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The p0551bi11ty of us1ng the computinv machine itself

to do its own coding is. diquussed For ‘such a purpose a noaation

~for programmes is needed.The use of a quasi—mathematical

and descriptive. notation is proposed and an example of

- such a system now in use for the Manchester.University

Computer is descriaed
It is, pointed out that using a familiar notation for

programming has very great advantagad in the elimination of .

errors in programmes, and thie simplicity it brings to-a

J,subgect now 1abouring under the disadvantaves of obscure notatiOns.

An example 1is given of the programme for evaluating a -

simple function of one variable.:f
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Automa tio ooding, uaing the machine to programme :
 Ateelf, o SR e - |

Anybody who has to programme for an automatic
conputer knows that successful programming is difficult,
not becausa it is diffioult to imagine ways of doing
the job, but because it is almost impossible to avoigd
blﬁnders- and of course even one blunder will cause
7:troub1e, ‘perhars immediately and oertainly in th long run.
The difficulty of programming has become the main '
- difficulty in the use of machines..
Aiken has expressed the opinlon that the solution

of this difficulty may be sought.by building a coding M7 |

lt machine, and indeed he has constructed one. However it
. has been remarked that there is no need to build a
: specialbmechine_for>coding, sinoe;the oomputer>itge1r
‘being general purpose should be used for coding.
_The use of the machine itselt for coding 1is to be tne'
subject of my remarks this afternoon. . ‘:A e

AS

That do ve need to do to make programming and ooding
eagy., I think the answer ‘is simple-- Co

-t0 redunes make.it easy one-must meke coding comprehersidble

‘This may be done only by‘improving the notation of
programmimg,. . Present notations have magy -disadvantages,
,all are inoomprehensible to the novice, they are all

- different (one ?or each machine) and" they are never easy |
to read. It'ia'quiie difficult tb decipher coded programmes
even with notes and even i1t you youraelf made the programme
several months ago. gfj.A g*‘{}ﬂiifgg"*.-';‘ '




‘Aqsuming that the difficulties may be overoonm, it is . -
| obvious that the best notation for programmes is the
'~usual mathematioal notation, beoause it is already

. known. ut since the oomputing maohine is limited in -

its repertoire of operations there »111 be a sinilar

restriction in-the notation of programming,The notation

Lol

‘ would‘not inolude'operations like differentiatéon or,

integration not because these’ operations may not be

performed approximately using the machine but because

l of the uncertainty of what is meant by»integration R

fop example There are dozens of methods of integration

'-.and quadrature and to consider a notation With several

~different types of integration would be as unwise as
it 18 unnecessary" jitf {'f'.f;?.'r; 1:7¢f ‘-fi'

Dn grounds such as these; I suggest that it sé-ne-
is best to- restriot the notation to include only the |
basio‘arithmetio Operations of the machine_and the

dbasic operations of programming techniques, such as

the transfer of control, unconditional or not- thé‘

-

“;use of a subroutine a loop or repetitive cymle_; and so.on,
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B Another and more vital reason ‘for a simple and
restricted notation is that of the ‘small number of
dietinct symbols availible for the representation or

programmes on the input.medium of the machine. Thus

~with five hole tape -there = are 32 distinct syubols and

_ no more out of whieh {0 build- the notation. The scone

for expression of the written word.shows that therc_ is,
no 1imit to the compléxity of #p representatien with
a similar number of 1etters of'the aiphabet. However the .

notations of mathematics exhibit a quite different

' tendnncy,, that ot ueing a multitude of symbols (single

symbols). 1 tried counting the different symbols on a
rage of. W and W' ano found no fewer than 35 symbols

used in matnematical_senses, expreseing ‘such operations

as integration,raising'to'a power, infinite summation

ar

* and s0 on as well as the lelters used: for algebraic

‘variablee.TOAﬁrogramme theimachine to - cope with integration

for instance.ie'te programme the machine to exhibit an
activity in the field of nuinerica;l amalysis, ;Al_though
41 may become'possibie'in the future tprdo 80 ihere are
many simpler things to do farst.. .
'We therefore eeek a notayion for'numerical anal ysis,

and BO we only reauire a eimple notation capable of

expressing the sinple arithmeticfeperations, in imct




. ‘only those ne¢q$éeae-e£ operations that the machin can
"fperform, addition multiplication and subt*action and

