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| ":'Summar
; The pos51bi11ty of using the computing machine itself
to do its own coding is disnusaed 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
L ' . gsuch a system now in use for the Manchester University
: Computer is descriaed - V'r»' AT
It 1s pointed out that using a familiar notation for
programming has very great advantageﬂ in the’ elimination of ;

errors in programmes, and the simplicity it brings toa’

L "~~J‘subject “now labouring under the disadvantaves of obscure. notations.
| An example is given of the programme for evaluating a -

‘simple function of - -one. variable.:ffJ“'*“'"




Automa tic coding; using‘the'machine.to programme'
itself, | R

Anybody who has to programme for an automatic
couputer knows thatAsuccessfui programming is difficult,
not becausé it is difficult tolimagine ways of doing
the job, but because it is almost impossible to avoiyd
blﬁnders; and of course even one blunder will cause
7‘troub1e,'perhaps immediately and ceriainly.in the long fun.
The diffieulty of progfamming has\beéome the main
difficulty in the use of machines.‘
Alken has expressed the opinion that the solution
., of this difficulty may be sought.by building a coding Mark 777 |
‘:'machine, and indeed he has constructed one. However it
__has been remarked that there is no need to build a
. special machine for'coding, since the computer'itself
being general purpose éhbuld ‘be used for coding.
_The use of the machine 41tselt for ooding is to be the
subject of my remarks this afternoon. , "_ -

- Vhat do we need to do to make programming and coding
~easy., I think the answer 1is simple-— Co
to0 »edvee make it easy one. must make coding comprehensible

"Thisvmay be done only by improving the hotation of
/programmimg;\Present notations have magy disadvantages,
allrare ihobmprehensible to the novice; they are all
different (one ;or each machine) and’théy are never easy
to read. It‘is'quite difficult fé decipher coded programues
even with notes and even if you yourself made the programme

several months ago,l‘f*._- ZY-Z 5'43:‘~,.’;f




Assuming that the'dtfricultiee may:be‘overconn, it is . o
obvious that the best notationufor programmes is the

‘ usual mathematical notation, becauee it 13 already
known.But since the computing machine 1s 1imited in -

its repertoire of operations there »311 be a similar
reetriotion in the notation of programming.The notation

" would not include operations like differentiatéon or, ‘
integration not because these’ Operations may not be
performed approximately using the machine but becauqe

of the uncertainty of what is meant by integration ’ R

foo example.There are dozens of methods of integration

‘-Aand quadrature and to consider a notation “with several

_different tppes of integration would be as unwise as

1t 18 unnecessary..‘

On grounds auch as these, I suggest that it eé-ne-

- is best to reetrict the notation to include only the

basic_arithmetic operations offthe machine and the
basic operations of_orogramming techniques, such es
the ‘transfer of ccntrol, unconditicnal or not- the™

'Euse cf a subroutine e_loop,or;repetitive¢cym1ev; and so. on,
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. Another and more vital reason}for a simple and
restricted notation is that of the small number of
Qistinct symbols availible for the~representation of
programmes on the input'medium ofvthe machine. Thus
- with five hoie tape -there z are 32 distinct syubols and
" no more.outiof which to Suiid‘the notation. The scope
for expreasionloi the written word.shows,that thercﬂis,
no limit te tﬁe cOmp1e£ity of.ap representation with
a similar number of lettera of the alphabet. However the
notations of mathematics exhibit a quite difrerent
"tendancy,, that of uaing a multitude of symbols (single
.symbols); I tried cqunting the.different symbols on a
rage of.w.and W74end.found no’fewerthap 35_symbols
used ih'methematica1 senses, expreeeingleuch oferatiens-
- as 1nte§ratieh,reising to'a power,.infinitehsummation
and so o;'as~weii,as the ietters used: for aigebraic‘
Avariablee.To,programme the,machine totoope with integrdtion
for instance;ie‘te prOgramme the machine to exhibit an
activity in the fieldiof ngmerical amalysis;;Altnough
it may become'possibieﬁin the‘futﬁre tp(do 80 ihere are

many simpler things to do farst.

