of the track number was fhe obvious one i.e., with megnetic

( 20

(T . Since there
T 4

instruction I the track number was
vere only two nartnered pairs of tubes viz tubes 0,1 and 2,3 there
werce only two nossibilitics for the tube-pair character viz / for
0,1 and E for 2,3. The functions were on a system very reminiscent

of the Mark II mgchine viz
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Digit 30 Read 0, write 1
Digit 51 One page 0, two 1
Digit 32 Scan 0, Action 1
Digit 53 Normal O, Reversc 1
Digit 34 ~ Normal 0, Check 1

Digii 30 requires no further explanation, nor does 31. 1In
connection with digit 32 it must be exnlained that the content of
the track is divided into two halves, called the scan and action
halveé, functionally very similar to the left and right halves of
the Merk II mzchine. This selects which half track is to be
concerned whean a magnetic transfer using only one half track occurs,
Normel (digit 33) means scen with left, action with right. If digit
34 is 1 we get checking whichever value digit 30 has. “hen the check
succeeds the equatibn C' = C + 6 avnlies but when it fails C' = C + 2.
There was also a four digit binary counter, indiqated with neons
Thich counted the number of failed checks modulo 16.

The spmecial functions will te described under the input

mechanism,

Times on the pilot machine., The digit periods on the Mark I machine
were of the same length (1o/us) as on the Mark II, but each beat
consisted of 45 digit periods. The majority of instructions occupied
4 beats i.e, 1.8 ms. Thebexceptions vere megnetic transfers,.taking
about 60 ms, active dummy stops (indefinite), and'multiplications.
The time occupied by a multiplicatign wes devendent gn the number of
digits 1 in the multiplier, an@ if this number as m the time wvas

2m + 7 + (-1)" beats. The aversge time for 21l .multipliers was thus
about 47 teats or 12 ordinary instructions. For multipliers which
vere powers of 2 the time was equal to that taken by two érdinary
instructions. The time in input was 150 ms per character, and thec
same in output, |

loout_and Output on pilot machine. We have slready explained how the

output.is controlled through the digit P. It mey be as well however

to exnlain the overation of a teleprinter, or rather the nature of

—"
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the signals which are transmitted down teleprinter lines. Ideally
these.signals chenge instantsncously from one voltage called mark
to another called space. The mark signal also does duty as a 'stop'
signal, and the space as a 'start’, ‘‘hen the line is quiescent,
i.e. when no meaningful signal i§ being trensmitted it is perm-
anently at mark, and this mark_is interpreted as 'stop's If this
mark gives way to space the succecding 150 ms of signal are
expected to conform to one of 32 »natterns corresponding to which

of the 32 teleprint characters are beins transmitted in that period.
The first 20 ms' should be space, revresentins start, and the last
30 ms should be mark, represcnting ston. The intervening period

ié divided into five weriods of 20 ms each. These neriods are

| associzted in ordcr with the five digits of the character to be
trensmitted. A digit 1 is renresented by mark and 0 by snace, A
certain tolerance is of course nermitted on this ideal waveform.

In varticular a tolerance of 5f plus or minus is allowed on svneeds
of transmission.

The outvput routine enabled one to nunch the content of any
lIine. It ovperated simply by giving instruction to F and C at
ao»nropriate momenté, in accordance with the above account.

An input routine might have teecn used acceptinr thce same
type of signels, but such a system would not‘have been very flexible.
It vas arranged instcad that the input should be along six lines,
Yhen a tane veas being read each character was tranémitted only for
a period of 20 ms, and these »neriods were ot intervals of 150 me.
This effect was obtained by a simnle modification of a tape reader
(transmitter-distributor), the neriods of transmission coinciding
" with the pefiods when the unmodified machine would have transmitted
the first dirit of & character, The sixth line always transmitted
1 during these periods, and wes used to indicate these perdods. A1ll
lines transmitted O at other times, The effect of these signals
was 1o modify the content of the accumulator. Tho five digits of

the character transmitted were connected to P35~-P39 and also to
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" P75-P79. The sixth line was connected to PO and P40. All of these
were 'or' connections (sece pBB ). Thus if the accumulator held
////////AECDEFGH just before a transmission period, and no
instructions tending to élter the accumulator wére applied and U
were transmitted, it.would contain E//////UABCDEFGQ from very soon
affer the beginning of the traﬁsmission period.