Alperhans divisioh.‘

Let us explore the possibilities ol a qimple

‘notation, for example the addition 01 several variables.

written

w)ﬂscxjﬁ ‘f’A.-?'14 ’f m™m

How may this be. ooded on the machine? Take Edsac code

.for examrle. ve may use the preset parameters H, M

and ¥ to rppresent addreqses in thé usual manner

L

so that the, ooded representation is  \;

A w

A N ,
A B

There is no’ reason that ee should not - adjuut our

'.notation so thetA is written + . l\o«e tl'e coded .

~

reoresentation is tlie same as the mathematical one.

This is achieve?%y relabelling the A key on the perrorator.j

This shows the eqsenti&l features of a simple

notatjon.It uses letters like the H N nnd M to repreqent

- storape locationq contajnirg the numerical valueq of

dnd A oo ;Z:rzg?vs ééz;g Gy - -~ zWQ_

the varibblee. : e gl i
quwwﬂmu;

In’ the simplest form the ;aaoseaee'will be those of

‘addjtion subtraction and multiplication.

Hence expressions like these will occmr
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4X +Nx —y7,—zx -7 .-' .ﬁ',';':; Co *W;»‘
Having formed this quantity we may require to keep it
‘for future use.This may be indicated by directing it
‘to one of the addresses for which a variable is oefined
thus = +X + 42 ‘-49 t.. ‘ :i ‘ '.i

You will notice that in the expression that is given
there are no products of three or more variables,ano
“n,hence the expre381on may be accumulated numerically in

»the accumulator. (1 may remark here that I am
',considering the use of this notation for machines
with a Single address code. The extension to multladdress .
kcodes is not 80 simple.) Making this simple restriction
‘iallovs thc notation to be easily translated to a cooed
| form. ‘It might be recommended as & userl notation
for general uses; for this par ticular purpose it is
'very suitable as the automatic translation of this

3R by the machine is fairly Slmple to programue. You

ewill notice that if a tape bearing these symbols '

is fed into the machine the translation programmetf

'_.need only be able to operate on the components of "

”the “equation” }ik— r—the since the translation of
5each compoment is independent of the preceding or

following terms. Thus the translation of the

-4_following expression

.- : 'V‘
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'is made term by term. - "“.i — L

‘I products of three. or more Quantities, or bracketed
";expressions are included in the notation, the translation
rdprocess would becone extremely complicated.__ 4

" T have sketched out a notation for the numerical

. businessg of programmes. But this is only half 3he

. of the majotity of programmes, the other half belng taxen

- up with the organisation of the automatic sequencing of the
Acomputation. Since sihgle symbols are used for the
:'arithmetical notation and as amny as possible are needed
for this,it is convanient to use grouped symbols for.
qpecifiying the details of the ¢g organ151ng parts of the
:programme. In the Translation programme that I have )

made for the Manchesyer Compuxer English words have been
used to specify such thihgs as subroutine entryes.j

I will now give an example of a 00mp1ete programme ihf‘

a form that may be used directly on the machine.
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.A. mnple:- . . . ., - ’.. .‘.-4’;' ..-‘~ . .' : .. .l ..' ’ '_‘ .

Given thats Subroutines 2 and 3 respectively print .} :

‘{{and find square roots,.calculate -and print the. function )
: '.~""f(x) o. 12x 40, osx% S for x » 0 (o 001«) 0. 1
| a@/.t:, b@: E f@-c Z@IC c@I“‘ : x@VA |
M'FRACTIONS +129§ +O-;x ‘ +05~>b +0019 c )
Loop 100r' | 1 _ | e
:fx.-i'_' SUBROUTINE 3 —->z i
} s gex p ;__ T :
. SU"BROUTINE 2 R
+X -ec X e
CENIRY At Tl ST
: CONTROL, A | R
| WRITE 1 START 1 T R '
- Notes, o » ji
| The fnrst 1ine ‘0of symbols defines the variables
“X,Z,8,b,C, f in terms of the addresses of the store. ThuS'
a "is defines to be" the storage location . /E ( in the !