:We therefore seek a notayion for numerical analysise.
ehd 80 we only require a simple notation capable of

expressing the sggﬁle arithmetiefdperat;ons, in ract




‘only those neéa%éene-e# operatibné fhdt‘the machin can
perform, addition multiplication and subtraction and
perhans divisioh.' | | |

Let us explore the possibilities of a wimple
“notation, for example the addition ot several variables,
written - |
W -‘t’/t + U+ M
How may thia be. ooded on the machine? Take Edsac code
:for example. Vb may use the preset paramoters H, DM
and ¥ to rppresent addreqaes in thé usual manner

80 that the coded representation is l .

A H .
A N ,
A B

“There 1is no’ reaeon that ee should not - adjumt our

“ ,‘notation s0 thét A 18 written + . hOw tm coded .

repngsenpﬁtion'is the same as thq mathematical one. ‘
This?;s'achleﬁé?by4relébellinglthe A<kéyton the'perrorétbr;
| ‘Thiq shows the'eqsential features of»é simple |
notatjon.It uses letters like the H N qnd M to repreqent

) storape locationq containirg the numerioal values of

| e .~ o
_ the variableg.f_ 2 biped e

. o/zev«vﬂ, ms
~In the simplest form the yhanoasne'will be those of

'&ddition subtraction and multiplication.

Hence expressions 1ike these will occﬁr

R
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+X +YyX —yv -BX =7
Having formed this quantity we may require to keep it
'for future use.This may be indicated by directinp it

to one of the addresses for which a variable is oefined

thus  +X + 4z “~J? . \

You will notice that in the expression that 1is givenA
there are no products of three or more variables,and '
'i hence the expression may be accumulated numerically in

the accumulator. (I may remark here that I am
considering the use of this notation for machines
with a single address code.,The extension 40 multliaddress .
codes is not S0 simple.) Making this simple reqtriction
}.'allows thv notation to be easily translated to a coded
| form. It might be recommended as & useful notation |
for . general use; for this particular purpose it is
'very suitable as the automatic translation of this
3R by the machine is fairly 51mp1e t0 programmue,You
"will notice that if a tape bearing these symbols '
is fed into the machine the translation programmevf
~need only be able to operate on the components of
uthe "equation" lékrer—the since the translation of
‘“each compoment is independent of the preceding or
following: terms. Thus the translation oL the '

<

»l‘following expression j‘;ﬂ;*

e .
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4X 4y % - a
is made term by term.

It productq of three. or more Quantities, or bracketed
erpressions are'inoluded in the notation, the translation
bprooess would become extremely oomplicated.,_ B
I have sketched out a notation for the numerical
--businessﬁ of programmes. But this 13 only half 3he
. of the majotity of programmes, the: other half- belng taxen
L up with the organisation of the automatic sequencing of the
computation. Since sihgle symbols are used for the |
'"arithmetical notation and as amny as pOSSible are needed
for this,it is oonvnnient to use grouped symbols for.
| qpecifiying the details of the ¢g organising parts of the
f:programme. In the Translation programme that I have
made for the Manohesyer Computer English words have been
used to specify such thihgs as subroutine entryes.j
I will now give an example of a oowplete programme in

a form that may be;uaegfdireotlyronwthe»maobine,\




Exanple '
Given thatS Subroutines 2 and 3 respectively print

and find square roots,‘calculate and print the function
f(x) = O 12x +0, 05x ,. for x » O (0 001} O 1 .
“;a@/E b@: E f@.c Z@Ic c@Iw' x@Vﬁ
‘FRACTIONS +12-9e +09x ' +059b, 4001 ¢
LOOP 100 L S
iqus - SUBROUTINE 3’?34%7<s<;,§_9“
+2b +ax - T ‘ R
+f : SUBROUTINE

+X e *77( -ﬁ.iy:L;‘;'gJ fs?;)A_b;"
REPRET r = | e e
- ENTRY A'~“;‘ R
- CONTROL A '~n.;e il
| WRITE 1 START 1