It was found convenient to be able to start and stop the
transmitter distributor at the discretion of the machine. A
magnetic instruction with 1 for digit 36 would start it, and if
this was absent a digit 1 in position 35 would stop it. Any
magnetic transfer described by the remainder of the magnetic
instruction would also have to be obeyed. There were also'
controls which overrode these. A switch on the transmitter
distributor itself enabled it to be swiiched off entirely. - There
‘was also on it s key producing the ssme cffcect as digit 36 of a
megnetic instruction. A key corresponding to digit 55 would also
have been a convenience.“

The input and oufﬁut apnaratus produced considerable inter-
ference, and for this and reasons of svace was housed in a room at
some distance (on another floor) from the remainder of the
‘equipment. An intercommunication system (not altogether dis-
tortionless, and much interfered with, both in the electrical and
acoustic parts of thé‘path) connected the two rooms, but it was
found desirable to make it possible to con'rol the machine from
either room. - The controls on inout a2lresdy mentioned, together
with a key controlling KEC, were sufficient for controlling from
the inputfoutpuﬁ roon, provided thc switches on the console were
in standard position. The intercommunication system would then be
mainly used to request that the switches be so set; or that some
alteration te made concerning dummy stops. When controlling the
machine from the main room, the fécilities for stopving and starting
the transmitter distributor automatically were most useful., This

mode of operation was used most when verifying the correctness
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of routines with check sheets. A tape would be ppnched which With_A
the aid of the input routine set the machine intg?gtate from which
its motion waé to te investi,;ated, and at which a dummy ston occur-
ed, and the T.D. ﬁould be automatically stopped. From this tape
ano ther was nroduced tearing repetitions of the first, by the
technique mention on p. 3'] . .ThiS'tape would then be place in
the T,D, which would be switched on but'stopped and the invest-
igator wogld proceed to the machine room. By overating KEC it
would then be possible for him to set the machine into the condition
in which he was interested. This would involve the first copy of
the original tape paséing through the T.D.; which would then stop.
Lfter pursuing his resoarches for some time theinvestigator could
stert again by once more owerating XKEC and consuming & further
section of the tape.’ This Utopian state of affairs was only too
of'ten interrupted by the machine going out of control and consuming
the whole tape,

As subsidiary tave handling equipment there was a hand punch
(with considerable tendency to replace digits 1 by 0), and a
printer mecﬁanism. 'The latter was used.to print oﬁt the contents
of tapes, It could be set to any margin width and gave automatic
carriage return and line feed at the right margin. This printer
had figure shift and letter shift nositions. In the lotter shift
position the alphabetic characters were represented by capital |
letters, but the stunts were represented / for %, 2 for @, 4 for :,
8 for %, 5 for ",,and g for £. In the figurc shift position Q@ was
represented by 1, W by 2, E by 3, R. by 4,7 =y 5, Y by 6, U by 7,
I by 3, O by 9 eand P vy O. The other twenty twovcharacters were
renpresented by somewhat colourlcss characters, by no means standard,
and only eleven of them different. An additional tape-handling
facility was provided ty the possibility of disconnecting the input
and outnut from the machine and connecting them together so as to

provide a means for copying tapes. For this nurpose the T,D.
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produced normal teleprint signals rather than the special
six-line signals used in inout. Opvortunities for releasing
the cquivment for covying purposes were frequently available.

Progremming on the pilot machine. We shall describe here only

thqse Drogrammes which were actually used a consideratle number
of times and were not eventually superseded. These probally
renresent less than a quarter'of those which were actually made,
The others were either superseded by better rountines, or assumed
a form of machine which went out of date befére being made, or
required greater reliability in the machine than was forthcoming,
or formed psrts of schemes which ncver céme into force for lack o.
time; or were just rather useless, or even not right.

