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Prefacec.

This handbook is wr;tten mainly for those who expect to
prepare problems for the MK II machine. Although almost complete
in itself_it is intended to be supplemecnted by some closer contact
with the machine and by instruction from persons already familar

with its use.

Much material has beeh taken over unaltered, or only slightly
modified from the 1lst Edition which was written by Dr. AM.Turing.
In addition some of the rosults of the first year's exporience of
progrémming for the MK II have been incorporated in the later

chaptoers.,

Miss C.M.Popplewell and N,.E.Hoskin of the staff of this
Laboratory, and A.E.Glennie of the Armament Research Establishment,
Fort Halstecad, Sevcnoaks, Kent, were responsible for chapters 3,

7, and 6 respectively. Some of the examples of chapter 2 were
originally designed as cxercises for the Summer School in
Programme Design held at the University Mathematical Laboratory,
Cambridge (England), in September 1951.

At all stages in the preparation of this edition Dr. AM,

Turing offered valuable criticism and advice.

R. A. Brooker,
August 1952,

B




OCTOBER 1952,
Alterations and Additions to the Second

Edition of the Programmer's Handbook.

It'is our aim that the 2nd Edition of the Handbook should contain
the latest information on any subject. In order to achieve this 1t
will be necessary from time to time to make certain alterations and
additions. These will take the 'form of loose leaves which will be
issued to persons already posseséing copies of the Handbook. The
loose leaves will bear page numbers and where ﬁhey replace exlsting
pages the new page will also carry a serial number in the top right
hand corner. Thus, (1) denotes the first reissue of a page. When

such replacements are received the original page should be destroyed.

It is further proposed to make the Handbook self-contained by
{ssuing lists of library routines and the names of their authors as.
appendices to appropriate chapters. Thus e.g., a list of routines
available for calculating the elementéry functions will ultimatcly be
issucd as an appendix to chapter 6; a list -on print routines will
appear as an appendix to chapter 4L, These lists will contain the
necessary and sufficient information about each routine to enable it
to be used. | |

R. A. BROOKER,
Computing Machine Iaboratory,

The University, Manchester, 13.




Programmer's Handbook

for

Manchester Electronic Computer Mark II.
(Second Edition)

Errata 1,

Chapter 1. page 1.1. line 18 For "formidable complicated”
read "forminably complicated".

" 31,4, " 9 For "in a block" read"in a book\
noo1,1k " 7 'For "M = O" read "M!' = Q",
vo1,16 n 14 For VYAYELLLLEY read "RYLZLLLL!.
- w .7.18 " 6 TFor "@CAK" read M@C:K" ..
// w 1.19 m 18 TFor "[B7]' = IB7|" read "|HUI!' = |B7|"
¥ : m 2> For "Bl = HUIO" read "Bl = HUPOW
" 26 TFor "[@E|' = @E/O" read “[B7|! = @E/O"
W 1,22 " 28 TFor "(The named tube must....) read
1 (assuming that the named tube is..es)
1,24 w15 {og ;(see page 21)" read "(see page
’ .10

Chapter 2. page 2.k, Substitute ngw page 1k
—_— 5.5  line 7 For "|bl<2-0_and o¢ac < 2 "
read "Ib| < o=7 and o< ac< o=15u

" 20 For "|JIIST/" read "{J|JTsT/".

no2,6 n Substitute new page
-on 2.7 n f 1 1" i
n 2,8 ® 43 For "|C|E:/P" read "|ClE:/H"
n 2,9 " 20 TFor "“self-resulting" read “self-
resetting". ,
n 2,15 " 1 For "six warning characters" read

teight warning characters"
m L TFor “seven control transfers" read
. upine control transfers".

19 For “onvolved" read involved"

. T el
‘Chapter 3. page 3.% line 28 For g cos 2Wx"  read ngBCos 211x
: u n

Chapter 4. page 4.14% line 8 For "Gee D. Y pread "(see p 1.6)
pps. 4,19 = %.39  Substitute new pages.
i

: . page 4,22 29 TFor "sS6 and S7" read ugh and S5%.
nou.28 ® 5 For "PIUF" read TIUFY
n 51 For "TYP" read "YTP! :
noy,32 " 1 For "“Q sequence" read "G sequence"

N.B., The cue to B.DEC,INPUT 1s
omitted from the account given on
po)‘!‘o320 It is //c-co@/- ‘

Chapter/éi page 9.5 line 7 For wauthor's" read “authors'.

' /
sppendix. page A% line 17 For n|/K| Dt = S," read “|/K|D' = 8,"
— A5 w4 TFor Y5 best" read "5 beat" -




o i Aot e

Chapter 1.

-t S by

The Lcgical Design of the Machine and The Instruction Code.

i 1. Gensral remarks on electronic computers.

Eloctronic comnuters are intended to carry out any definite rule
of thumpb process which could have been done by a human operator
working in a disciplined but unlntelllgent manner, The electronic
computer should however obtain its results very much more quickly.
! The human computer with whom we are comparing it may be imagined as
| suppliet with varicus computing aids. He should have a desk machine,
| paper tu write his results on, and more vaper on which is written a
detailed account of how the calculation is to be carried out. These
~aids have their analogues in the electronic computer. The desk machine

- is transformed into the arithmetical unit, and the paper becomés the

w————e

; used for results or paper carrying instructions. There is also a

f part of thae machlno called the control which corresponds to the

computer himself. If his nossible behaviour were very accurately

{ represcnted this wQuld have to be a f&rmidabyy complicated circuit. .

; Howevér we really only required him to be able to obey the written

’ instructions and thosec can be made so explicit that the control can‘

be quitc simple. Thore remain two more componcnts of the electronic

computer. These are the input and outnut mechanisms, by which
information is to be transferred from the outside world into the store

1 and converscly. If the analogy of the human computer is to be

' maintained thesec ﬁarts would correspond to his ears and voice, by

means of which he communicatcs with his employer.

2. Scales of notation.

The information stored on paper by the human computer will

| mostly consiét of scequences of digits drawn from O, 1, ..., 9. There
may also be other symbols such as deeimal hoinés, snaces'otc., and
thur“ may be occasional remarks in English, Greek lutters etec, Thore
i may in fact be anythlnﬂ from 10 to 100 diffcrent symbols used, and

\ there is no particular nesd to decide in advance how many different

symbols will be concerned. With an ecleetronic comnuter howover such




a decision has to be madej; thc number of symbols chosen is ruled very
largely by engineering considerations, and with the vast majority of
machines the number is two. The reason for this i1s that the "scale of
o0 matches naturally with the “on-off" property of electronic switching
circuits., Machines (e.g., ENIAC) have however been made with 10
different symbols., The number for the MK II machine is two, and the
symbols used are 0 and 1,

It is not difficult to see ﬁhat information expressed with decimal
digits can be translated into information expressed with O's and 1l's
by some suitable conventions, e.g., we could replace O by 0000,

1 by 1000, 2 by 0100, 3 by 1100, 4 by 0010, 5 by 1010, 6 by 0110,
7 by 1110, 8 by 0001, and 9 by 1001, |

The scheme that is most economical in O's and 1's however, and
the one adopted for the MK II, is to use the Duré binary represent-
ation of a number in which the digits, O or 1, are the coefficients of
successive powers of 2. The most natural convention to choose is that
by which the value of 'a 1 in the rth position from the right hand end
is 2?—1, so that e.g.; 11001 means 25. This is the closest possible
analogue of the ordinary Arabic notation for integers. The convention
chosen for use with the Mark II machine is different. The value of a
1 in the rth position from the left hand is 2°1, so that 25 is
represented by 1001l instead of 11001, ’These facts may be described
by saying that the machine uses 'the scale of two with the most
significant digits at the right hand end'.

Although the scale ol two is appropriate. for use within an
elcctroniccbmputcr it is not so suitable for work on paper, and it is
not possibie to avoid paper work altogether. Without attempting to
to exnlain the rcasons at this stage let us accept that therc are
occasibns when it is desirable to write down on the paper the secuence
ol symbols stored in some vnart of the machine, Suppose for instance
that the scquence was ‘

10001110lllOlOOQ;OOllOOOlll00101010101101100i00110‘
The copying of such sequences is slow and very liable to inaccuracy.

It is vory difficult to 'keép one's place'!'. It is therefore
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advisablé'to represent such a sequencc on paper in a different form,
not subject to these difficulties. The method chosen is to divide
the sequence into blocks of five

~+-710001°11011 10100 01001 10001 11001 01010 10110 11001 00110
and thenfto“féplacé'eaéh block by.a single symbol, according to the

table below. The above sequence then becomes Z"SLZWRFWN.

0 00000 / 11 11010 J 22 01101 P
1 10000 E 12 00110 N = 23 11101 Q
2 01000 @ 13 10110 F - 24+ 00011 O
3 11000 & 14+ 01110 ¢ 25 10011 B
% 00100 15 . -11110 'K 26 0L011 G
5 10100 S 16 00001° T 27 11011 ™
6 o100 I 17 10001 Z 28 00111 M
"o 11100 © U 1 01001 L - 29 10111 X
8 00010 % 19 ©11001 W 30 01111 V
9% 10010 D 20 ' 00101 H 31 11111 £
""10 - 01010 R- 21 10101 Y | ;

Theée:é§mbols are esséntially the teleprinter code, excevt that the
combinations 00000, 01000, 00100, 00010, 11011, 11111 which in true
teleprint are represented by "

no effect, lini feed, apace, carriuge voturn, figure shift,

letter shift’ |
respectively have here been given the”fepreSentations\/, @, i, &, ". £
These symbols have been chosen so as to enable the upper case of.the
typewriter to be used throughout. o

The user is strongly recommended to learn the above table. In
principle it is possible to do without these aids for the machine
itself can do all the conversion processes ruceuir.d, In =roetice 1t
frequently happens that some single number is requiféd'in the scale of
32, and it is found less trouble to do the conversion byAhand than to
use the machine. To convert a decimal fraction to the;scale of 32
multiply repéiﬁedly by 323'subtba¢ting and recofding the integral
nart at ecach stage. This can be done very quickly with a Brunsviga

with transfer. The integral part obtﬁined'may:then be looked up in
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the above table. Sce also appendix.

3, The forms of storage used.

i

The infornmation store in the MK II machine consists of the
magnetic store and the electronic store. The information in the
magnetic store is of considerable volume viz. 655360 binary digits:
in other words it corresponds to paper on which is written 655360
digits each of which might be either O or 1. But this information
is not marticularly r.-dily available.It is (to maintain the analogy)
as if it were written in a bbokk. In order to find any reqﬁired
piece of information it 1s necessary to open the book at the
appropriate page. The electronic store has a considerably smaller
capacity viz. 10240 digits but this information is imuch more readily
available and is to be compared rather to a number of sheets of paper
exnosed to the light on a table, so that any particular word or
symbol becomes visible as soon as the eye focusses on it.

The inforﬁation in the magnétic store consists of magnetised
areas of nickel on the’cylindricdl surface of a rotating wheel. Each
digit stored is represented by one magnetised area. These 655360
areas are arranged in 256 tracks of 2560 digits each. The centres of
the areas-forming one track lie in a pldne nerpendicular to the axis
of the wheel (and therefors on a cirele). The 256 planes are
cquidistanty the 2560 digit areas on one circle are not however
cquidistant. The information in one tracl: is further subdivided into
two ecual narts, which may be described as the left page and the right
page 1f we continue to follow tho simile of the book.

r

The clectronic storec.

The information in the c¢lcetronic store consists of 8 tubes of

1280 binary digits each. A tube thus contains the same amount of

inforiation as a half-track or nage of the magnetic store. It may als

be described as an eclectronic nage. A tube of information is divided

into &4 lincs of 20 digits cach. These digits arce stored as charges

on tho inner surfacs of the front of a cathode ray tube, the digits

o onc line forming o straight horizontal scgmont. (4 line is the
of ~ :
basic unit{ information »nrocesscd by the machine: 1lines ropresent both
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the numbers and the instructions which tell the machine what to do
with the muaburs). . |
The 64 lincs of a page are to be regarded as arranged in 2
colunmns of 32 thus
0 32
1 33
2 34
3 35
i _ 31 .63

This is in fact how thecy arce displayed on the monitors of the machine

(sece nhota).

The lineé may be numbered consecutively through the 3 tubes.
Thoy could be numbercd 0, 1, ...., 511. However, for reasons which
the rcader is asked to accept at the moment, the labelling obtained by
transforming to the scale of 32, i.c., to the teleprinter code, is
used. Thus the lines are known as //, &/, @, ...., £k, In their

geometrical arrangement on the tubes they are as below

Tube O Tube 1 Tube 7
// /5 /@ /A /C /K
B/ BE &) EA EC BE
@E @7 @ @A . . . L] . . . ° @C @(
£/  £E £@  £a 2c £X

Bach tubc is formed of two columns and the second character describing
a line gives the column in which it is to be found.
; Associcted with each line is o line poir or long line consisting

of that line together with the next line. c¢.g., The lines R/ and J/

Jorm a pair and so do BK and GK. Theso long lines will be referred to

by R/ and BK, i.e., the nane of tho first line of the nair. There is

one exception to this rule: the line pair associated with the last lino

e

e e e e AR e a2~
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of cach page consists of that line togethcr with the first line of
the same page (not the noxt page). Thus the 1ino pair £ consists of
£5 and //.