Manchester computer addresses are given in the scale of
_32 in which the symbols / and. E stand for certains numbers).
. The_ word FRACTIONS brings into action a routine for
'placing decimal fractions in the stors; here the dec1mals
'are sent to the- 1ocations a, b ¢ and 'x, - .

The worés LOOP and REPEAT form a loop which counts the
correct number of repnats In the ioop the necessary

. comoutation is. given. ;;;ﬂ ”?';i—u._~'ff* y | )
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. ¥hen the loop .is campleted'there'is a"d&namic siopﬂ;l
This 1s a transter of control indefiniteld repeated shown
‘fhere by the word CONTROL which denotes a transfer of - :
chontrol oortrol beirg d:rected to the part of the .

- propramme at which the word ENTRY occurs. These VOrgs .
- are olabelled with a single £ symbol ;or tne purpuse
-oi ﬁﬁentification correspondipr woros haV1nP the s:uue
1abel. ST _ _ -
This complettesthe propraﬂne,'the remaini: g vords
k}”HITB 1 ard START 1 are irwtructions to the irput routire

to record the provramme on the wagretic drum so thai

it may be used as the first subroutine, and then to begin to N

-

- obey the oroers ol the programme.-

"ith the hahchester computer, the subroutines ol a
7programmé are'recorded on the ,aonetic drum and
" vhen required, Are transterread to iae fixed:position in
the electronic store,ﬁormaliy the first two storage .
‘tubes-containing the addresses 0 to 127. In ihe‘GXample*
éiver the subrovtires print (or square root) a rumber "
'Avhjch is carried in th: accuuulator, and in the

"4,.case of the square root the reqult of the subroutlne

appears in the accumulator after the operatﬁon of the
subruutine.,"hus,in the example, where subroutire 3 is

" used ‘the symhola +x put the value of x into the accu.ulator

ready for the operation of the subroutine uhicn leaves tne
ansver in the aeoumulator where whence it is transierred
to the 1ocation z iOr future uqe..' R '

This example shows e fev of the possibjlﬁties oi tne
rrogramie that I have made for the hancnester machine.
In the complete notation there are words for three types
7"of transfer of control “two tyres of subroutinn, together
with those shown #n the example. ﬂf_j- ' '
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v'hen .8 programme 11ke this ‘has been mtﬂtten down, it .
must be pupched as written with blank tape purched wnere
qpaces occur naturally on .the page.It is punched exactly as
"written with the single exception of tne-i? sigr which is
' not ohoun on the keyboard of the tape punch, The saubol " is
-~ used for-this. ”here are oertain other rules for punching tnat
-are merely a matter “of comumon sense such as ‘not leaving spaces in
the middle of'wbrds or mispelbing theu, I have arraneed tuat
such accidentq will cause the input programme to exhib:t
s;aptoms of distress. SR ‘ ‘ . -

. The input progrﬂmme that translateSﬁ this into macnine
code iq quite long but not exceatively long,about 750 oraers
Thls mcans that such a programme, unless considerable
_econoplien are made will not be possible on maehjnesﬁ 1ackjno:

an auxiliary Be s&ore,',‘

I vill desaribe now the mode of action of the translatlon.'e
This is not a- di;ficult matter to undeﬁstand as it must be
similar the vay in which the wearing is extracted from
any siﬂilar notation by a human being.The method is as follows.