Normal duties of tubes. PERM., Routine changing sequence.,

As with the Mark II machine there were conventions about the

normal uses of the four pages available. Peges O and 1 were for

instructions, péﬁe 2 for systematic working space, and pege 3
was divided betveen permanent information, unsystematic working
snace and the routing changing sequence. Paragraph I, i.e. lines
/I to VI were unsystematic working space, with GI, MI, VI as special
working space, and /7 to OU.Was ﬁsed for PERM, which contained a
number of powers of 2, and also RYRYRYRY, EB///B///, £2£££££8, and
////////.? Line VU wés used for the cue, consisting of a control
transfer numbcr and a magnetic instruction packed into one line,
The routine changing sequence was contained in the last halves 6f

the lines OU,GU,MU whose contents were

U g2 N
QU OU:vu//
MU Ve VU/L

The method of ohanging routines was to puf the cue into VU; the linlk
into the least significant half of the accumulator, and obey GU:L.‘
This control transfer is followed'by the dumny étop N;\ﬁhe maénetic
instruction VU// and the control transfer VU/L. This is similar

to the Mark II machine, but the checking of the transfer is omitted.

Moreover false cues viere never used,
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INPUT. The principle of meaningful sequences and warning
characters was used as with the input routine of the Mark II
machine.‘ There were three warning characters X,Q, and J with
respective lengths of meaningful sequence 11,11,10. With K and @
the second and third dharacters determined the line to which the
' remaining characters were to be'sent. With K these two characters
gave the address direct but ﬁith Q@ the middle digit of the third
character was first replaced by 1. This made it impossible to
interfere with the ipput programme itself when using warning
character Q. With J the second character was sufficient to describe
the address as this was restrictéd to be on p.2, the page of
systematic working space. For this purpose the 32 lines /:,@:,....,
VS were to be called /,E,...£. The content destined for the address
so determined came from the remaining eight characters, There was
also a scheme for obeying instructions from tapes. After doing any
transfer as described above the accumﬁlator would be filled from HA |
(1s¢s.) and PA (m.s.) and then the two halves of line G@ obeyed aé
instructions, the left haif first. The accunulator was then empticd
back into HA and PA,'and G® set to contain fwo time wasting
instructiéns. The consequence of this arrangement was that one could
obey two instructions by writing them on a tapé preceded by K@, TFor
this purpose HA and PA~form a pscudo accumulator, This facility
was méinly used for leaving the input routine, i.e. for the equivalent
of warning character Z of the Mark II input routine.

QUT, OUTPG, OUTR. The fundamentalkoutput programme was OUT which

enabled one to punch the whole or part of an eight character line.
OUTPG enabled one. to punch out the content of a whole page in the
form of an input tape which could be vred for putting the matcrial
back on another occasion. OUTB could be used for punching out the
contents of any number of consgcutive lines taken from.almost any-
where in the store except pages 0,1. o

Mathematical functions LOGSLOY, SINAPP,EXAPP, RECIP, RECROOT.

The routines for mathematical functions were mainly chosen
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for simplicity of pfogramme and generality of application than
for speed.

LOGSLOW. A slow routine for logarithms, applicable fbr
range 1 to 240—1, giving accuracy 2"56 taking time about 1.2 sccs.
This routine depended on a process of repeated doubling and squaring,
doubling being applicable for values less than 259, and squaring
(and dividing by 240) for larger values. A faster routine (about
0.2 sccs) was made but never used. It used a table, to be obtained
by the uée of the slow routine.

SINAPP. A slow routine for the sine, taking about half a

second and accuracy about 2_36

. The anglc was given in revolutions.
The method depended on reducing to the cosine of a first quadrant
angle, and using the duplication formula eight times, and the pover
series up to the fourth power for an angle not greater than /512,

EXLPP. A routine for the exponentials of negative numbers
without restriction but with poor accuracys. The time was about I scc.
MR roubing s oy short occupying only a third of a pugce The
pagc was sharcd with SINAP.