" Notes, : :
The fjrst line -of symbols defines the variables

‘%X,7,8,0,6,f in terms of the addresses of the store. Thus
a "is defines to be" the storage location . /E .( 1In ‘the N
Manchester computer addresses are given in the scale of
: 32 in which the symbols / and. E stand for certalns numbers).
| The word FRACTIONS br1ng~ into actwon a routine for
'placlnn decimal fractions in’ the stors; here the decimals
‘are sent to the 1ocations a, b, ¢ and- X. - _

The worés LOOP ‘and REPEAT form a loop which counts the
correct number of repeats In the loop the necessary
; computation is- given..gie;;uj - o jﬁu’ '71 .




‘,When the loop is completed,there is a"dynamic siop"{
This 1s a transter of control indefinitel; repeated, shown
 here by'the word CONTROL which denotes a tranafer of -
}1contr01 oortrol being directed to the part ol the
- prograiuie at which the word LNTRY occurs.These wordgs
E are olabelled with a single £ symbol for the purpcse
. of iﬁentifieatibn,corresponding,words.having'the sue
-'lébel. - ‘ o o _
This compléstesthe ptogra&he,:the-remainikg words
VRITE 1 and START 1 are irwtrﬁcﬁions to the irput routirne
to record the provramme on the wagretic drum so that
1t may be used as the firqt subroutine, and then to begin to

-

= obey the orders of the programme.\
‘ "ith the Mahch@ster computer, the aubroutineq oL a
‘programrié are recorded on the ;aanetic drun and’ o,
" when required, are transierred to 4ne fixed:vosition_in"’
the electrohic‘qtofe ynormally the first two storage
‘tubes containing the addreases 0 to 127. 1In ihe eXample*
giver the subrovtires print (or square root) a number
",mhich is oarried in th: accunulator, and in the
‘;-,.eaqe of the square root the reqult of the subroutnne ,
appears in the accumulator after tne operat*on of the
lvsubruutlne. Thus . 1n the example, where qubroutvre 3 is
i used ‘the symhola +X put tae value of x into the accu.ulator
.ready for the operation of the subroutine whicn leaves tne
\answer in the accumulator where whence it is transierred g
o the location % for future uqe.‘ o '

, This example shows a few of the posqibilfties oi tne
rrogramie that I have made for the mancnester machine,
In the. complete notation there arﬂ words for three types

7‘fof trarsfer of control “two types of aubroutiaa, together
with those ahown in. the example. VVZf. -

A : 1 R >
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“hen & programme 1ike this has been mtﬂtten gown, 1t
must he purched as written with blank tape puvcheﬁ wnere
qpacee occur naturally on. the page.It is punched exactly 2s
'“ritten with the single exception of tne-i? sign which is
| not shomn on the keyboard of the tape punch.The sywbol " is
- used for- this. ”here are certain other rules for punching that
are merely a matter ‘of comuon sense such as ‘not leaving spaces in
the middle of words or mispelbing them. I have arranged tnat
such accidents will cause the input programme to exnibit-.
sdﬂptOMq of distress, T .

' . The input rrogramme that tranqlateSﬁ this into machine
code iq quite long but not- exce4<ively long,about 750 orders
This means that such a programue, unless corisiderable
econopies are nade will not be possible on machjnesﬁ lackﬁnﬁ

ari quxiliqry me store.‘ Co

I mill desaribe now the mode of action of the translation.
This is not & difficult matter to undefstand ag 1t aust be
similar the vay in which the weaning is extracted from S
any eimilar notation by a human being. he method is as follows.