Although the information on thoe magnetic wheol is arransgod
geometrically so diffarontly from that in the electronic store it
may be found coavenient to imagine it as if it were similarly
arrangced. Therc is very little to interfoere with the illusion. The
only coavonicnt method for making the content of a track visible is
to'copy the track on to a palr of tubes, a process which effectively
conceals the truc arrangement of the digits of the track. This way
of thinking »crmits us to divide up the magnetic information also
into lincs or linc-pairs. Therc is a zood deal of ambiguity about
the neming of these lines, for a pagce of the magnetic store could be
copiecd onto any onc of the 8 clcetronic tubes. We male no attempt to
rcmove this ambiguity and accept that there are 8 alternative hames
for a line stored on tho wheel,

Two further units of the machine must now be described, the

control =2nd the arithmectical unit. Roughly speaking the control
interprets lines of the clectronic store (i.e., the information held

on these lines) as instructions and under their direction causes the

arithnctical wnit to interpret linc nairs aos numbors and poerform
certain arithmetical oncrations on them, These units will bo
deseribed in detail,
4, Tho control.

The control of the machine causcs instructions Lo be
sclocted from: consceutive lines of the clectronic store -and decoded.
The instruction will, in goeneral, cousce the arithmeticcl wnit to
sclect a number (lince pair) and werform some arithmeticrl oncration
on it. When this oneration has been carried out, i.c., whoen the
instruction has becn oboyoed, the instruction in the next linc is
sclected, deccoded, and obcycd. And so on. At the completion of any
vinstruction the control uwnit contains two quamatities, tnc instruction

..last obsycd, and the nomc of the line in which it stands. This

latter quantity, callced the control number (C)7is a 10 binary digit

-




number. Certaih kinds of iﬁétructions can interrupt the sequential
process of selecting.inétructions and determine instead which instruct
-ion is to be selected next. ©Such instructions arce said to cause a
transfor of control. Furthermore this transfer of control can be made
conditional on the sign (and hence the size) of numbers occuring in
the calculation., Thus one of several courses of action can be taken
according to how the calculation i§ proceeding, So far we have
mentioned arithmetical instructions and discriminatory instructions.
Other kinds of instructions are available which control the input and
output units (punched tape reader and teleprinter) and the transfer of
large blocks of information from the magnetic to the eclcctronic store
and vice-versa.

5. Representation of instructions.

We have alrcady said that the control can interpret the}inform-
ation on a single line as an instruction, It is now necessary to
explain in detail how the 20 binary digits of an instruction are made
up. It is divided into 4 parts |

(i) digits 0-9 give the address of a line in the store

(ii) digits 10,11 and 12 are the B-digits (see below)

(iii) digit 13 is spare.

(iv) digits 14-19 specify the overation (function digits)

The meaning and use of the B-digits will be descfibed later. At this
point it will be sufficient to state that they specify one of eight
different lines which has to be added to each instruction before 1t
(i.e., the resulting instruction) is obeyed. This could become a
nuisance but we avoid any such difficulty by adopting the convention
that normally one of these linés (called BO and specified by 000) is
to be zero., For the present we assume that digits 10, 11, 12 and 13
arc all zero.

The address digits (lst 2 teleprint characters) give the name of
the line involved in the operation which is specified by digits 14-19,
The nemed line may be intended as a destination for the number in the
accumulator, or the numbcr standing in the named line may be the

operand. The types of instruction may be classified as follows

’




1., Arithmetical instructions

2. Control transfer instructions

3., B-tube instructions

4, Miscellaneous instructions

5.‘ Magnetic instructions

The magnetic instructions are concerned with transferring blocks

of information from the magnetic to the electronic store and vice-
| versa, and operating the input and output devices ~ the tape reader
: and teleprinter. The B-tube instructions will be explained later.
The Yth class include instructions which cause the machine to hoot,
{ and to interpret information set up by hand sﬁitches on the console.

! 6. The arithmetical wnit.

This unit is cimilar in its logical design to that of a desk

. calculating machine. It consists of 2 registefs: a 40 (binary)

é digit register D, and an 80 digit (accumulator) register, A. D is

E equivalent to the multiplicand register of the desk machine and A is
equivalent to the product register. The range of instructions‘

| enables numbers to be added to or subtracted from the accumulator or

to be multiplied by the number in D and the resulting product added

to or subtracted from the accumulator. It is now necessary to explain

{ how the arithmetical unit interprets rows of digits as numbers,

6.1 Representation of numbers.

If we regard a standard number as consisting of 40 binary digits
then the product of 2 such numbers will occupy 80 digits, the length
of the accumulator. Thus it is possible to regard the row of 40
digits as representing either an integer or a fraction according as to
whether the answers are taken from the least or the most significant
half of the prodﬁct. But in whichever way they are regarded the
range of instructions enables the arithmetical unit to interprct th m
as positive or signcd numbers in accordance with the following two
conventions. On the plus_convention the rows of digits are treated acs
positive intcgers (or fractions). On the Q}ggfmiggsﬂggéygggggg the
most significant digit -is used to rcpresent the sign., The following

examples illustrate the two conventions (for coanvenience rows of §

- il - -
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digits are used in place of the 40 digits of a line pair).

Plus_convention.

01010 , = 10 | 01010 ,, = 10/32
o011 , = 26 - 01011 , = 26/32
11111 . = 31 Loun . o= 31/32
) 00001 , = 16 N 00001 ,, = 16/32
Plus-minus convention.
01010 , = 10 | 01010 ,; = 10/32
01011 4+ = =6 01011 ,, = -6/32
11111 , = -1 1111, = -1/32
ooo01 , = '-16 00001 4, = =16/32°

These conventions are relevant when adding (or subtracting) line
~  pairs to the least significant 40 digits of A;(hereafter denoted by L)
‘ and also when multiplying numbers. E.g., (still using 5 digits in
place of a line-pair) suppose'that'A contains the row of digits
OiOll 01100 and the storage‘locatien s e¢.ntains the row 10011,

(Hereafter we shall abbreviate such descriptions in the following

style: [A, = 01011 01100, [s} = 10011). ([s] can be added to
the most significant half of A (denoted by M) thus |
L M '
S it

- e A B e G G WD N RS WO W Fan PO .

. 01011 11111

The resul%ing row of digits is independent of‘the + or t'interpreta-
tion of s,. However when s is added.to'L there‘are two possibil-
ities thus |

(1) 01011 01100

3 and

(11) . | 01011 01100

Y A e O 08 GAS I S BN WD & 1 S 59

In the second case the augend is extended by 5 cepies (i.e.,
40, in the actual machine) of its most significant digit before the

addition takes place} These two operations will be described by the
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equations

{A}' {A] + [s]+

. = - _
v )= ] sl
wherc the dash notation is used to denote the result of an operation.

The first oxample could be described by the equations

a]' = fa) o+ 2% (s,
At . - P
[u] = M) + Is],
or [A}i = {A] + A{s} ,

the signsbeing dropped because they are irrelevant.
6.2. The Multiplier.

The operation of the multiplier is fairly closely analogous to
multiplication on a desk machine. We have already mentioned that
there is a multiplicand register (D) which closely corresponds to
the lever system of e.g., a Brunsviga. D is capable of being set to
3.239 alternative states. Thé multiplication will normally be done
in two steps, the setting of D and the multiplication vroper follow-
ing afterwards. If an instruction is described as a multiplication
it is understood to be onc of the latter kind, and corresponds to
turning the handlé of a Brunsviga. The result of the multiplication
is to add to the accumulator (or possibly subtract from it) the
product of the number referred to in the multiplication instruction
and the number set in.the multiplicand. As with a desk machine the
operation of multiplication does not alter the multiplicand setting;‘
so that if it is desired to do a further multiplication with the
same multiplicand it is not necessary tovset it again. Another
point of similarity with desk machines is that the product register,
i.e., the accumulator, is (as already mentioned) of twice the length
of a long store line, i.e., of a multiplier or multiplicand. A
point of dlfforbnce is that there is nothing to corresnond to the
(not partlcularly helpful) feature by which multlpllcrs may be
accumulated in the counting register on a desk machine. It should

also be noticed that with a desk machine multiplicands are always



W

positive, and the sign of the product must be determined through the
sign of tho multiplicand used i.e., to form thc product ab with a
desk machine onc in-effect multiplies |a| and b(sgn-a). With the
computer it is possible to have either sign in the multiplicand and
also in the multiplier. It is aléo possible to add or subtract the
product according to the instructions used. |

In explaining the detailed significance of the instructions it is
convenient to depart from the principle that the-content of a part of
the machine is a row of digits rather than a number, and to say that
thd content of D is an integer satisfying

39, oo MO

=40

One may also put (as a deofinition) D_ =2 "D, This ihtcrpretation

£
of D greatly simplifies the equations describing the instructions.

Therce are two distinct instructions ¢oncerned with setting the

multiplicand. Their function digits and defining equations are
1

001110 (/C) D = (s,
011110 (/K) D' = [s],
Thus for instance with the short regisfer machine if [s] = 01100,

then either s,/ C or s,/ K will make the content D of the multiplic-

and take the new value D' = 6, but if {s] is 01001, then s,/ C will
set D' = 18 but s,/ K will sot D' = -1k, N

}There arc four distinct instructions for the multiplication
proper, to cover the usec of eithervthe 'plus' or the !'plus-minus'
convention, and also to allow for the product to be-either added to
tho accumulator or subtracted from it. Their function digits and
equations are |

{A} B D(Sj+

000010 (/%) (4] =

010010 (/D) Y (4] - D{53+
. VLY ol

000110 (/N) 4] | LA + D!-S,J-i-

1010110 (/F) o = (Al + D]




e 8§ cebs

Thesc cquations will most often be abbreviated’by omitting the
brackcts, thus
7 1 |
/5 A DS,
/D A' = A ~D S,

it
=
1

/N A' =4+ DS,
/F A' = A +D 8,

These equations may also be written in the fractional convention as

follows.

!
/C Dy = 8.4

1
/K Df = St]

1
/% Ap = Ap - Dp S,
/D A,'r, = Ay - Dy S+I'
/N Ap = A + Dp S,
/F Ap = Ap + D Sy

6.3, The Arithmetical Instructions.

A list of the arithmetical instructions is given on p.l.l%
Each instruction is known by the pair of teleprint characters given
by digits 10-19 wheré digits 10, 11, 12, and 13 are O. Thus the
instruction with function digits 011100 will be denoted by /U and
that with 100100. by T:., The sduare bracket notation, used above to
denote "the content of “,Vis dropped. In every case s, the address
reforred to, denotes a 40 digit line or line pair.

The example below should clarify-any points which are still
doubtful in the reader'!'s mind., The long lines are assumed to be of
length 5 digits as in previous examples, and the'following initial

conditions are assumed

o] = owol0 Nc), = inc, = 10, INg, = fnc], .= 1032

Py el = cn = 20 el o= 72
ccj = 11011 lecl, = 27 [ecj, = -5 icCl,= 35 iCC] L= 33
‘me; = oooo1 [rci. = 16 [1c), = -16 [Tc| = 2 [zc] - .
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The results of a number of consecutive instructions arc shown below

seT/  OL010 00000 10 10 - %

. Yoo 102% 1024

cc/K -5 55;
- 3z

‘ o5L =70 '

TC/N  OL011 10111 +95% =70 T8I 1o

//T: 00000 00000 0 6 o 0

cc/c | | 27" =L

& - _75%% =270
NC/ 01001 10101 +75h 27Q 105 ]Iﬂﬂ?.

NC/% 00100 11010 see following note

As a result of tho last operation the accumulator is said to have

excceded capacity. In this casc the defining equation is more
corractly written thus ‘ |
gt = {4 -ps,! "

L *i ’

o

where the notation means 'the eighty least significant digits of the
number inside the ourly brackets!'. It is one of the tasks of the
programmer to prevent, by e.g., the use of scale factors, the loss of
information in this way.

A closely related problem is the following. When dealing with .
fractions it is most convenient to take products from M ( by /A or /E)f
with integers, from L (with T4, /S,.or /U). In the first case 1t is
necessary to provide for the occurence of products too small to have

much significance in M, and in the second case for products too large

to remain in L,




The Arithmetical Instructions

Code Name ~ Function

010000 | /& | S!
011000 | /4 | S!
010100 { /s | S!
001100 | /I | L' =M, H'= L

i
=

(i.e., replace[S]by most significant 40 digits
‘ of A).
M =0

i
*
=
-~

H
e

011100 | /U | 8' =L, L' =M, M'=0
000010 | /% | A' = 4 - DS,

010010 | /D | A' = A - DS,

011010 { /J | M' =M + 8

000110 | /N | A' = A + DS,

010110 | /F | A' = A + DS,

001110 | /C | D=8
011110 | /K | D'= 8,
100000 | T/ | At =
111000 | TA | S!
100100 : | A

]
wn

L, 4' = 0

I

0 (clears accwaulator).