RECIP. This was a relatively fast routine for the
reciprocal, taking about % Sece The method was to standardise

89 and 240, 1In the next step the

the srgument to value between 2
five most significant digits were looked up in a sixteen entry table

. which gave an approximate reciprocal. By multiplying by this
aporoximate reciprogal and usihg the formula a~+ = Db (ab)'l the

. problen is'reducsd‘to that of finding the reciprocal of 4-x where
\x[ & 1/32 . For this purpose the formula (1 +x)(1+x2) (1+x%) was
used as an ap-roximate reciprocal for 1 - X.

| RECROOT. This was a relatively .slow method for the
reciprocal square root. It depends on the case p = 2 of the
recurrence relation

-

1.0 ~1/ﬁ
Uy o=y (1 - =8 u;) for a .

Tt was necessary for the argument to be within a relatively
2
restricted range, and for Uo to satisfy %-{auog(2 . .

Ve . . I}




It was often found more convenient to use the logarithm and
exvonential, although much slower,

DRTEMP and BDTEMP. These were routines for conversion from

binary to decima1~énd back, decimal numbers being according to

the code

QWE
1238

.

TYUTIOP
567890

Test routines. A number of routines were also produced for the

purposse. of testing various features of the machine. These included
special rowtines for testing the multiplier, the magnetic reading
transfers and the holding properties bf the gtores, There were
others for testing all the functions. Routines constructed for
other purposes were often also used for testing.

Problems tackled. Very little time was available for full scale

problems, and only three were attempted. These were

(1) Testing of Mersenne numbers 2P-1 for prlmallty by
Lucas test (see e.g. Hardy and Wright pP.223).
B y this means the primality of those Mersenne numbers, alrcady known
to be prime from other calculations, were checked. The values of P
greater than 257 ahd less than 354 4 were also tested and the
corresponding Mersenne numbers found to be composite.

(ii) The Ricmann hypofhe;is was investigated for the range

63 £ (t/27 )2 < 64. This chiefly involved@ calculating the expression
L ‘ » i
Z.( ) Z, og ATT (T’Iosn.. ,<‘7-}) + L....)..__.__. }‘I(_{)
: ns

"nr)../,_)
where

r)

"m“:[«rlﬁy g = Tu-v'n, K{(r)= j‘[‘T(fcan—-/)-—

}1(3’): cos 27T (f_l-f‘- 7,'(:

Cos 2 §

for about. a thoﬁsand values of t, For this purpose the values of

log n and n'% were taken from a table, and log T was obtained with
the aid of LOGSLOVW. The cosines werc obtained by linear interpolation
in a table with interval 77 /128. Thc time for cach term of the

series was about 160 ms,.

‘(iii) A problem concerned with ray tracing through a lens
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system. The lens surfaces were spheres with collinear centrss.
The rays traced were mostly skew, i.e. did not meet the axis or
line of centres.

Reliability of the pilot machine, Judged from the point of

view of the programmer, the lcast reliable part of the machine
appearéd to be the magnetic writing facilities. It ig not known
whether the.writing was more often done wrong than the reading or
less., The effects of incorrect Writiﬁg were however so much more
disastrous than any other mistake which could be made by the
machine, that automatic writing was practically never done. The
majority of computation was done with the writing power switched
offs It is hope that this difficulty will be met in the Mark II
machine, partly by using the arrangements for switching off the
write power from blocks of tracks or from Sihgle tracks, partly
by greater roliablility, and partly by making greater use of the
input. The very mu~h grcater speed of input should facilitate this.
Other serious sources of error Wére the failure of storage
tubes and the multiplieI:c Tcchnical improvement has however been

’

mede in rcespect of both of these.
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Addition Table,