" The machine starts by readjng blanktqpe until it finde '
a sy:ubol punched on the tape.On receipt of thie symbol dependa .
the subeeouent action of the programme depending -on
(1) whether the symbol was’ +,~ or =" ' or
(2) whether it wag any other 8 mbol.«_ R

Take firat the eecond poss 1b1ity,this covers all notation f
that is naot algebraic.The next aotion is to examine the next
_ symbol on the tape.If this is @ it means that the machine is
'reddlng the symbol groups defininp the variables 1:i ke the
x and 2z or. the example. In thia case the next two symbols
define the variable whose address 1s now sturea for use -




whenever ihe oorreeponding variabie appcars in the algebraic ¥gt

notation. o o |

If this is not the case the only other posaibllity is that
the symbols being read belong to an English word. '

" If so the tape ig read by the ‘machine until blank tape
is reached ard the complete word has been taken in.Durinp this
process the numerical values of the. characterq are used to
form & 20 binary digit word in a similar manner t0 the process
used for the input of numbers on any computing machine, the ’
number being formed by.adding the number from the tape to0-a
multiple 28 of the number formed at’ the previous stage. This
20 digitrnumb;r is then comparedpe with the 20 digit numbers
corresponding to the repertoire of words of the system and if
. agreement is foundwith one‘Of themthe appropriate subroutine
_1s entered.If ¥ the 20 digit words does not agree with any of
‘the words in this vocabulary the input programue. exhibits t..e
signs of distress that I- mentioned previously.lhis consist of
the programme coming to a‘stop,and the.machine.making no further

\

moves.~ . , ‘
Corresponding to each word of. the notation there is a

subroumine of the input programme which gearches the tape tor

-f the next symbol or group of syubols and takes the appropriate
»;'aetion to make up the corresponding coded form. Thus Ifor

"the word SUBROUTINE . ‘three orders are made up, or¢ of which
is made up using the label number so that the correct subroutine
..is -entered when the. propramwe 48 used. '

It is instructive ‘to considere¢ the way in which the
transfers of" control operate\as they are ‘the most’ used of the
programie Operations and the‘ﬂﬂﬁ% easiest to describe.

In the code of the Hanchester machine it is necessary to '
set aside 2. storage looations for each transfer of control one
of whioh c0ntains the #uae¢ the instruction calling ior a transter-




Transfers of control can occur in two ways, with contorl
transferred to an order with a higher or-a lower address, )
i.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 ‘gecond part whichsis 1eft blank until
the ¥ corresponding ¢ ENTRY word appears. At this point the
necessary transfer of control number is known and’ this is
-~ then filled into the second of the Faeds4 two locations
specified by the “transfér of control word. ( the use of
two storage locations -to specify a- transfer of control 1s,_
- a feature peculiar to tthe Manchester machine and not 1o
the style of gzoding produced by this method
) The method of dealing with the ‘descriptive words is

. very gimilar in allcases.The subroutine of the input proeramme_ff
' corresponding to the word‘is brought into play and this. then
’ _searches the .tape until it finds either the. single symbol or
hmulti— ymbol group that ought to follow the word ©

. The part of the input programme that deals with the
‘translation of the algebraic notation is the most intricate
programme that 1 have ever devised, but ‘gsome of the difficulty
is traceable to the particular machine for which the programmne
wa;designed and is not to be expected for some other’ mach@nes.
In any case the ﬂn number of orders required for the translation
of the algebraic notation is a small fraction oi the total, ‘

about 140 orders. o
I have explained how thw beginning of an algebraio

group is. recognised ‘This group consists of those
: symbols oocurring between two operation signs like + or -.
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Although the eomplete‘eipebric ehuation may contain a large»
nunber of separate terms or groups 1t is possible to translate o
the symbols Zroup b group since the translatﬂon of each - '
oroup doee not depend or the translatjon of th- -ge groups wnich
precede of follow it. The notation has been - eimplified v1th
thigh erd in view. TR : :

vhen 2 4, = OF = sign is recieved the tranSIQtion'.