" The machine starts by reading b]anktqpe until it finds
a sy:bol punched on the tape On receipt of this symbol depends .
the sub)eouent action of the programme depending -on
(1) whether the symbol was’ +,- or 2> ,g}or_
(2) whetner 1t was any other sdmbol.«, o
] ;ake first the second posq:blity,this covers all potation .
that is not algebraic.The next aotion is to examine the next
_ ymbol on the tape It thia is ® 1t means that the machlne is
" redding the symbol groups defining the variables 131 ke the
x ard z or the example. In this case the next two symbo;e

define the variable mhose address 15 now sturea for use-

PR . -
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';;'action to make up the corresponding coded form. Thus

_iis ‘entered when the programwe is used._

- » . f - N 5 . . PR -
- 1 o . . o A R K Lo -
! . . Lot . : e -
. - s - . - B 0 -~
. . - ]
-~ ’
.

whenever the oorresponding variabbe appeara‘in the algebraic ﬂ¢i~

notation. -~ - . T e o .
It this 4is not the case’ the only other possibility is that

_the symbols being read ‘belong to an English word.

- If so the tape ie ‘Tead by the ‘machine until blank tare
is reached ard the complete word has been taken in. During this "’
process the numerical values of the. characters are ‘used to .
form & 20 binary digit word in a similar manner to the process
used for the input of numbers on any computing machine ithe - ‘
rumber being formed byladding the number from the tape to-a
"This
20 digit numb:r is then compared £ with the 20 digit numbers

multiple fg of the: number formed at the. previous stape

'correzponding to the reperto*re of vords of the BYs stem and it
‘agreement is foundwith one of themthe appropriate subroutine
B is entered If ¥ the 20 digit words does not agree with any of
‘the words in this vocabulary the input programie. exhibits t..e

signs of distress that I- mentioned previously.Ihis consitt of

the programme coming to a stop and the machine making no further

A

moves,

.-

Corresponding to eaoh word of. thd notation there is a

' subroutine of the input programme _ which searches the tape for
-f the next sywbol or group of synbols and takes the appropriate

for
the word SUBROUTIKE . ‘three orders are made up, orf of which

It is‘instructive to considere the way in which the

is made up. using the label number so that the correct subroutine

transfers .
programnie

In the
set aside

of which ccntaina the Sune¢ the instruction calling ior a transfer,

of°control operate\ae they are the most used of the
operations and the*ﬂﬂs# easiest- to describe,
code of the Hanchester machine it is necessary to

2. storage locations for each transfer of control one

o
\
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_transferred t0 an order with a higher or-a lower address,'

‘translation of the algebraic notation is the most intricate

-

Transfers of control can occur in two ways, with contorl

-

LA, e, either forwaed or backward I will consider only the first

case, denoted in the notation when the word - ENTRY occurs )

.‘after the corresponding word calling for. the transfer of control.

When the transfer of control word appears two orders are

" . added to the partly constructed programme, the first being

the transfer of control order itself with its 'address part
referring to the gsecond part which—is 1eft blank until
the ¥ correspording # ENTRY word appears. At this point the

necessary transfer of control number is known and" this is

f'_then filled into the second of the F o451 two locations’

specified by the “transf8r of control word., ( The use of

- two storage 1ocations -to specify a- transfer of control is

- a feature peculiar to tthe Manchester machine and not to

the style of zoding produced by this method
The method of dealing with the descriptive words is

very similar in allcases The subroutine of the input propramme_ff'

',corresponding to the word is brought into play and this. then
o searches the tape until it finds- either the. single symbol or _

ulti—symbol group that’ ought” to follow the word.»

The part of the input programme that deals with the

programme that I have ever devised but ‘some of the difficulty
is traceable t0 the particular machine for which the programue’
wa;designrd and is not to. be expected for some other: ‘mach@nes.

In any case the #¥ number of orders required for the translation '

lof the algebraic notation is a saall fraction of the totel, -
~ about 140 orders. '

I have explained how thv beginning of an algebraic

group is recognised This group consists of those'

- symbols occurring between two,operation.signs like + or -.

ISR PN R S o 341’1‘_‘\-_.4'-::1




" each alpebraic variable is recieved it 1is translated into

‘operation;synbol of the,gext group)‘the tranelation‘proper

7,starts.