101100 | TI | A' = A + 8,
100010 | T4 | A! = 8.

100110 | TN | A' =4 - 8,
110110 | TF | A' = =5, i
101110 | TC | A' = A + S,

111110 | TK| A' = 28,

In addition to the above functions, which should be self
explanatory, there are a few auxlliary instructions which aré
concerned with the arithmetical unit. They are

001000 | /@ | most significant digit

~ 001010 /R | sideways adder

011001 | /W | random number
110010 | TD | A! = AV S4 }

‘ Logical functions.
/

101010 | TR | A' = A & S,
111010 | TJ | A' = A% S,




They will be described senarately.

Most Signivicant Digit.

In certain kinds of numerical work, e.,g., the calculation
of logarithms, quotients, etc., it is desirable to be able to
standardise nwubers, i.e., to express them in the form 2% where
h & < 1. This is made possible at high speed by the function
/@. This function determines the position of the most significant
digit of [S]+ and adds the digi%al position number, .. (s), to M,
eu3., i€ (8], = /X/RYN// then u(8) = 28, 1If (8], = ©
then 4 (8) = 63.
Sideways Adder. |

This function determines t (s), the numbér of 1's in [s] (it
has no relation to the interpretation of [}] as a number), and adds
it to M. E.g., if [s]e = / X/ RYN//, then t (s) =11,

" Random Number Gencerator.

The function /W puts randoq dlglts into the twenty least
significant digits o; the accumulator. (The randomness 1is derlved
from a resistance noise generator). The following »nroblem would be
suitable for the use of this facility.

A man in New York starts walking from a street 1ntersectnou,

“and at.each strect intersection decides in which direction to walk by
twice tossing a coin (cach of the four directions is‘chosen‘equally
;Often). It is recuirsd to find the »robability that before walking
twenty ‘blocks he will have succeded in returning to his'starting
noint, Tor this purpose New York is to be assumed to bsc an infinite
rectangular laltice of strects and avenues.

The logical instructions s, T Dy s, T J; s, T R

Thase are ogerutlons on rows of digits aﬂd have no relation to .
~ the internr.tation of thesc rows as numbers. The sym cols V, &, and ¥

satisfy the equations

0V O0=20 0&0=20 0% 0=20

' OvVvili=1l 0& 1 =0 O# 1 =1

. 1 VO0o=1 18 0=0 1% 0 =1
1vl1l=1 11=1 1x%1=20

However thg 1nstructlons perform thCSu onerations on rows of digits

thus (01110) Vv (10010) = (11110).




The main

application of these oncerations occurs where scvecral

different »iccaes of information are nacked into one line. Tor this

nurnose the oneration

breaking up a line into its various significant narts.

ion mry be uscd for combining parts togethor.

& is of thce most use, It can be used for

Another use is to

round off a number by forcing a 1 into its least sighificant digit

position, The following table givus

some oxamples. [A] = RYRYRYRY

and [s] are the rows concerned in the operation and the result is

nlaccd in A.

Operation ') {AT
s, TD ABCD JXCXRYRY
' : ABCB JXCXEEER
®/// JYRYRYRY
/788 | RYCLSLEL
ABCD DN :RYRY
ABCB DN:NYRYR
s, T J //£5 RYYRYRYR
- ££// YRRYRYRY
ABCD | @zRrE////
TR ££// RY////7/
Sy ABCB | @ZRZRYRY
//£L //RYRYRY
7. - The control transfer instructions.

The codes and defining equations are aé.follows.
10 binary digit control number (sec p..6).

the following operations, C' = 25 (say),

selocting instructions from lines 26,

transfer of control ‘is encounter.d.

thon control will start

27, 28, ctc., until another
{ {g denotes the 10 loast

significant digits of the number insids the brackets. This should

not be confused with the square bracket notation which refors to a

storage location.

001101
011101
000101
000111

The essential feature of control transfcrs on the'ﬁK II (which

/P

/Q
/H
/M

o
c!
c!t
c!

= {5,)7

(3%

i

ic + s, + l{

f'ﬁ

9
0

{C+ t8, + 1}0

0, otharwise C' = C + 1

if [A]+2 0; otherwise C!

The V operat .

C dsnotes the

If, as a rcsult of one of

=C+1

also distinguishes it from other machinos in this respect) is that 2

lincs arc involwved.

Thus, oo,y

to transfer control unconditionally




to CE the control transfer number (one less than the name of the line
to which it is recuired to iump), Fii, is first made avallable in sone
line s. The instruction s,/P then effects the required transfer. /H
is similar to /P but the transfer is only onerative if the wmost
significant digit of the uccumulatbr is 0, otherwise the next
instruction is selected in the vsual way. The instructions /2 wnd /M
cause relative transfers of control., They are best remembered as
follows. If {s} g = j, then s, /Q will cause control to skip j
instruetions, If § = <1 then s, /Q is obeyed ropoeatedly and we

have a dynamic ston. If j = =2 control returns to the nrevious

instruction, And so on. /M is the relative transfer corresponding
to the absolute transfer /H.

3. The B~tube and the associated instructions.

The machine is intondcd to take advantage of the repetitive
naturs of calculations. Thus if we wish to instruct the machine to
add up 100 humbers we nrefor to specify just one addition instruction
and somc how make it refer to esach of the 100 numbers in turn, stopping
thié proccss at the end of the list. The B-~tube is primarily a
device to chnable this to be done morc rooadily. |

The B-tubc consists of 8 lincs cach of 20 digits (referred to as
BO, Bl, B2, ..., B7) and the control unit is arranged so that the
contont of onc of these lines - that specified by the B digits of the

instruction - is added to the (prosumptive) instruction before it is

obeyed, The resulting instruction is called the gctual instruction.
Ccrtain instructions arce cxcapt from this rule and in these caces the
actual instruction is identical with the »resumptive instructioan.

Thase = B cxcentional - instructions have function codes

100011 TO
110011 IB
101011 TG
111011 ¢
100111 TIM
110111  IX.
101111 TV

111111 1€ .
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Examples of the formation of actual from presumntive instructions.

nresuwmpntive | named content of actual
instruction | B-line | named B~line | instruction
/ CEK B 1 @/ // @C LXK
/ C@K B 2 @/ // @ C@®K
s CAK B3 ve// @ CAK
: C£C B 7 ve// @Cc/K
: C UK B 7 VE££L£ @CUK
/S B O @Cc/K @Cc/ K

The actual instructions in all these examnles are effectively
identical because the digits 10, 11, 12, and 13 have no further
significance once the actual instruction has been formed.

Setting and altering the numbers in the B-lineg is the pufpose
of the instructionslwith the following function codes and .defining

enuations,

100001 | TT | B' = s
B-normal 110001 | TZ s' = B
101001 | TL | Bt = B - s
100011 | TO | B! = s
B~excentional 110011 | TB st = B
101011 | TG | B' = B =~ s

In these ecuations B and B' denote, as usual, the initial and final
contents of the B-line named by the B digits of the actual instruction

(in the case of the B-exceptional instruction this is identical with

the presumptive instruction). Likewise s, s! refer to the contents
1 » b}

of the short stors linos whose addresses are to be found in the QEEEEl
instruction and the equations apnlied are specified by the function
digits of the actual instruction. finally there are two conditional
switeching instructions s,/T ( dircct ) and s, /0 (rclative) similar

in every resnect to /H and /M except that they discriminate on the sign

- For this »purvose the operation B-:+ S counts as an alteration.
of the last B-line alterod.‘.These instructions arc intended for use

in counting onerations.
The B-~tube and the associated instructions have throe puraoses.,
The orimary wurnosc is the modification of mroesuwmtive instructions

to give actual instructions. Sccondly for the counting operations




which are usually associated with the systematic modification of
B additives, and lastly as a 'shunting station! for 20 digit lines.

The B-cxcepntilional instructions

The exceptional instructions were made neccssary by the fact that
when one is setting a B line one does not usunlly wish the instruction
involved to be modifiad by what 1s already in the B line in cuestion.
Howovor wheoh using the B line as a shunting station, mnarticularly
when transferring from a B line to a position specificd by the content
of a faurther B lino, 1t is nccessary that the instruction involved
should bring two differont B-linos into actlon, once containing
information as to the destination of the content of the oﬁher. These
cascs cah be coverced by the devieces revealed in the “ollowing examplesf

Examples illustrating the effect of the B instructions

Prosumptive raolevant actual
instruction | bB-linc aind instruction | BfTuct
its contcent

HUQ O BY7 =presumptive (B 7] ' = [H U]
HUQ B BY? =prosumptive |[He]t = B 7]
LU Z 2% Bl = @/1/ HUQz |HU' = [B7
LU ZT Bl = @/1/ Ho QT (B7' = [1y
PUPT BG6 = VE// guer |7 = [y
//E/ BL=HUPO | - uHUQO |[B7'= U
/7 7/ BO = HUQT HUQT |B7 = ®U
/77 "BO = HUNO HUQO ([B7t = |uy
//qz | B =@w/ erqz |PE'=01//
/7 q/ B7 = @i/0 @EQ0 |BE'=e5/0

1

Soveral.applications of tho Betube arc ziven in Bxomples 2 (next
chéptor). The first excanle illustrates a typical countiiig orocess
and descrves some romariks, It will be seen that the use of the DL-tube
for the modification of instructions fits very well with its use
counting ropetitions of an oneration, The two are combined 1o this
scoucnes of instructions., It is not nccessary to copy‘tha partial
suns out into the store, as thoe whole »rociss of altering the B--tubs

tal

and testing is done without inturforring with the accuwaulator.




9. Miscclloncous instructions

1) Duwuwny stons. It is nassible by sctting certain switcheos to

arrange that the machine stons when certain instructions are.reached.
The instructions in quostion arc /L and /G. Liko the /I and Tz
instructions they arc addressless, i.c., the first two charncters are
irrclovant. Thoreo are two onwoff switches on the console labelled
W/IM and “/G%. If, c.g., the "/L" switch is in tho "on" position,
then the machine will stop when control encounters a /L instruction;
otherwise /L acts os a dummy or time wasting instruction. Similarly
for the /G instruction.

Dummy stons arc vory useful in testing routines. The programmcr
is rcocommecndod to insert them at »moints whers major onerations may be
considcercd comnleto,

2) The hootor. When ~n instruction with function, symbol /V is
oboyed an implusc is applicd to the diaphragm of a loudspaakqf. By
doing this repcatedly and rythmically a stoady note, rich in harmonics,
cen be nroduced. This is used to enable the oncrator to be called to
attond to the mechind 'in some w.y. The simvnlest case is where the
wholo of a job is comnleted and it is recuired to clear the clectronie
storuss and start something different. All that is then roquired is to
roneat a eycle of instructions including o hoot, c.z.,

FS  N8/V
cs  FS/P

In this casc overy sccond instruction will put a pulse into the
speakor, These pulses will occur at intervals of 8 boats i.e., 1.92 ms
giving a freauency of\?Zl eycles (an octave above »iddls €}y Or on.

could usc the loon of thr.ou instructions

0@ /v
B@ Qe/V
G@ BE/P

which gives a slightly louder hoot a fifth lower in frecqucncy. ©Single
nulscs c¢nplied to the loudspeckoer arc distincetly audible as gomething
between a tap, a click, and a thump., This fact can ba. turned to good
account, By putting hoot instructions into progranmmes ét'suitabie

points one is enabled to 'listen in' to the nrogress of the routine.




Some indication of what is going on is given by the rhythm of the
clicks that are heard.

3) The hand switches. One can set up a row of twenty digits on

twenty switches., This row 'H! can effect the behaviour of the machine
through instructions with function symbol // or /Z. The former of
these will be discussed under magnetic transfers. The latter causss
the number set up to be covied into the named line ({s]' = H): in this
way small pieces of information can be put into the machine by hand.
Sunnose for example that we have a routine for calculating some
function of a four character line, and suppose that the calculation
takes Tive minutes. . It would then be reasonable to »nut the argumont
in through the switches. This would be »narticularly so if the argument
used depends partly on the judgment of the experimenter and partly on
the values recently obtained, e.g., if one were trying to find a zcro
of the function but one was not wishing to ropeat the nrocess often
enough to mechanise it fully. Again if onc were playing chess agailnst
the machine this would be the natural way of ragistering ong's own
TMOVGS . ’

10, The Maghetic Instructions.

The Magnctic Wheel. The organisation of the magnctic storage into

tracks and mages has clready been described. To rocapitulate there are
256 tracls cach consisting of & left hand page and a right hand page.
Each page contoins the samc amount of information as a tube of the
cloctronic store. The two nages of e.g., track 35 will be denoted by
35L and 35R. They may also be rcferred to as left and right half
tracks.,

In order to bc able to make usc of the information stored in the
wheel, arrangemcints are made to cnable onc to trensfer elther a half-
track or a complete track from the magnetic to the electronic-store.

The nrocess by which this is done is described as a reading transfer.