- progess of the previous group is made befor the synbols 0¢ the e
nrresent group are taken in. Neglecting for the momert th:s |
" activity we follow thv\action ol the machine in reading tne symbolq
‘after the opeﬁetioﬁ aign. As each symbol corresponding to
" each alpebraic varjable is recieved it is translated into v
the appropriate agtdress wh1ch has been Pr4 previously defined (
and placed into storage locationsfor futere use, *hen '
the end of the yroup 'is reached (shown by blank tape or tne
operation’ synbol of the,pext group)’the translation proper
starts e T .
The first thinp tnat is looke. for is Tor the precence of
multiplication shown by the existence of two algebraic varlables
afder the operation sign. If this snow” 8 that uult*plication
is called for the decond Vriable's address is used to Lorm an
order for settfng the multiblier register if- thia haenot
already been set similarly by a peevious term.Then the.address of -
tne first ¢¢d// va*iable 1is used for the multipljcation order, |

The case ,of simple addition or aubtraction 19 dealt with
by combining an add: or subtract funcyior to ‘the addreee of tue
algebraic variable, - . v '
_ A proup denoting transfer of the content of the acceuulator
to a storege loastion is syntheeised in a manner si 4ilar to the
add or .aubtract. term." v ‘ Lo :
, I have simplified the description somewnat in that I
 have notadescribed.hov,the transletign_takes,advantage 91 some"




b

of the orders availible in the ﬂanchester code auch as the'

:‘orders calling tfor the traaner 1r0m the store to the a
‘accw.ulator SO that the previous content of the accumulator is

diqcarded.Description of all the tricks would ﬂk¢ take 100 .

“longe.

¥or have I described the way in whioh the notation

'1g used to specify the ‘user o0f the B tuvbe.Tlhe use of the

B tube more than anything else makes this type of notation
eaay of use, gince on doﬁes not have to speclfy a notaion
for the alteration of orders in the aocumulator.

The B tube is use i in the LOOF- and RFREAT notation

vshown in the example, Certailn 1etters of thé alphabet

are alloted eoley to the descripti@n of B moaification'
They appear on ‘the written ‘sheet as suffices,terms with
suffices are B modified S0 - that ‘they will have added to them

the number in a certain B 11ne. AS an examvlev '
N consider the programme for the addmtion of the numberq ‘
.oontained in the conseoutive storage locations beginning at ‘

the storage location denoted by x .1f#xfg,:—% L
- LOOP: 10r L
- REPEAT r o B o

In this ‘exanmple the additﬁon order will ‘be made up with

"B digits calling for modificatior by ‘the content of BT. .

The loop will commence with the number 10 in-the B tube and

" will be repeated tmll thés numb T has been—progresq.vely

_ reuuced to *ero.

My experienoe of the use of this methbd of programming

_has been rather limited so far- but I have been’ much impTQS??Q
by the speed at which it is pose*ble ‘to make up prograuies.

and the certainty of. gaining correct programmes. Eost errors'
ﬁso far in programmes so oonstructed have been errurs in tne

',5.... L.
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rather than errors in thne construction ol the .
The moat imporaqnt feature 1 think 19 the ease vith

which 3t is po ssible to read back and mentally check the prooramue.
And of course ong such features as these will the useiulness

of this typ

B
.
AY
. T
e
,‘
P
-
i
- Sy
~
5

e of programmimg be judged.,-"{"~w,”/,

’
v
L4
. -
.
L o
N -
.
-
) - . i
‘ M
K - .
’
. .
v A
. ~
s - -
oo * T i
i g
: . N ’
. : .
~- L
- f
. N
v
Lo ’
) \ ,
P ) -\ -
- . . , o —
o P . -
. o -~ -
o .
: ¢ \
i R :
. 3 . .
5 . .
.
v -
oA
. B
W
\ ) . o w3
< o -2,
o et
ey " L e o - >

LN DTy ey B .

PRRTTRAN JEDR T SOV TP RPNy NEIC SR R




	p-1- 0001.tif
	p-1- 0002.tif
	p-1- 0003.tif
	p-1- 0004.tif
	p-1- 0005.tif
	p-1- 0006.tif
	p-1- 0007.tif
	p-1- 0008.tif
	p-1- 0009.tif
	p-1- 0010.tif
	p-1- 0011.tif
	p-1- 0012.tif
	p-1- 0013.tif
	p-1- 0014.tif
	p-1- 0015.tif