/JEQ@A|: SIULDRJINFCKIPZLWHYPQOBG "|MXVE
E@A :SIULZPRINFCXTIZLWHYPQOBG "MXVE/
@A : S|ITULZDRJINPFICKTZILWHYPQOBIG"UX|VESE
A:SIlULDRNWNPFPCIKTZLWHIYPQOBG|"MXV|E/ E@
. SIULDRJINFCK[TZLWHYPQOBG"MXVE/EQA
SIULXDRJINFCKT|ZLWHIYPQOBG" E@A:
IU;’;DRJNFCK‘T LWHY|[PQOBIG" @A : S
ULDR|JNFCIKTZLWHYPQOBG|"M A ST
IDRINFCK{TZLWHEYPQOBG" : S IU
DRIN|PCKTEZLWHYPQO|IBG "M @A :|STIUZX
RINFICKTZILWHY|PAQOBI|G X A :SIIULD
INFCIKTZLFHYP|IQOBG M‘ v : SI|IULXDR
NFOKTZLUHYPQIOBG "M XV & SIU|XDRJ
FCKT LWHY.PQOBG"MXV 7/ SIULDRJIN
CKTZLWHYPNOBlc"MX|VE/Eles : STUSDRINF
KTZLWHYPQOBG"MXV&J/E@A:SIU?;DRVJN“FC
TZLWHYPQ G E@A|l: SITULDRJI|NF C K
ZzLWH|YPQO @L :|SIULDPRJIN|IFCKT
LWHYPQOB SIIULZDRJINPF|ICKT 2
WHYPOOBG IWLZDRYNFCIKT ZL
HYPQlOoBG™" UL DRJIN F C K|T W
YPQO|BG "M : YMRINFCKTIZLWH
PAOBlG"MX : S|ITULZDIRINFICKT ZILWHY
0 G SI{UZDR[NFCEKTZLWHYP
IU-DRINFCKIL ZLWHY P Q
U:‘;DRJNFCKTZLWHYP.Q.O
IDIRINFICKTZLWHY{PQAOB
DRIJNFCIKT 2L HY P{nOBG
RJINFCK|DPZLWHYPQOBG ™
INFCOKT|ZLWH[Y PQO[BG "L

NFCKTZLWHY[P QOB|6"NX
JEPFC|IKTZLWHYPIQOBG|"MXYV




- Function Symbol,

‘Equations,

Piga Yo

Time in beats,

/ / H as mag.instr. C' ={C++1jzcz‘ c! ={O4+3}Z Various
/ E w s'=M | ) 5
/j © A ={A++2L‘LO/{,L‘(S)}Z9 2l
i / A wa s' = I, Al ={L°&-}Zg 5
/. {S+}109as mageinstr, C' as for // Various
/ 8 .wm 8" = L» | 5
/I s~ L' =M, M' =L, (&' = A'") 5
/ U " Sy = L, At = ;M iz9 5
‘ /1— WA Af =iA+~DS+ 09 9
/D e A= A+~Ds;-t}79 hote ! 9 -
i 79 -
| / 'R A {A“zuot(s)} > _ 5 o0r 7
/T w A= { A ,+210s }79 "W = see PI¥ 5
/ N wm A ={A++DS 4_};9 T 9
Wi . 9
‘/\__F Af —-{A.{_+DS:,__}O 9
/  C W D' =8, 5
/ K w D' = Si‘ 5
/ T ow o'—{s” (c 1—8)}9 ‘
=15+ + Q04 + +1g L
far 119_ a 139 _ 39 '
s b (2 u
/ Dummy stop L
1 19 79 179
/ W {s+}o = R, {A ]20 { }20 o 2L
/ H c! {(c + 1)o~(A) + (1 -O'(A))S} L
1
/X is;} 2 3z, {s RE = {s Zg i
P C!' =48
/o ’ +{5 . L
/% Q c! ={c++1+s+}o u
/-o c’v={c++1+s+ (1--Q)}2 L
/ B | L
/; G Dﬁmmy stop L
/ nA N
/ u c' = {C_,_ +1 +8,(4 —J(A))}z 4
/ Hoot L
/ L
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PERI @ The Routine Changing SOQuence}

The Routinc changing sequence
by the instruction N S P,

<

/77NN 7 78] e
8///\El// /6]
AL VAV
@/ / /|l //
VAR VA4
s/ /S| %
A VAV
UL I
////%///ngw
T/ //|Dlg £ &£ & ;
/77 /IRI& & £ & ijéﬁr