Likewise in order to store information nreviously held in the
electronic store arrangcments are made for transfers in.the opposite
direction, from the electronic store to a track. These are called

writing transfers., In addition there are check transfers by means of




which the content of a nart of the maghetic store is compared with a
part of the celectronic store.
These oncrations are initiated by the instruction s,/ : with the

aid of a magnetic instruction which stands in the short line s. Thus

the instruction V i / ¢ specifies that [V E]%? is to be internr:ted as
a magnetlic instruction. A magnetic instruction specifies a half-track
in tho magnotic store and a tube or pair of tubes in the olcectronic
storce and tho kind of transfer requlrud. In the casc of a checking
operation, if tho check succeeds, i.e., if there is no discrepancy
in the blocks of information comparced, then control is advanced to
s + 3; otherwise to s + 1. If the transfer involves a whole track
of information then the specifigd pair of tubes on the elcetronic.
store must be SO and 81, 82 and S3, Sk and S5, or S5 and 87. 81 will
be called the nartncr tubc of 80, S3 that of 82; and so on, The
~detailed coding of a magnotic instruction will now bc described.
Digits O - 9 (Llst 2 characters) snecify a track of the magnetic
wheel, '
Digits 16 = 19 (4th characters; digit 15 is spare) specify a tube
in the clectronic storac,
Digits 10 = 1k (3rd character) specify the manner of transfer.
The following table dofincs the interprotation of the third character.
/ The content of the left half of the named track is transferred
to the named tube.
% The content of the right half of the named track is transferred
to the named tube.. |
@ The content of the complete track is transferred to the
electronic store, that of the left half to the pﬁgiSLtube and
that of the right half to the partner tube gyhginamed tube.myst
v be one of the following S0, 52, Sk, S6).
A As for @, but the left half track is related to the partner of

the named tube and vice-versa.

Checking transfers used to compare the two, supposcdly

S .
idontical, blocks of iaformation resulting from the operations

I : '
specifiecd by /, B, @, and A respectively.

U ; p 9 9 i

4




D
R [ snacified by /, B, @, and A.
J
N

:D F
¢ | operations svecifiocd by %, D
K

Writing transfers corresnonding to the readiirn tronsfors

Checking transfers used to corparc the results of the

s Ry 0NG J.

The internretation of all 20 digits can be suanarised by the

Tfollowing figurc.
Magnoetic transfers.

0123456756
N e

Track - §
i ’ O
3 y
[ 9]
[<p] -
” oy 0
- oM
C W
\\ (‘\;
20 M4
< o)
D92
ST T 3

Magnetic instructions whosc 3rd
T, Z, «ve, £ do not correspond to ma
connection with the input and output

>

conclude this .scction.

9 10 11 12 13 1% 15 16 17 18 19
g \-—-—-—w"‘"—/

Tubo

I»]

@] o (@]
+2 [$) H~
o O] 3

&~ 0 &y
= om

character is one of the lcetiers
gnetic transfers, but arc used in

devices which arce oxplained in

the next section. The following cxamples of magnetic instructions

/ / / / Means left half of track O to be read into SO

1/ 8/ " 2dicht half of track 6 to be recad into SO

ABR@/ W loft half of track 35 to be read into SO and
the right half into S1

EE A/ t left half of track 33 to be read into S1 and

the right

The corrcsponding checking instructil

and E 2 U /. Thus 4 £ I/ means the

with that of SO and the contont of 3

. /@2 I Means 83 to bo written
T @D s " 52 to be written
U/ R " 82 %o be written
U/ J " 82 to-be writtoen

half into S0.

onsare// +/,1/8/,AE1/,
t tho content of 35L is comparocd
5R with that of S1.

on left half of track 64

on 4OR

oh 7L and S3 o 7R

on 7R and S3 on 7L
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The corresponding checking instructions are / @ NI, sEF :, U/ C :,
and U/ K :. | '

Notes.
(i) Digit 15 is irrelevant and, in the case of two-page trans-
fers, digit 16 is irrelevant.

(i1) A 1 in digit position 10 has essentially different
meanings according as the transfgr involves one page or two, In the
case of a one-page transfer it means that the right half of the track
is involved: for a two-page transfer it indicates that the pairing
of the pages 1s to be criss-cross, i.e., the left half of track to
right page of pair and vice-versa.

(iii) Times of operation: writing transfers take about 90 ms
and reading and checking each takes about 35 ms.

(iv) The (ordinary) instruction with function letters // causes
the row H (see pagel.2l) to be internreted as a magnetic instruction.
The use of thié instruction for starting the machine is described in
the section dealing with the input routine.

Input and output equipment.

Information can be fed into the machine from teleprint tape and

out of it onto further teleprint tape and onto a teleprinter., The'

teleprint tape is the five-hole type and is read by a photo-electric
tape reader., The teleprinter is a Creed page printer, modified

slightly to enable it to print 32 distinet characters, The operation

| of this equipment is initiated by the special magnetic functions

whose 3rd character is T, Z, ..y %o

The tape=-rcader

The tape reader is operated when the special magnetic function
0 is obeyed. The character in the reading head is then superimposed
(tor!) on the 5 most significant digits of the’accupulator, and the
tape moves forward so that the next character is in the reading head.
The latter process takes a certain time (about 5 ms) and arrangements
arc made to prevent another reading process from occurfﬁng until the
next character is in position. The operation is most usually done

with the accumulator clear so that 275T is placed in the accumulator,

-
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uk

where T is the numerical (integrél) equivalent of the character read.

The_teleprinter and- punch

The teleprinter and/or punch are operated when the special
magnetic function T is obeyed. Its effect is to punch the character
given 1n the five most significant digits of the accumulator, i.é.,
{A};g. This character will be set up on the printer, and the
character prefiously set up will be printed unless the printer is in
the figure-shift position. 1In thié case the corresponding figure is
obtained, These figures are given in the table below:

/E@A :SIUSDPMF
0123456789+~
No guarantce can be given concerning what will happen when other
characters are printed on figure shift. There may be only a smudge.

A normal teleprinter responds differently to the stunt
characters /, @, :, &, ", £ producing respectively no effect, line
feed, space, carriage return, figure shift, and letter shift. The
printcer associated with the machine prints these characters, but-
arrangements are also made to do the stunt opcrations. These are -
provided bj other special magnetic functions: see tablc below. No
effect is produced on the punch in these cases. A three position
switch on the console enables the printer and/or punch to be‘used for
output,

Once one of the invout or output magnetic functions has bean
initiated, the machine will continuec to obey all other instructions,
including the special function B (see below), until a further input
or output instruction is encountercd when the machine is held up until
the first is complets.

The special magnetic function B, superimposes the character set

up for punching on digits 35 to 39 of the accumulator.
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The following table summarises the special magnetic functions:

3rd character| - Effect Time.
T ~Print and/or puach {A};g 140 ms.
Z Space the teleprinter 140 ms,
L Carriage return 300 ns.,
W Line feed 140 ms.
H Figure shift 140 ms.
g Letter shift 140 ms.
Q | eeme—-
0 Input character from tape 5 ms.
g Check 5 beats
n e
M ] sacaaa
X ] ceaee-
V | cemme-
£ no effect . - 4 beats
Notes.

1, It has been found that up to 140 ms. of calculation can be
arranged between 2 consecutive output instructions without retarding
the operation of the printer

2., In a similar way the figure of 5ms. applies to the input
instruction.

3. In general an instruction calling for a carriage return
should be I0llowed by one caliing for line feed. It is recommended
however that a carriage return should be effected by 3 instructions
calling for carriage return, line feed, and carriage return, in this
order., This eliminates the possibility of carriage bounce and
ensures a perfectly even margin throughout the length of the page.

11, The time occupied by various operations.

The machine is synchronised by an oscillator with a frequency of
100 ke/s., One cycle (occupying lO/M.S) of this oscillator may be

called a digit period. These digit periods determine the most

fundamental rhythm of the machine, but there is another almost
equally important rhythm, on which time is divided into beats of

24 digit periods (2ho/u s). The number of beats for each instruction
are given below. The times for the magnetic instructiéns have

alrecady been mentioned,
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Arithmetical and logical instructions other than.
nmltioplications. :
Multinlication instructions (i.:., /%, /D, /N,

A1l tho rest of the instructions.

& /F)

5 beats (1.2 ms)
9 beats (2.16 ms)
4 beats (0,96 ws)




Chapter 2.

Coding kxamples.

Introduction.

The examples given in the next few pages ore inte:nded to show
sone annlications of the instruction code. They are dividcd into §
groups which, broadly spcaking, illustrate

1. The arithmetical and control transfer instructioans

2, The B-tube, the most significant digit instruction and the
randonm number generator

3. The magnetic instructions

L, The spnecial maghetic instructions and their use in innut and
output routines

\

5. Some of the methods of calculation to be described in
chaptor 6.

Conventions.

Thero are certain coaventions relating to the uvse of the

~olectronlc storc which will be explained in detail in the next chapter.

At the monent we need only rcmark thatvit is assumed, unlcss otherwise
statsd, that cortein information is permonently available in 52,

This consists of thc ﬁowors of 2 and certain instructions whose
businecss doos not concern us yvot. The Y40 »owers of 2 arc so arranged
that they occupy only the 41 lines /¢ to 45 inclusive (see fig. 2.1).
Thus ¢.g., the number standing in the lino pair U: and 32 is 23 and
that in I: and U: is 223, The lines and line pairs 28, DS, and RS

arc also uscivul,

In the solutions to tho examples tho soquences of instructions
and any nocessary working space hove been arranged to occuny the first
fow lincs of SO, They could of course stand anywhcre in the store but
this scheme matches the ideas to be explaincd in the next chapter.

The entry line of cach scouence is indicated. A single dot in any
character vosition indicates that the char.cter is irrélnvaut.~ ﬁnless
othorwise stated any numbors roferred o, o.g., x = [/ C]+ , stand

in long lines.




The Powers of 2.

—_
w]
NON NN EHN RO
NN R QN
NONONNNINNNN R AN
SONNSNNNNN KRN

A N N N N S D R D
SN NN NN NG NG NN N N N N N N N N & DN NI NG N NN
SN NN NG N NG NN NN D NG IR N NG = N N N N N N N S S N
I N G N N a N R R

7

|




Coding hints.

A number of détqched and rather trivial tficks and precepts,
which arc nevertheless considered worth while having in writing, have
been collected together at the end of this éhapter. They are intended
to be studicd in conjﬁnction with the oxamples.

Do coding dirsctly in toleprint code.

. It is never too soon to learn the meaning of the 64 functions.
The way to do so is to start coding in teleprint code straight away.
Keep a list of the meanings always at hand, and refer to it as much
as you wish: you will find that after a week Véry few references are
nocessary. You will not yet know all the codes, but you will know a
working selcction. Likewise you will eventually get to know tho
tcleonrint eduivalents (p1.3) but this is likely to bo slower, chiefly
bececause it.is less cssential to know them.‘ Although the lines are
given names which are in tcleprint code, and which also correspond to
pumbers, for many applications, it is nqt necessary to know anything
concerning the relation of these labellings,'or even to have very much
to do with the numbers at all. The names of the}lines are just used
as labels, Later it will be desirable ?o know the teleprint
equivalents of the single characters by‘heart, but it is never
necessary to know the equivélents for pairs of characters.

Examples 1

-

N ' i ’ 1 o o
(1) Givenx =1{/ C spand ¥y = @ C}i;’ place (x +y) in : C and

i
/Ul
(2x - y) in I C.

/ 1

—a3|El/ CT 3 x
@@ CTC x+vy
Al: CT Al plant x+ ¥y
st/ CT XKl 2x
slecTH 2%~y
CIVI CT AL plant 2x ~ ¥

(2) Replace |/ Cigy by its cube
/ !

—}{EJI ST /‘ clecr cccumulator and set round-off
'@/C/Ki] > . "
At/ C/ PI1X
i/ Cc/ A! plant x2
Si/ C/ F x
I/ ¢/ & Tplant x3

The rounding-off procedures are explained in Hints, 5,b, & 54Ce



(3) Multiply [@ C|, by mR

/i '
—i|El . o T ¢ clear _accumulator

@@ c / K| ] e

e /7 u ]* 18

@ Cc/ A

Siv + T /{ round-off

Il ¢/ X ,

I{D:/N }ciia

@ C T Al transfer

}T‘T TWN 2

ZW-H QW = ff

(4) Given z = x + iy, where x = [/ C}+, and y = [@ Q]+),
" place the real and imaginary warts of Z2 in : C and I C

respectively, and IZI2 in % C.

/
—E|I 8 T /| clear accumulator: round-off.
@@ c/ K| 2
A q'c / DHIT Y, 1
5 C/ Bl ~y“tows C
s|I7C/ K|y .5 o
I/ Cc/ F|{X =7
Uls C / 4|d plant x2 - y2
'Z'ECT“Z'“ 5
Diz CTH||x2+y
R £ CT N{J
J|% C T Al plant |Z]°
N@C/F
PO C/ Fi| 2xy,
C{I S T I|J round-off
IXIT ¢ 7 &l” plant 2xy.
(5) Place ’ﬂ@ C]*l in / C.
ALY
—ijzlec T3 [e C}t to accumulator

—|@|/ / / H| fecst sign

L_4A @ CTPF| change sign if =-ve
21/ C T Al replace

or alternatively, using a relative transfer of control

instruction (see Hints, 10).