VRS PR T st -,
ws - Lo a e v :

Although the complete algebrio equation may contain a large

: 'number of separate terms or groups it is possible to translate
the symbols group by group since the’ translatﬂon of each . '-]{ -

group does not depend ‘on the translatjon of th:se groups mnich '

"precede of follow it. The notation hsas been - simplified “1th " -
thgi erd in view. ' Do ~i' . : f,?

’

*hen @& +, = or —) sign is recieved, the translation

f proeess of the previous Froup is nade beforﬁthe syﬂbole 0¢ the ~

nresent group are taken in. Neglecting Tfor the momer:i thas

“activity we 1ollov the actior o1 the mechine in reading the symbols
~after the opeﬁation sign. As each symbol corresnondlnp to -

the appropriate aﬁaress wh1ch has been PF¢ previously deiined _47
and plaoed into storage looatioesfor futare use, Yher

the end of the group 1svreaohed~(shown,by blank‘;ape or,the4  '3;:

The first thinp tnat is looke’ for is Tor the precence. of

multiplication shown - by the existence of iwo algebraic varlables:-ir
_ afser the operation sign. If this snowfs that mult*nlication -

is called for the second ﬁriable's address is used to fora ar ~°
order for setttng the multiplier. replster if. this haenot

‘ already been set similarly by a peevjous tern. Then the- aduress df— ~§

tle first ¢f¢/f va*iable is used for the multiﬁlication order,
The case of simple addition or subtraction is dealt with

by combining an add: or subtract funoyion to ‘the addrese of tne
»algebraio variable. . ’

A grOup denoting transfer of the oontent of the accuuulator

to a storage loaetion ie eynthesised in a manner si ilar to the

add or subtract. term.'
I have eimplified the description somewnat 1n‘that I

heve not described hoe,the translatien‘tekes.advantage oi sone
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of the orders availible in the nanchester oode euch as the "

_: orders calling for. the tranefer 1r0m the store t0 the & _
Cacousulator so that the previous content of the aocunmulator is SR

discarded.nescription of ell the tricks would #K¢ take too-;

¥or have I described the way in uhich the notatnon

15 used to specify the ‘user. of the B tube."he use ‘of the

B tube more than anythinﬁ else makee thia type of notation
enay of use, since oOn doﬁes not have 40 8D901fy a notaion -
for the alteration of orders in the aooumulator.

The B tube is_uee in the LOOF and RFREAT notation

‘shovm in the examplé, Certain letters of theé alphabet
are alloted soley to the descriptien of B mocification

Tney appear on ‘the written sheet as suffices-terms witn‘
suffices are B modified so that they will nave added to then

the number ina certain: B 1ine. AS an examrle-.'i R V~;;
-f coneider the programme for the addgtion of the numbere ) .
' .conteined in the conseoutive etorage locetione beginning at ’

the.storage 1ocation denoted by x .~~';7¢:3..:f

| Loor-lor.fJff;lgf 3? :5i}j;} u:}:}‘5iﬁ;,qgj,.75§

‘ T S ' R L o s
-REPEAT T o EE = e T L -
In this exanple the addition order will be made up wlth

'B digits calling for modificatior by the content of B1..

" . %The loop will commence with the number 10 in- the»B tube and

" will be: repeated tmll thés numb T hae been—progrees vely

. reouced to "ero. S - : -

Ry experience of the use of this method of programclng

",has been rether 1imited soO fer but I have- becn mucn iunresaeo

by the speed at whioh it is pose%ble 40 make up ‘programies.

and the certainty of gaining oorrect programmes. Eost -rrors
‘80 far;in programmes eo oonstructed have been errors in tne

i ‘--'..... -
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mather.atica rather than errors in the construction of the . ‘
_ program:ies. The most impor:tant Ieature 1 thirk is tpe ease =ith . |
which it is pose sible to read brck and mentall,y check the prooram".‘e. i
- . And of course “onk such i'eaturea as these will the useiulness L
of this type of programmimg be judged. _ '. S e
y . N ) L h - . ) -
) - 5 A . ’ _ E
. . 3 pe . et 7 ~
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