,/E//J//4Lﬁ§g@
S/ /|NES /T
/@//FKS/P}wﬂ:
/77 7|6V kT 4| aes
/s / /KT S [/ L Sualdsap
////TVSTF&’”;
/ %/ /|2|C K/ B9
/77 fEles /i
/T//W/ET/W
/// /s TN
//E/YMK/S?V&
////RPlY s /o) T
//@/QMK/N} f
/77 /|olvs T g
//:/BRSTRF
/// /JI1GIY : T N
/7R /|MRS /L e
////MvKT/ZZLf
// T /RS /B,
////W‘me%
/7 BE | The

Bige Fa

@ &

>

S O e

ot 'Y
-

H N B B a 4 2 4 "W U

/

|

e&// | oo
H: /C

VS /F|e st

L ¢ /‘J

MK/A -
xx/:igﬁj
g8t/

UKTR )

MK/ S|k .

M K‘;Q 0 ?%ﬁg

// QT ,

£S5 QB

7 5 /P /ot TS 7wt

%ﬁf@M&mM
Pseudo- [\ wes by =
Uaput  eansylin X
accumul- ' ~
ator

Special

Working wocd o
Space § Sy
fonke ] e
gtenet 5 Reley:

is entered




SUMMARY,

PERM Normal uscs of pagcse. .
YAy, Column, P og, M
Oumn. aO. SO'
5 é ;’; ‘g ; ; ; ? '—Z?zf- —ﬁg~ InstrucETEns? ).'
:‘) §
@/ // & S/ /0 it
VAV VAV R AV AV AV @ 1 L
s/ /7 s /S /7% IL}
55555 5;;4 . 2 PERH § £ Sen
YA, it | <
T/ // D & £&£&& _ ,
//// R &£&&8& 'I} 3 Rcscrve for PERM or
/E// 3 /7 7/ U systSor unsystSWeS.
//// N RS/ V}gﬁd
/J@// P KS8/P ;—} N SystS WeSe
S/ / /7 C VEKT A)sudtd D :
7577 % 7815
; :1/: ; ; 'JZ:‘ ﬁw\.&"ﬁd J‘Gun\\& . 5;} 5 Rcsorve SYS'C..’Q.S.
/// /7 L | |
/S T/ /W N} 6 Rescrve systsor
; é'é ; g P UNsyste WeSe
P C Unsysts WeSe .
; é é'f Q K} _ ! Gﬁdgi spgoizvh\"x fesey
77770 o
514 } ; g Magnctic Transfors..
AV O123h567j10111213141516171819
//// M N\ it M e
// T/ X Track m Tubc
VAV AV o 0 —
///E & | Cuc 8 4 04 o
S o 6 H 8 §
N 8 / P cnters routince changing scgqucnce & gg s Q; %

K S / P cntors hoot,
41
Check numbcrs arc {1 025 (L/E] - L/‘l) } 9
10
Input routinc cxamplcs, :

KG.@PQRSTUVY gives {:GA]; = PQRS, ‘:"I‘J; = TUW.
JPQRSCTUVWJ gives [cl}; = PQRS, [GD]; = TUVW,
JPQRSCTUVVH gives no offcete

XGaT/ gives [HK] , + 240 [ ex] .= {[GAJ +§Z9
"W/LI@s P gives /4] = {625}39
"L.C0Ge& gives no coffcct,
"4LCG @‘P ‘ gives hoot stop.

Z cntecrs routinc changling scquencce. Link is
W ‘ fdens hoot stp = RCD . [HK]
Y o cnters routinc changing scqucncce, Link

' rcturns to INPUT. ,
OQFPIFFLE carriagc rcturn, linc fccd, punchcs PIFFLE.