/
—|Bl@Cc T |
—i{@ L : / M| skip one instruction if +ve
| jslectTr
—ii:]/ CTA |
(6) f/ Clt; is either % or 4. Whichever it is, replace it by the
other.
/ 1
—jzles T H 4
@3 TC| © -
al/crn §-[/cl,
¢!/ C T A| repldce "~
S
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(7) Repoately double |/ C}, until it becomes 3 %

-a|/l/ ¢/ B}
+a|E/ c/ J‘Jd°uble
i...i@|D 8 / HI test sign

N.B. The sequecnce must be entered with the aCCUmuldtor clear.
(8) a, b, and ¢ are given in / C, @ C, and : C respectively, and 1%t
is known that |b| < 2-@ and o < ac < Z'Iw. Form 220 abe

without undue loss of accuracy, and place it in / C.

2|/ T :| clear accumulator
El/ C/ K "
@|: ¢ / TF|| ac (double length product)
iAl/ ¢/ U|| to /C and :C
s{:s C/ U
SiX s 5 Cl ,
I
2/C/N_
D } S ; I rgﬁnd-off
R/ C A :
: 2 to./C
JITre T/ setagougd-off
NiF ¢ / Cl|" 6
Fl@ c/ F|1 2°b to @C °
C g C ; IND
X C Kii ~20
|/ ¢ 7 F|) & abe
Z|I 8 T I! round-off
IL|/ ¢/ Al result to /C

Examples 2.

These examples illustrate some applications of the B-tube.
(1) Place in L the check sum, i.e., the sum modulo 240, of the line

pairs, of page l,

HiE NN\ I
e NN\
~

count number
clear accumulator
~set B7 to 62
partial sum
adjust counter ,
test for last cycle (see Hints 7)

—)
—

|

W PEEN

FHQH O e

NO OO 3N

(2) Placc in / C the scalar product of the two vectors whose

olemonts are in (1) / N, @ N, ... L Nand (ii) / F, @F, +vssL ¥

inclusive.
/L /
—3E{I ST /| set round-off
. @|/ / Q 0} set BY7
—3|A|/ N U K|} add product
s/ P U F|! to partial sum
SIA ¢ 3 G adjust counter
-1 THA ¢ T| test for last cycle
iU|/ ¢/ Al transfer result.
.+ (3) Given x =LDJt+ and 2y 8,5 cvey 8 in locations / C, @ C, 3 C,
ete., respectively, where 2n = XT Is£+ , place § (x) =

a +a X +a X2 + ... + o, ¥+ in V K.
lo} { 2 - n




2.0, (1)

control number

/A7 ..
— (BT 8 T /! sctround .off

@V X/ Al clear V &
AITI QO set counter

—) 18 y K/ 7|7 :
S CuUJd = X + -
IlVK/ Al pI“H pr' an-(l‘“i'l).

! g A O0G adjust counter

el &1/ /)T

The polynomial, is built up by the reeurrence relation

Po = 8,

Prog = Pp ¥ T A (r+l)
p, = 1 (x).
(4) It is roquired to multiply the 80 digit number in A by 2n, where

n is such that x = of EA}Z9 £ lios in one of the rangcs

T3 xy + é; -5 3 x -3, Record the number n in B7 thus:
fB7]+ -2n. Code this oneration: (i) using the fewest possible
- + : . . o

orderss (ii1) so that it requires the least boésible time.

(1) /
B working space
@
A
—ii/ / /8
s@/ /B
I/ : 0 0] clear B?
——|U|A : / M| test sign of 4 -
30U/ T ¢ clear A
——|DK/ /P
\,R%:TN}
w1 Jl=/ / Hidcase A > O
Nl. . /Pl case A =0
rl/ /7
cl/ / /0] = %
Kiz / / /| control number
—> | T1A ¢ 3 G| records each doubling
72/F/ / J| restorass accumulator
‘L(;Dé/J"‘ ,
W T I
H @ / / ol double
Y / / / S|
'ple 8/ T +%
u—%Q D/ / H| test range
OF/ /T -

Jote:- Using this method x lies in one of the ranges

1 ]
TS XYL, ~E>XY -5,

Tn %he mobhod that follows x lies in one of the ranges
’%’)XZ%I, ""2.1‘>/X}-'%".

o] ) S o PR 1
and tnerefore originally =% g \A\t& { %=



B

_} working spaca

T@ = 80

E\@ = 76

5 B = 40

E @\

M/ test for zero

case L =0, M =0

deposit L

deposit M
 test sign

\,

J\\change sign if -ve

set B7 = 0
deposit |M|

test M = 0
subtract 80 from B?
deposit |L| in place of |M|

-

quwo@omomwmo>@®ob»\mmmqwooqmmmmZZ\\\

—3

substitute L for M
clear //

‘ 2f¢t0 %/

-

>

7% - 2,
subtract 76 - 2 from B7

subtract 40 from Bb
test 36 - 2/«
case 19<€ w £ 39

case < 19

} form result

£

N HD e FEEHNN<SNKE CQUWOOYKIEECNNHARQHEE QT ORCHD « =@ FE

DD ® N E B -0} 0O NE N\NjRee O TR NH O HO N

NGO NN s se e Nee D N N N N W N N N N N N s T NPT ¢ | o3 B N NS
NNHENHNNHO YO NNNHEHEREANONN\NNO B3 NN HE NN

~

Note: Lines :/ and S/ are uced as working space so that as it stands
"the sequence of instructions is not self-resetting, i.e., it cannot
be used again wnless the instructions in these lines are restored.
There is no need for this however i1f a fresh copy is brought down

from the magnetic store every time it is to be used,

(5) Fill S4 with random digits. b
(1) /I\VE/ /
—ME|/ / 9 0 sct B7
>@IE / W
AE & 3 A build up %O random
AN i:' W digits
s/ Q C
1/ %‘Q A plant random -line
g.A : 3 G
- % @/ ? test for 32 repetitions
R
J




(ii)

(1)

(2)

(3)

i

B QY ) = ) Do T e (D BN

ABCD
EFGH
/7
/7 7/
ve//
1///
:/ 00
/ /7 cC
///F
// /U
@/ /U
m/ T/
/ [/ /8
/ 5Q A
A e 3 G!
s/ / T

| W

h
.
jon )

working space

set BY

square

select middle
40 digits

plant 1ong line
test for 32 repetitions

Examples 3.

Transfer the content of S6 to half track 25R: check by means of

the appropriate write-like checking instruction.

@B
SR =N

U v

B/ D Nj

oo aoz

HINNN
NN\

7

write
check
failure

Repeat (1) but check by bringing down 25R to S7 and then comparing

86 and S7 line for linec.

QG e T2 e (@) B N

B/ DX
B/ ZC
YAVAVAR'
B/ /
S/ T :
N/ QO
/NQC
/ C QN
A 0G
2/ /T
A i;; M
o P
VE//
E ¢ TN
Es/ W

86 to 25R
25R to S7

set BY
form difference of
corresponding lines of 86 to S7.

test if |S6] - |S7

[ S

0

It is rcquired to write the content of Sk onto the half track

specified in the first 11 digits of line n of half track 34L,

wherc n = (B61+. All magnetic transfers to be checked by the

method given in example (1).




£~ b DD

brings down
"directory"

Form and nlant the write

and write-like check magnotlc
instructions in // and E
resnectively

i
—

}

S L

writes YS?E to
named track

@ 60 eo ,.’T') QUnNQO :t’ \2");('—3 oo oo N:F“\@@

NN SO T NN\ e
{
NN F N R NN\ o N

B0 HI R Qg g Ot H Do e @ BN
RN = AN O RN e

ST

i

~Nm

self-resakting,
Examples k.

b 4 oo s ot —

Notc: this sequence is not

These examnles illustrate the use of the specilal magnetic
instructions (s.m.i.) for innut~output operations.

(1) 1If f/ C?+<-O, then print a minus signj otherwisc space the

teleprinter. Also replaco L/ Cj+ by its modulus.
/NI / T/ used as s.m.i,
—= |Ei/ C T &

— @/ / / Hi test sign
Ay . o T &
stB/ /T ‘
S|/ / / ¢ oprint "-"

-1I|/ ¢ T P{ change sign

UlA 3 / 0 skip 2 instructions
'%"/ / Z 71 spacae (S...‘ lo)

31 D:E 7/ / 3! snrce Lelevnrinter
JiRI/ C T A] plant modulus

(2) Print, on a new line, the 7051t1ve number |M] }in decimal form,

roundcd~-off to 9 decimal nlaces.
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working snacc

t‘% t:j\

k...
= {
.y 1
SRS & SR

:';::.:[_O
| =5.,107

carriage roturn (s.m.i.)
linc feed (s.m.i.)

fig. shift (s.m.i.)
carriage rcturn.

line fecd

figure shift

set digit count
round-off

lO’ round-off constant

| miltiply by 10

digit (integral nart) to D

[ )

fractioral part to //
shift 4i;it to to» end of
accuwaulator

print digit

adjust counter

test for last repetition

SNNNENQ N NPT e - e NH N

..

NUD SN SO NOND NN T S ONONONYN

UYL PRI N N N N N P U R N o S
HOOOHZPQbZ‘OOOp‘JC—‘OQOCO e © o o \\\.\
1§

googKIEsroNESROEZQSHDoONRGHT e

PN b R

(3) Read a nositive integer n nunched in decimal form and terminated

by the symbol T and add it to L.

/l. . 0/ dinout (s.m.i.)
——31{E|. . / A| cloar ton half of accumulator
—1@|/ / / 3| read digit from innut tape
i~ A|Z : / M| tost for the symbol T (-ve)
Dl / P} exit from sequence
- % g { ; é shift new character to least
' Ul } /N significant 5 digits of M
=Cc/ /U . .
Sy 7 7 ¢ multiply partial sum by 10
Rlc 7 /7 © and add new digit
——{ J|E } ; ; read next digit
NIR '
Y/
g working space

L]

(4) Read from the invut tape cnd placé in M, a fraction »unched in
| decimal form and followed by sign. The routine is to be arranged
so that any number of digits can be nunched-cven though only about
11 are significant. c¢.g.y = }7 is to be punched as |
142857142857~
N.B., the symbol + is identical with P and the symbol - with M.
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""""""""} / . . T :
EH/ QO sct B7
~-\@w/ / :| input character
ALY / / Hi test for sign symbol
RE W/ POl 4if the sign is one of the first 11
t|3|@ / P B| symbols read, then the innut instruction
11110 / / A (in @/) is replaced by a dummy for the
'?g‘/ / / Al remainder of the digit cycle. The sign is
5/ / / C|7 stored in 0/, ‘
D{J : / N
R|// /T
Ji/ / / C|| digit cycle: 11 repetitions
WH/ /N
TIE : QG
—lc|E s / T,-
K|/ /T A, ‘
™0/ / J| test whether sign symbol has
~-1Z0 / / H{ already been read
1tus7za
WiT 7 0%
H)R AR
‘ w /s /7 /0 "
AL MR
miofn / T s . ‘
y ||B|W / / 3! search tape for sign symbol
-2{G| 0 / / H |
"o s/ T
MlA ¢ / My test for "-" sign
[ Xt/ / T F|] -change sign in tho case of a
L\VI/ /T AL "+ sign '
~9§ // /K
Ds:00O0
O BT : ] maltiply by 20 10711 by
@ P/ / N|| accumulating 16 :
AP/ / % | mltinlications by 236 10-11
f I 9 G;
ISIE R T

i

Note: this sequonco is not self-resetting.

Exomnles 5.
These examnles illustrate some of the methods of calculation
described in chapter 5.

(1) Replace [M}+} by (cxp [M]+

.) =1, Use the method based on the

recurrence relation

- . - _ _
Zp1 = Lyt o Zy = % 271 = e -l




strobe

s N
o

NN NN NN NN NN

>

oo@t.q

NE H oo

SHNSEROQYEZE QY ONRC H D e O E N

. C:m@@ ea oo

NFE NN NN NN
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I~...J}—<',I:

(2) Replace LM

&

[ T ] N

Cn+l = 'C§

o I N

MR FQUWODURKEEHNHAROQOY QY UNRCHWD
NZENE@ONNNOHZ@@@NNNNNOOL@

N \\\ oo

-

-y oo
]
-

I

~+

NN 0 N R N LI N

i
i

OREBUPPUOGR N TS R R e ] S0 e =

1

NH NNNNONNNNH N HHE H FE F R R A RS NONNH N

€ 0o

-~

J

ed

[ U— |

J

.12

working space

plant x
set strobo

2

Zn

set round-off

72

Zn + oA

~shift strobe

vest for end of nrocess

by j » Use the repetive nrocess
ﬂ[m+ . L

Cn“"“} O .

working space

plant dividend
divisor to accumulator

test sign of divisor

make divisor +ve and change

sign of dividend

repeatedly double divisor and dividenc

dividend until divisor >

set round-off

an+l = an - an Cn
2
Cn+l = -Cn
test for ond of wrocess

quoticnt to M

“repetitive
eycle



(3) Replace [M}i[ by its saquare root. The method to be used is
the non-restoring form of the digit-by-digit process dszscribed

in chapter 6.

AVAVAVAVS
&/ // /] Yn
e/ ///
A ; ; ; 9 negative strobe
$7 777 e=luly
—|I|: / / A] plants a’initially
— gI/T : 4

’2‘2//:]": 2
Di/ / /K ] forms a=yp
R|// /D

- (7|0 / / B| ‘tests sign of residual
Ni©® / T %| negative correction d4eit

NEG - : Ld1g
% ; 5 % g J enters digit ) cycle
% ? é 5 §‘J shifts strobe
Z2lI S TI tests for end of process

EXIT ¢ L / H| plants strobe

wie/ /4 d
HU/ /P

Wi /2 /7

T glg ; ; g +ve correction
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Coding Hints.

i. Counting procecdure, One of the commonest owerations is a seauence

of instructions to be runected a given number of times. The counting
process may be done in the B tube e.g., in B7. The most usual scheme
is as follows., L
| | gt B line
Sequencé

Reduce B line

Test

s )
The number of times that the secuence is obey.d is greater by one

than the number set in the B-llne. It is frequently desirable to
subtract something other than 1, This may be becausc thae number of
repotition is the result of a comnutation; and is given with some
factor applied? €.%., a power of two.. Alternatively it may be desired
to save a linc by setting the B-linc with some quantity alrcady
available, <¢.g., to count 12 onc might set GC/J into the B-tube, and
subtract ///E, the former being sunposcd an instruction which is uséd
in any casc, the latter availablc in PERM,

2. Ommission of counting, If the omneration to be reneated contains

rather few instructions c.g., three, ond is crucial for the speed of

the whole process, ther it may be best to omit the instructions
concerned with counting and to repeat the instruétions of the »~rocess

in question the reﬁuisite number- of timcs. Sometimes the number of
rcoctiticns may be the result of calculation, but even then the omission
of counting method may s5ill be applicd, the number of repctitions

boing controllcd throﬁgh a control transfer centering the secuence of
repented onercations at the appronriate noint.

3. Discrimination by control transfer. When two cases have to be given

quite differcnt treatment, involving different scquences of instructions
it is nafural to choosa tha relevant scousnce by a test instruction
(i.c¢., conditional transfer /T, /H, /M, or /0), When there is a large
number the best method is to manufacturc a control transfer‘number and

‘use a directory, A good example of this is in the input nrogramme where




J

<o)

wight
the si% warning characters each have to be given a seperate treatment.
This is dealt with as follows. If ¢ 1s the character in question
o /// is set to B6, and the instruction //IP given. The lines // to
£/ contain the 2233% control transfer numbers appropriate to the thirty
two possible‘values of ~. and the sequence recuired is immediately

entersd,

4, Cranging sipn in the accumulator. The instruction DSTJ has the

1 1
effect Ay = -1 -A_ which for most purposes is as good as A_ = —Ai

which can only be achieved in two instructions.

5. Clearing the qpcumulator. The beginner is liable either to leave

things in the accumulator to get mixed up with the next calculation

or else to put in accumulator clearing instructions which could easily
have been avoided., In fact 1% is very seldom necessary to give a
special instruction for clearing the accumulator, 1f the points below
are born in mind, |

(a) Instruction TA clears the accumulator as well as transferring
L to storc. If both halves of the accumulator are required to be
storcd one can use /U twice and %he accumulator will be cleared.

(b) If an expression of form a + be i1s required and the
aocumulator is not clear the term a should be put into the accumulator
first. This applies if the final value required will be in L, and
rounding off multiplications with results taken form M,

(¢) Alternatively when doing multiplications with results taken
form M it is not necessary to clear the whole of the accumulator in
advance, but only M. The maximum error will be 1 in either case: the
mean squarc error will be one third with clearing but only one sixth
without. If the results are taken out with /A then M remains clear
for another multiplication,

6. Electronic svace economy measurcs.

The economising of instructions in order to reduce the space occunied
in the magnetic store is seldom worth while. There are however
occasions when it is worth while to economise them to save swmace in

the eloctfonic store. This.is necarly alwajs in order to get the
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instructions either inte one nage or into two nages (see next chanter).
To do so makes the routine tidier and uvsually has ti-e-economy effects.
We have mentioned two or three devices for keeping the nuiaber of
instructions down, but thesoc will mostly be learnt by experience.

7. Dunlication of use of lines, The chief economy measure available

otherAthan reducing the number of instructions is the use of a line
for more thai one purwose. One or two forms of this have already been
mentioned. It is usucl For instance to use the 1lst 2 characters of
addressless instructions as control transfer numbers. Another case
was mentioned under the heading of counting. No attemnt can be made
to list all such devices, but there are a number associated with
control transfer numbers. These are sufficiently numerous that it
should nearly always be wmossible to avoid using any lines swecially
for control transfer numbers. To make a moint of doing so in cases
where it is not strictly necessary is however strongly to be
discouraged, aé liable to lead to a most wasteful use of nrogrammers
time. The methods already known to be available are mentioned below.
8. Sandwiching. If a (short) line is sandwiched between two |
sequences of instructions, the instruction which uses that short line
can also be used as a control transfer number for the beginning of the
later sccuence of instructions. A long line can only be used in this
way if it ehds with a mair of characters renrescnting a harmless
instruction, Lines ending with T£, Z£,.., ££ are almost the only
suitable ones.,.

9. Positioning of dummy stons. If a dummy ston or other addresslass

instruction be placed immediately bsfore a junction, (i.c., an
instruction to which a control transfer is made, but which is not the
beginning of a straight scquence) then this addressless instruction
may. bc used as a control transfer numbcr in the usual way, and the
control transfer instruction may also be used as control transfer
number for the transfer to the junction., This position may not

howecver always be sultable from other noints of view,

10. Relative control transfers, Rolative transtfers (e.g., /Q) are

more troublesome to use than the dircct ones, but provide a second




string, The nccessary relative transfer number may sometimes be found
in the powers of 2, or if nart of the routine itself is being used as
snceial working space, it may be found in the routine itself.

11. TInaccuratc numbcrs. If a line »air is required to be known to

morc than twenty but less thaon thirty binary digits, the first two
characters of the line pair used may be changed to a control transfer
numbsr. Likewisc if.a number is requircd to less than ten digits a

control transfer number may also be concealed in 1it.,




The preparation of a problem: Programming: Scheme A,

The coding of a complete problem is normally achieved by working

up from relatively 51mple requlrements to more complox ones., Thus for

instance if it is desired to do a Fourier analysis on the machine it
would be as well to arrange first that one can calculate cosines on
it, For cach process that one wishes the machine to be able to

carry out onc constructs a routife. This consists mainly of a set of
instructions, which when obeyed by the machine, effect the required

operations. The term programming is used to describe the vnrocess of

breaking down the problem into routines: coding to describe the
making of the routines.

The following 31mble example 1llustrates how a nroblem is broke
down into simple processces. It is required to calculate e§ cos 2T’x
for various valucs of x. The calculation is to be arrahged so that
the required arguments can be punched on the input tape and that'the
machine reads these values one at a time, printing corresponding

function values on the teleprinter.

A suitable schematic diagram is

ENTER ;RLAD VALUE { CALCULATE L~ CALCULATE
~—3———1 OF x FROM |————-"| ; E— —
IAPE fy = 5c0s2T X! z = oY

b i
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The break down of this problem is fairly obvious. In more complex
problems it would be by no means so simple or unique. On the basis
“ of the above breakdown onc would start to make routine§ to do the

following processes.




1. Calculate cos 27T'x given x in some preassigned location.

2, .Calculation of e* similarly. |

3. Rcad a number punched on tape in decimal form._

4, Print a number, hold in a given line in the store, in

decimal form. ' |

Of course -there arc a lot of details about these routines which
remain to be filled in, e.g., 1n which storage location W1ll the
cosine routine find the argumcnt X and where will it place the result?
What lines, if- any, may be altered in the process° On the numerical
side it 1s necessary to give some attention to scale factors. Thus
in this case consideration of the permiss 1ble range Oi numbers on the

plus-minus fractional convention would indicate that the cosine
routine should calculate % cos 2T x rather than cos ot x.

What is normally required of a. routine of this type is that a’ w
certain funotion of the content of one or more lines shall be'
calculated and stored in a given nlece, the rest of the content of
the store being unaffected by the process, except certain named
lines (which should be kept as few as pos31ble) called the working
.space of the routine. Thus CeBuy. the spe01fication of the cosine
routine might.reed,as follows. . |

Nome of Routine: COSINE/A

- Effects: Replaoes[},C] by %eosZﬁ:i/ C}i;‘; thelline @C
being. altered in the process. ‘ | |

It is one of the tasks of the programmer to ensure by means of
his !cementing' instructions +hat no valuable information is left
lying in@ C and : C vhen COSIN“/A s called in, _:'
Library routines. o | B i

It is cloar thet certain processes are common to all klnds of
problems.v E.g., most problems will need some, kind of orint routine
Some comnon-process es for which it would be useful to have standerd
ready-made routines are the.zollow1ngth
Calculation of functions

(a) -Algebraic: division, square root,vcube root and nth root,

(b) Elementary: cosine, exponential logarithm, & arcotangent.
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Algebraic processes
Solution of linear simultaneous equations, inversion of a matrix,
Solution of algebraic equations and the evaluation of the

latent roots and vectors of a matrix,

Analytical processes
Quadrature, 1ntegrﬂt10n of ordinary differential equations, and

the solution of 1ntegra1 equatlons.
A library of recady-made routihes covering»tﬁese and other processeé'
is ossontiai if programming is to become possible for those who
cannot devote their whole time to the subject. The use of library
routines saves programming timé in two ways. in the first place it
saves the programmcr the task of codiﬁg certain prOCesseé for himself,
and.secondly'the library roﬁtinés are error free so that further time
is saved at the fault location stage. Furthermore his programme will
be more off1c1unt bzecausd library routlnes are econonlcal both in

their time of operation and storage space. o

The master routine of a vproblem.

Consider the problem suggested above. When the routines ‘for

the basic processes'have been coded then we must think about connect-

ing them together, i.e., arranging thét1the instructions of the
componcnx routines are obeyed in the correct sequence and that any
intermediate bits of arithmetlc or shuntlng of numbers that may be
required arc carried out. E.g., tho result calculated by the cosine
routiﬁe rust be plaged in theistorage locétion specified by the.
exponcntial routine. The instructions required for thesoc tasks arc
callecd the cementlnﬁ instructions. The totality of cementing
instructions constitute the master .putlne. The master routine is

-uc [ r-" *

at the same time a routine for C“l“q; t%‘g e 2 eos-2W=x and is sald

R

to use the basic routines as sub-routines. The master routine may
itsclf be a sub-routine in a larger problem. And so on. Likewise
the sub-routines of any routine may themselves have sub-routines.
One evehntually coies down to a routine without sub-routines.

There exist at present two distinét systems for organizing

sub-routines, known respectively as Schemés‘A and B, Fundamentally




these two systems-are similar though they differ considerably in
detail. 1In order to avoid excessive cross-referencing the two
schemes and their assoclated innut organizations will each be describg
ed completely although this will.of necessity involve a certain
amount of duplication.
Scheme A.

Scheme A which was first chronologically, will be described here.
It depends on the presence in the electronic stofe of certaln fixed
material known as ?ERM, and on the use of a 40 digit number associated
with a routine and callcd the ggg.' In general it is assumed that the
master routine and its sub-routines are kept in the magnetic store,
the various parts being brought to stores 0 and/or 1 as required,
this being effected by certain orders contained in PERM and cglled_

the Routine Changing Sequence or R.C.S, Without at the moment

considering the details either of the constitution of the cue or of
the operation of the Routine Changing Sequence, both of whlch are '
doseribed later, it.can be said that from the cue, the R C. S. extracts
the following information about a routines=-

(1) The number of the magnetic track in which it is stored.

(2) 'Thefelectronic store or stores,tkohich it is to be )

- brought. u

(3) The line at which it is to be entered. '

" Tt then carries out the appropriate magnetlc transfer applies
certain checks and enters the routine.at.the correct llne.

To enter a sub=routine from a master routine, the latter places f
the cuc to the sub-routine in a pre-assigned storage location (VS)
and thon transfers control to the R.C.S., which calls. down the sub-
routine from the magnetic store and enters it at the correct blace.
When the cnd of the sub-routine is reached, a return is made to_the
master routine by a second cue known as the link; i.e., the master
routine has to provide two cues, one to the sub-routlne and the other
for rcturn to_itseii. Library routines intended for ﬁsg with.