0123456789140 41 12 43 14 15 16 17 18 19 20 21
/EBEQA:;.SIU+D R J.N P C XK T 2 L W H X
Fig.shift0 4 23 4 56 7 8 9 . L
22.23 24 25 26 27 28 29 30 3% Usc this tablc also for
P Q OB G " M X WV & - Tcloprinter oquivalcntse.
+ - -




SUMMARY = cont,

Conventions.

i) Usc of PLRM,

ii) Link in L.

iii) Entry by cuc.

iv) /E & /A must bc filled in a routince and must not bc uscd as
working spaco, -

v) 5 pages certainly availablc.

vi) Not morc than 8 pagcs availablc.

vii) Instructions in /, B, @, A. :

viii) Mention altcrcd lincs cxccpt on pages O and 1 and lincs
/ Gk, MK & VK. :

ix) Leave B.0. clcar, '

x) Mcntion unusual uscs of B lincs.

x1) Usc highcr numbcred B lincs firste

xii) lMontion changes of B lincs othcr than B7.

x1ii) Tracks O - 15 for pcrmancnt routincs,

xiv) Tracks 16 - 31 for lecss pcermancnt routincs,

Xv) Tracks 32 - 63 working spacc = 32 spccial working spacc,

xvi) Disadvantagoous fcaturcs not uscde

xvii) Usc only official propcrtics of routinos,.

NN NONOCOCUOCOUIOIOIOOIOINNOONNNONOGONNNN, th o =i H e H

Print and Punch ENGLISH routinc.
Spacc ' :
Carriagc Rcturn -7 Lotters, Lettcr shift printing
Linc Feccd. ‘Exccpt that @ mcans Figurcs.
Figurcs :
Letters : o : Fipgurcs, Figurc shift printing
Input ‘ oxcept that Y mcans Lotters,
Cheek Output ZyLs¥,& as magnctic spccial
Official Dummy functiOnSo"rcGo?peﬁaJ&.

/ H as mage instr, T/ &' =8,

E S' =M , T & FOUL

@ L' =4 + 2H404 (8) T @ 65th linc

A 8'=M, A' =L, TA 8" =L, 4a' =0

: S as mag,instr. T : a' =0

S S' =1L T S PFOUL

I L' =M, H' =L TI aA' =4 + S,

U 8' =1L, a4' '= My T U FOUL

T L' =4 - DS, T4 A' = S

D A' = A - DS, TD Al =Aw¥S

R Sildcways adder TR A' =4 % 8%

J A' =4 + 2 OS+ T J L' =A§é "

N A' = A + DS, TN A' = A - 8%

F A" =4 + DS, TF o' ==S. 7

C D' = S+ - T C A' = A.{.M-l- Si

K D' = 8. - TK A" = 28, LT

T - B-condvabs.X fer TT B'=8" |mm

Z S' =H, (20 aigits) TZ S8''=B .?Q;

L D?m?w stop TL B: =B = 5|0 |

7 i = \ = - S -

W {@ }o = R TW B' =3B -8o-

H . - cond.abs.X for T H

Y 8' =7, 20 digit TY

P Uncond.absg.X for TP

Q Uncond.rcl.X for T Q N

0 B~-cond.rcl.X for T O B' =38 ) o

B TB s!' =B o L o

G Duwmiy stop TG Bl =B -8 ° o

4 T" B' =B - 89~ o

M s=cond,rcl,X fcr T M cNe g

X ’ T X . Y

V Hoot TV M

£ T & Dumny g

Fig, G (conts)




/2\
( J / E

character at a time,
charactcrs of thc multiplicand.

Pig. He

@AL : SIULZDRJINPFCK
TZLWHYPQOBG"HIVS
/JE@A :SIULXDRINFCK/@:I5RNCTLHPOGUV|
TZLVWHYPQOBG"HXVSEASUDJIJFRKZWYQB"X&
"/ E@L.: SIU
- IDRJINFCK
L
TZLWHYUPOQ
/ B .
@ A OBG"MXVSE
¢ S ' ) poy !
IU /JE@A : 8IU|/:E+2NTHOM
z D
RJ ZDRINPCKIESDFZYBX
NP . : '
C K TZLWHYPQ@IRCLPG
T Z'
LW OBG"HNXVEAUJTEKWQ"PF
HY :
P Q
X 16/ 0 B
___//’G" X
M X / BE@A
V. £
/J El/ T : SIU
@ A|E Z
"SleL DR J
I UAW :
L Dl: H NFCK
RJls Y
N FII P T ZLW
C K|U q :
Tzl O HY P
L W|D B
HYRG OBG™"
PQJ"
O BIN M MIXV &
G "[F X . -
MX|CV /E@A|/5TO
V &K £ .
o : SIU|ED ZB
ZDRJ@RL G
"NPFPOKAJTWU
TZLW:NHM
HYPQISFYX
OBGMICPYV
MXV&UKqs!.
Multiplication by powers of twoe. The product is giﬁen one

Bach character 1s determined by two

Thce less significant is shown
on thc lcft of the tablc, tho morc significant above it,




L NDEX,.