Scheme A arc designed to use as link ?he qqantity held in the leas?t

significant half of the accumulator on entry. Such routines start
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with an instruction which stores away this quantity and then finally
emerge to the R.C.S. with it as cue. |
True and False Cues.

Since it is not desirable that each routine should always be
stored in the same maghetic track, provision has been made for
changing the track in which a routine is stored without alteriné its
cue, This leads to the use of two types of cues which are treated
identically by both master and sub—routines but differently by the
R.C.S. The first type of cue - the true cue refers directly to the

number of the track in which a routine is kept. The second tyve, the

false cue refers instead to a line on a speclal cue bearing track.

* Instead of allocating a fixed track to a routine with a false cue, it

is allocated a fixed line in the directory which is held in one or
more cue bearing tfaéks. This line which can be set as required,
contains the number of the actual track in which the routine is stored.
We shall now describe in detail the composition of both types of cue.
The first 20 digits of both frue and false cues are divided as

follows:- | |

(1) Digits 0-9. Theée’pro#ide a control transfer number. i.c.,
one lcss than‘the humber of the line at which the routine starts.

(2) Digits 10-19. These are the check characters and are uscd

to check the track selectlon mechanism. They are given by the value
)19 .
of )1025 [/ E; l/ A‘ i when the routine is first entered,

The hort lincs / E and / A are xnown as the principal lines of the

routine and for two page routlngs, i.c. those occupying SO and S1
the check characterg may be imﬁediately determined., For details of
the formation of these charactérs in the case of one page routines see
see below (p. 3.7)

(3) Digits.20-39. Here two cases arisc acc?rding to the value
of digit 39:- |

(1) 1If digit 39 is O then the cue is a truc cﬁe and these last
10 digits give the magnetic transfer neccssary to briné the routine
to Store O and/or Store 1.

(ii) If digit 39 is 1 then the cue is a false cuc and the last




10 digits are divided into digits 20-29 which give the line in the
directory containing the required magnetic transfer, and digits 30-39
which, with.digit 39 replaced by O give the number of the track
containing this directory.

The Routine Changing Sequence.

The permanent material PERM, which is assumed to be in the
electronic store is as shown in figure 3,1 . The lines /3 to %S
contain powers of 2 which may either be considered to range from
0. 219 op from 229- 239, Lines DS and RS contain -1 and the R.C.S.,
is in lines NS - XS of store 4 and UK - WK of store 7. When PERM is
first brought from the magnetic to the electronic store the lines VS
. and £8 contain TEUN@/EZ which is the false cue of the routine WRITE
(sec p.3.16,. These lines will however be altered every time a routine
is callecd in as the cuc is always deposited in this location Before
cntering the R.C.S. With the cue in the lines V.S, and £5 and with
the link (if ahy)Ain the least significant half of the accumulator,
tho R.C.S., is entored by the instruction NS/P which transfers the
control to line CS. The first step aftor entering the R.C.S., is to
deposit the link temporarily in VK and £K, leaving the accumulator
empty, and free for other purvoscs. This instruction VKTA is followed
by JS/L which is a dummy stop. This stop will be encountered when-
over routines are changed by the R.C.S., and enables one, when
checking routines on the machine to specd through sub-routines which
arc known to be corrcct. The next two instructions differentiate
betwoon truc and false cues. In the case of a true cue the next
instruction to be obeyed ‘is £8/: which obeys the magnetic iqstruction
cpntained in the cﬁg. The next fi&e instructions form the quantity
51025{[/ E} - {/ A§%29 whose value depends on the previous magnetic
%ransfer, and which is unlikely to be correct if the wrong transfer
has beecn made. The fbur subgequent instructions are concerned with
verifying whether the value obtained, agrees with.that given by
digits 10-19 of the cue., If the two agree the link is replaced in
the least significant half of the accumulator and the new routine is

entercd by the control transfer VS/P using the first 10 digits of the
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cue., If the check characters do not agree, control is transferred

| to line NS and a loop stop containing a hoot occurs.

In the éase of a false cue, instead of proceeding with the

i magnetic transfer £5/: control is transferred to line 4K of store 7.
{ Four instructions now form, from thc last 10 digits of the cuc, a new
| magnetic transfer to bring the left half of the appropriate cue =
bearing track to store O, This transfer is carried out and the next
six instructions select the line specified by digits 20-29 of the
cue and copy the content of this line into £8. The R.C.S5., is now
re-cntered just after the dummy stop i.e., at line TS. <£S now,
however, contairs a new line, not ending in 1 and consequently [' S]
is treated as a true cue in the manner'deséribed above,

Check charactcrs for single page routines.

We are now in a position to consider the value of the check
characters for single page routinés.v In the casc of a single page
routine occupyirg either store O or storé l?ﬁgving a true cue, one
principal line #ill belong to the routine itsclf and the other will
dopend on its naster routine - i.e., the check characters will depcnd
on the context in which the routine is used. This algo applies to
single pagehxwutines occupying storé.O énd haVing‘false cues. In
the casc, hotever, of a single page foutine occupying store 1 and
having a false cuc, it can be seen from the above description of the
R.C.S., tha: the cue béaring track will be left in Store O when the
routine is brought to store 1. As therc is a convention that line
/E of a cw bearing track always contains the number of that track,
both principal lines are known and the check characters can be given
without dualification. The difficulty of having to work out the
check characsers of a single page routine for each application can
often be avoided by nairing routines in two halves of the same
track and providing an altefnativo cue which brings down both halves.

Routines having more than two pages

-

' There :is nothing in this scheme to preclude a routine having
more than two pages. If this occurs the first two pages will in

gencral be drought down'by the cuc and these will contain the cue to
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_the next one or two pages..  In this case, which is equivalent to the
calling in of an ad-routine in Scheme B (cf p 4.2), no link is needed
when passing through,the R.C.S. If the routine has a false cue how=-
ever, a linc of the directory will be needed for each part brought
down by a separate transfer. In the simple case of entering a sub-
routine from a master routine, the sub-routine usually starts with the
instruction VSTA which places the link in VS, and onds with the instr-
uction NS/P which transfers contfol to the R.C.S. If, however, either
the sub-routine has more than two pages, or else has a sub-routine of
its own, VS will be used for one or more cues before the link is
required. In this case the link must be stored where it will not be .
intorforcd with by the sub-routines, say in line 'p'., The first instr-
uction of the sub-routine will then b e 'p"T A and'ét some stage
before the final NS/P the instructions 'p' T /, VSTA must be inserted.
Variable Sub=-routines.

Somctimes a routine will have a variable or undetermined sub-
routine, i.6., onc which is not decided until after the routine
itself has been completed. This occurs for instance when an undeter-
mined function is énvolved, CeBe,y in calculating-j{}(x)dx. In such
cases the function is determined by a sub-routine:‘and.the sub=-
routine is given through:its cuc. These variable sub-routines will be
'subject to numerous restrictions imposed by the master routine, €ig.,
certain stofe lines, used by the master routine must not be used by
the sub-routine, and the result must be given in a specified form.
Thé acocount of the master routine must also speclfy its own principal
lines at thc time of ontering the sub-routine, in order that the cue
of the lattér may be determinable., These principal lines will be
presumed td be the same as applicd on entering the master routine
unless.otherwise specified.
The Official Account_of a Routine.

The official account of a routine is designed to provide the
uscr with all the inforﬁation he needs to inco rporaté the routine
in his programme. This information is usually presented in the form
shown 1n Fig. 3. 2' and is divided into the fblloWing sectionss~

1. Name of Routine. This name, which may be punched on the tape for
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purposc of identification, is generally about 10 characters long
and in any case must not exceed 29, It should give some indication
of the purpose of the routine,

nggggg. This should contain a short ‘description of the oljcct

of the routine.

Cucs. Where therc are altcrnative cues, they should all be given
herc. .

Sub-routines. The names of any sub-routines should be given., If

a variable sub-routine is to be used a remark should be made to
this effect.

Princigg} Lings. The contents of cither /E or /A or both on

leaving the routine, should bec stated.
Tapes. ' The system of naming tapes will be described later (p.3.1k)

and the names of all tapes needed to input the routine should be

given.,

Magnectic Sﬁopggg. For routines with true cues the actuai track
numbers can be given here, otherwise the word"variable' shouid
be entered,

Elcctronic Storage. This should give the numbeys of the

elecctronic stores in which the routine operates.,

Stores Altered. All store lines altered in the course of the
routinc with the exception of those in storcs 0 or 1 or in the

special working spacc GK-£K (secc p.3.20) should be'listed_here.

Also all B-lines altered apart from B7.

Effects. .The offects of the routine should be described accurately
in so far as they arec known or considered to be of intersst. These
will often consist of equations or‘inéqualities relating the states
of the machine immediately before entering and immediately after
leaving the routine. Conditions of validity, accuracy of results
etc., should be included, also some statement of the time taken.
Some account should be given of the method used if this is not

obvious and unusual tricks should be pointed out. -

The INPUT Routine.

The first four tracks of the magnetic store contain routines

which arc considered vital to the successful operation of the machinec.
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As a precaution against their content being accidentally altered by
faulty writing transfers, these tracks are isolated, i.e., the

wiring is so arranged that writing transfers to them are impossible
‘while reading transfers are unaffected. Track O contains.the routines
INITIAL and ROUGHWRITE (scc p% 12\ track 1 contains the two parts

of PERM and tracks 2 and 3 contain the INPUT programme. This latter
provides the standard method of reading routines and certain other
informatibn from tape into the machine., Its effect is to scan the
tape in the tape reader, distinguish certain seéﬁences of characters

and ‘trecat these in particular ways depending on their first or

warning character.

The INPUT programme can be entered by setting the hand-switches
to A///, pressing the key marked KEC and then éwitching on the
completioh signals, The KEC key cleq?s all the electronic stores
including the control tube and conscquently when the completion
signals are switched on the first instruction to be obeyed will be
that in line E/. Since this line is also empty this instruction is
//// ieee, 'obéy H as a magnetic transfer! wnich brings the left
half of track 3 to Store 0. One page of INPUT is now in the
e¢lectronic store and the control takes the instructions from this
routine, starting at line @/. The following instructions cause - the
second page of INPUT to be brought to Store 1 and then the two pages
of PERM to be brought to Stores 2 and 7. Having effccted these
magnetic transfers the reading of the tape is started, INPUT may
also be cntered by setting lH* = //// instead of A/// (sce INITIAL
p 3.18) or else entered in the normal way by a cue, in which latter
casc PERM is not brought down again,

Warning Characters.l

For the purpose of the INPUT programme certain characters i.e.,

J, K, Z, W, ¥, Q, ", X, are treated as qgrningfcharacters i.e., are

used to designate the start of a meaningful sequence. When the tape
isvplaced in the rcader and the INPUT rbutine started, cvarything
on the tape is Jgnored until the first warning charact'r is reached.

A number of subsequent characters are then read and treated in some
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particular way, the length of the sequence and the nature of its
treatment depending on the value of the warning character as describead
below. |

J. The length of tho associated meaningful sequence is eleven
characters. If the last character has 0 for its last dlglt two
lines of store Lt are altcvcd, nemoly thc two lines of columns % apd D
whose nunbers are plvcn by the 6th character of the sccuencc. The
second, third, fourth and Tlfth cheracters are coplcd 1nto the line
in column 2 % while thP.aGVbnth, clvhth, ninth and tcnfh go into the
corresponding llnc in column D, For ‘example, the effect of the
sequchce JABCDUFGHIJ is to put ABCD in line U% and FGHI in line UD.
This apparcntly somewhat involved proccss is designed to maks the
punching of materlal as 31molc as DOSSlble. It is only'nocessary to
imagine a page of matonjal flanked W1th a column of Js on cither side
and then punch each row stralght across. If Lhe last digit of the
last character is a 1 the sequence has no effect., Thus if a mistake
in the punching is detect'ed' bofore the second J is punched the line
can be canccllod by rGOIdClﬂ“ this J by one of the characters T, 27,
veers £ 1f tne Seunan 1s correct the last character can be any of
[y B vees K, but J is usnally ~hosen for tase of punching.

K. ‘This charaCuer causes information "to be copied from the tape
into consecuclve 11nes of Lhe electronic store.' The second and third
characters glve the address of the First line to be Lllled the
fourth gives the numoer of such llnes, while the follow1n* characters
give the content o; these llnes, the totai length of ‘the sequence
being four, plus four times the number of lines. Thus KVS@J@LVA/@/
placcs JAOLV in lide VS and A/@/ in line £, Unlike the warning -
character J, K does not restrict the input to store k. Naturally
neither the INPUT programme nor PERM must be interferrcd with, but
otherwise any page may be written into. The fourth character must

not excecd 17, and thercforc to read in a full page of information

four such seoucnces will be nccessary.