Abbreviations 18
Accunulator 7

Active 38

Action 56, 76

Actual instructions 20
Addressless instructions 22
Alternative entry 68

And | B

Beats 27

B~exceptional 20 :
Binary scale conventions 2.
Blackout 27 .

B-~normal 20

B sign f£lip-flop 21

B tubec 19

1

Capacity of store L

Carriage rcturn 3, 32

Changing sign 69

Check characters 74

Checking transfers 28

Chcck sheets 12

Clearing Accumulators 69

Clock 26 :

Column 5

Complction signals (= Prepulsecs) 8, 4O
Ditto single 4O
Ditto slow 40

Control 7

Conventions L8

Counting 66 ‘

Counting, omission of 63, 66,6%.

cuc L9, 73

D (= multiplicand) 16, 18
Destination scquence 77
Digit 2

Digit arca: 5

Digit pcrioda 27
Disadvantagcous fceaturcs 58
Doublc length accumulator 15
Dummy stops - 24, 38, 71

Economic factors 61
Elcctronic page 5

Falsc cucs 50

Figurc shift 3, 32

Flcas 60

Formal modc 25, 55
Fractional conventions 16

Hand switchcs (H) 25
Hooter 24 ,

Input routinc 3L
Instructions 8



Job=-stccring tapcs 78

Kcyboard pofforator 37
Keys 38

Left 27

Letter shift 3, 32

Linc fccd 3y 32

Linc 5

Linc-pair (long linc) .5
Link 49, 51

Logarithm 4§

Logical opcrations 18

Magnctic storec L
MAN=-AUTO switch 38 ,
Magnetic instruction 28
Manocvring spacc 65
Manual writing 45
Master routinc L9
Mcaningful sequence 34
Monitor 42

Most significant digit 25
Multiplicand 16, 18
Multiplior 15

Natural ordcr 29
Not 18
Not-cquivalent 18

Or 18, 33
Obcying an instruction 8
Official account 10, 1L, 73

Pagc 5

PERN L

PO-P19 4O 39

Plus (or minus) conventiomr 16
Prcpulscs (complction signals) 8 & «o
Prescnt instruction (P,I.,) 7
Prcsumptive instructions 20

Principal linecs 73

Q' 21

Random numbcrs gcncrator 25

Recading transfcrs 28

Rceiprocal L, 72

Rcduccd machinc 7

Rcplacibility 58

Rcoverscd order 2% 30

Right 27

Routinc (an asscmbly of instructions and othcr-
information to makc thc machinc carry out somc procoss) 10

Routinc changing scquencce 49

Row of digits 16




Sandwiching 65, 71

gelf-startcer routincs L8

Short lincs 5

Shunting station (B-tubc as) 67
Sixty-rifth linc @, 7, 26, 29, 5B.
Spacc 3, 32

Spccial functions 30, 33
Spccial working space 53
Standard form 14

Starting 4L0

Stunts 3

Subroutincs L9

Systcmatic working spacc 52
Switchoes 38

Tapcs 76
Tapc addrcss 79
Time 27 :

Tcleprint characters 3

Tclctype 37

Titling scquence 56

Tracks 27

Transicnt coffccts 441 . -
Truc cuc 50

Tschebysheff polynomials 72

Tuboc 5

Unsystoﬁatic working spacc 52
Variablc subroutincs 74

Warning charactcr 34

Writc—-crasc switch 41

Writing tapcs 77

Writc power L2

Working spacc (spacc uscd for storagc of
intcrmecdiatce results) 50, 55, 60

Writing transfcrs Z3
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