Z. This is a single character sequcnce and has the effcet of

transferring control to the R.C.8., 1.¢., calling in whichever
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routine has its cue in VS. The quantity held in HK when Z is read, is
trecatud as the link.
W. This is a single character sequehce whose effect is to stop the
reading of the tape and enter a loop in Store O.
Y. This is another single character sequence and is similar in its
effects to Z. Control is transferred to the Ri.C.S. and the routine
whose cue is in VS is entered, but in this case the cuo to INPUT is
used as link instead of [H K]. |
Qe The second character gives the length of the sequence, reduced
by two. The effect is to print (on a new line) and/or punch all the
charactcrs of the sequence, 1nc1ud1ng the first two. Its main
purnose is to enable titles (or other 1dentity eymbols) of 1nnut
tapes to be recorded on the printer during the'input process, For
ekample the effect of the sequence |

' | QKSCOTLANDFOREVER
is to print and/or eunCh these same symbols. |
. This is used to innut integers in decimal form. ‘Thé length of
the scquence is the shortest consistent with being at least of length
four and cending with P, M, or £. The second and third characters
specify an address (iine pair) in the store, .The rcmaining
characters up to the first occurance of a P, M, or £ are treated as
a decimal 1ntegcr prov1ded that they are all chosen from /, Z, @, 4,
3, 5, I, U, %, or D otherw1se the tape is considered to be
incorrectly punched and a ‘hoot occurs.' The last symbol if P(lus) or
M(inus), specifies theAg%g%he integer and the effect is to transfer
the first 4O digits'of the (signed) intcger tobthe line pair

speeified. I thc last cheractcr is £, then there is no effect,

For cxamnle the effect of the sequence

n/41@sP is [/ %], = 625
and that of n/h1esM is [/ %J = =625,
The sequence , 1/3I@3£ has no effect.

X. This is a five character sequence of which the last four
characters form an instruction which is obeyed shortly after reading

the last charactcr of the sequence. Beforc doing so, however, the
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accumulator is filled from the long lines HK and PK, the former
£filling the least significant half. After the instruction has been

obeyed the accumulator is emptied back intothese lines which are

consequently referred to as the pseudo-accumulator. (Hence too, the
choice of the content of HK as link when using the warning character

Z). The orders which lead to the obeying of this instruction are as

follows:-
VKQOQ Place instruction in B7
g % ; é} Fill accumulator
// 9 /  Obey instruction
]
% % / g} Fill pseudo=-accumulator.

Since the instruction is obeyed in the form of the B-modified order
//U/ it is obvious that it cannot itself be B-modified. Also if it
is one of the special B instructions TO, TB, 1G, etc., it will always
refer to the B linc with number one less than that specified. ‘Thus
XDSQO will set {Bé] = ££££., Tastructions following an X cannot .
refer to B7. X cannot be used for multiplications since the setting
of the multiplicand is not retained. |
The characters J, K, Z, W, ¥, @, ", and X only have the

‘properties of warning chardcters when they occur at the start of a
meaningful sequence. If they occur as any of the characters from

the second to the last of such a sequence they have their ordinary
significance. Once such a sequence has been read the INPUT programme
ignores all characters on the tape until another warning character is
}reached. If an error occurs in the punching of a tape it is some-
times possible to make a sequence ineffective by punching £ in place
of the warning character but if this is done care must be taken that
the subsequent characters of the seqﬁence are not themselves liable
to be read as warning characters. cC.g., if in the sequences
XDSTJXVKTA, the first X were replaced by £, then the J woula be
treated as the next warning character and XVKT would be read into
line A% otc., possibly throwing out the whole of the” subsequent
reading of the tape.
Rough Tapes.

When a routine has been coded, it is punched in the form of one
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or morc rough tapes, these being a temporary form of storage, latcr

to be supcerscded by the corresponding writing tapes when the routine

has been tried on the machine and any errors eliminated. One rough
tape is punched for each page of the routine, and has the effect of
transferring the content of that page. from the tape to the electronic
Storc 4 and thence to the appropriate magnetic track. The punching
on a rough tape consists of the_following four perts:-
| 1. Titling sequence.

2. Destination. sequence.

3. Punching proper.

4, Final sequence.

1. The Titling Sequence.

“This consists of Q n Name of the tape.Whore n is the number of
characters in the name. As the library routines have names for
identification purposes, SO do the tapes on which they are stored,
: In.general the name of the tape is the name of the routine to which
it refers, followed by oné, two etc., according to the number of the
page, and ending with the word ROUGH if it is a rough tape. There
- arc, however, exceptions to the above and hence the necessity for
entering the names of the tapes in the official account'of a routinc.
8.g., the library routine RECIPROOT occupies one and o . half pages,
whilc the other half page contains EXAPP., 'The rough tapes for the
former routine arc RECIPROOT ONE ROUGH and RECIPROOT TWO ROUGH while
that for the latter is RECIPROOT TWO ROUGH. The titling secuence
enables a printed record to be kept of all tapes put in;during INPUT

2. The Dpstlnatjon Sequence.

- routine
This sequencce which is used in connection with the/ROUGHWRITm

(see p. 3.15)dctermines the magnetic track into which the content of
the tape is to be written. It takes the form:- |

KAK@///% (Magnetic half cue) 4if the tape corresponds to a .
- left hand electronic page.

or KAK@//F% (Magnetic half cue) if it corresponds- to a right
' ' : hand electronic poge.

.In géheral the magnetic half cue consists of the last four characters

of the cue whether this be true or false. If however the tape
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corrcsponds to a page which is not brought down by the cue, but by
a subscquent transfar within the routine, then it is this transfer
whiéh must be used in the destination sequence. It may happen
occasionally that a page of information is used in both left and
right hand electronic pages but in this case the column numbérs on
the programme sheet will indicate whether the left or right hand use
is to be considered. Also if there are several possible cues, the
one chosen to form ﬁart of the destination sequence must be that to
which the numbering of columns on the programme sheet is applicable.
3. The Punching Proper.

.....

This is the information which is to be read into the clectronic '

store nrior to copying it into the magnetics. It may be punched
with either J or K as warning character but if K is used, the third
character of each sequence must be 4 or D so that the content of the
tépe is always read into Store k. |
Y4, The Final Scquence.

On rough tapes this is always KVS@//////A/YW. [//////A/ is the

cue to ROUGHWRITE which, as has been mentioned above, is kept in the
isolated track O. This routine forms the correct writing transfer
fronm the destination sequence, if necessary using the directory, and
" then writes the content of Store 4 onto the appropriate magnetic
track. The scquence KVS@//////4/ places the cue in VS and then ¥
transfers control to the R.C.S., which calls down ROUGHWRITE and
enters it with the cue to INPUT as link. After the magnetiq writing
transfer has been carried out, INPUT is re-entered and the W on the
tape is read, causing a loop stop on Store 0 i.ec. stopping the tape.

In addition to the four narts of a rouﬁhéa§€aescr1bed above it
is usual to start all tapes with a number of Cs and end with a
number of £s to give a visible means of distinguishing between the
starting and finishing ends.

Setting the Directory.

-

ROUGHWRITZ will deal with roﬁtines having false cues provided
that the directory is correctly set first. This can be done -by

nunching a rough tape for the directory in the following forms-
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ODDIRECTORY
KAK@///3EE//
Punching proper
KVS@///E//A/VW -

This tape must be read in before'any‘of the other‘rough tapes.

Writing Tapes.

Once a routino has been checked on the machine it can be punched

as a writing tape which is the standard form of storage for library

routines. These tapes take the form:-
Titling SequenceI
Destination Segquence
KPK@ Check sum
éunching prdper ' o '

The titling sequence 1is sxnllnr to thet for the correspondinﬂ
rough tape but has the five characters ROUGH omitted *nd consequently
n is reduccd by 5. The destination sequence is the SWJO as for the
rough tane, The check sum which occurs in the sequence‘following
the destination sequencc, is the sum nod 2%0 of all the long lines of
the punching proper and is placed in lines PK and QK. This sequence
does not dppear»on a rough tape since it is used as a check b§.WRIfE
(sce bglow) but not by ROUGHWRITE. Tﬁo punching proper is thé.same
as for the rough tape Dpurt from any correctlons that nmay have been
nccessary. The Z at the end of the tape rcplaces the final scquence
and provided VS has not_bcen altercd, has fhé cffect of entering
WRITE via the R.C.S., since the cue of this roﬁtine is in lines VS
and £5 of PERM as stored in the magnetics.

This routine whose>fdlse cue is held in line V3 of PERM has the
same cffects as ROUGHWRITE but incorporates checks on the reud1nv
of the tape and the nagnetic transfers. When the punchlnﬁ proper
has been read into Store 4, the sum of the long lines (Mod 240) g
conpared with the content of PK and_QK. if these agfee,'the content
of Store 4 is'written onto the appropriate magnetic track as.found
fron the destination sequeince and this transfer is checked. As a

final check, the content of the track is read back to Store 4 and

the check sun formed again and compared with the content of PK and
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QK. If any of these three tests fails,'control enters a loop stop
containing a high pitched hoot, while if they are passed it enters
a low pitched hoot. There exists also another version of WRITE
called WRITE/A which has the same cue and the same effects but
re-enters INPUT if all the tests are passed instead of stopping at
the low pitched hoot.

Punching Writing Tapes.

Usually writing tapes will be punched automatically from the
correct version of_a routine as held in the magnetic store, To
punch these tapes WRITETAPE/A must be in the magnetics and the
‘ directory set correctly. Having done this the following tape 1s
put in the reader:- | |
| K A XK@ (Destination sequehce of tape to be punched).

KVS@LEWG s EE Z
%itling sequence of tape to be punched.
The effecf of this tape is to bring down and enter WRITETAPE/A
_which, treating the destination sequence in a manner similar %o
ROUGHWRITE brings down the appropriate magnetic half track to Sk,
forms the check sum and punches the following tape:-

/7)) el
cgcccecceccecce

Titling sequcence

/77

K 4 K @ (Destination Sequence)

K PKXK @ (Check Sum)

Y/ //

Punching proper punched with warning character X.
/S /I n :

L£L£LELELLELLK

AV A AV AV

If the titling sequence is omitted from the stcering tape which

will then end YY, it will be omitted from the writing tape also.
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Gmpound Tapes.

In preparing a programme involving several pages it is not
desirable to have each page on an individual tape, as arart from the
danger of omitting one such tape  a great deal of time is wasted in

putting}the individual'tapés into the reader, Hence we make

compound tépes qnto which are copied all the tapes needed for a

_ progrqmme} In such a case where there is no-danger of overlooking
part of the tape, the titles méy be omitted in the copying. Such a
compound tape will in general start with a rough tape to set the
directory, followed by the rough tape for WRITE and will then consist4
of a series of writing tapes. If one writing tape fails on any of |
the checks in WRITE, the tape éan be moved back through the reader by |
hand to the start of that section and then INPUT reentered by | :
pressing KEC.when another attempt can be made.

Steering Tapes.

A further type of tape which may be mentioned here is the
stecring tape. This tape 1s used to start a computation or initiate
some.machiné process; 'Its cxact composition does of course depend
on thc naturc of this process but in general it consists of a number
of K °oquuncys, setting parameters, inputting numerical data etc.,
followed by a sequence KVS@(Cuc)Y which after sctting the first cue
of uhe programmc, enters it via the R. C.S.

INITIAL. This routine is kept in Store O together with ROUGHWRITE.
Tts purnpose is to record the start of a computation when working in

what may bo termed the Formal mode where a printed record is kept of

all action ta'cn during the operation of the machine. It is cntered
by sotting LH} = //// and pressing KEC before switching on the
completion signals. When ontered it causes the printing

++INTTIAL-- and then cnters INPUT.

CODanthHS.

The muchlne‘has a very grcat flexibility. Although this has
‘vaious advantages, it has also certain disadvantages which can
become scrious unless prccautions are taken., It is for instancc
possibple to alter the whole content of the clectronic and magnetic

stores mcrely by putting an appropriate tape into the input.
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Although we may bc often glad of this fact it incrcases the possitbtle
damage which can be caused by mistakes. The remedy for this kind of

difficulty lics in the introduction of conventions. These are in

effcet decisions to rastrict the freedom of flexibility of the machine
in various ways. It is hoped that thc loss of flexibility will be
fully compensated for by the advantage of the resulting reduction

of the uncertainty of the state of the nachine. The conventions are
mostly not to be regarded as absolute commands or prohibitions, but
rather as normal procedure, any deviation from which must be noted
in the descriptions of the routine in which they occur.

" The whole of what has been said about programming is in féct an
elaborate convention regarding the ﬁse of the electronic store and
the user can ignore it altogether if he considers it'desirable. The
conventions should not be regafded as pure tyranny, but to know that
they have been obeyed in the programmes one is using is a great
comfort. Moreover they enable one to reduce considerably the lengths
of official accounts of routines, sincé they allow & great deal to
be taken for granted. |

Use of Electronic Storc.

When Scheme A was originally devised it was feared that only 5
electronic stores might be available. This has fortunately not been
the case but it appeared probable at the time. In laying down the
conventions for operatihg the machine and ir dceiding which 5 stores
should be usced, the following considerations were taken into account:

(a) The choice of the five pages must de convcnient if there
werc only five available, but must also be cohvenient if there wsre
six, seven or cight.

(b) The routines must be restricted to relatively few pages
so as not to intoffere with other forms of storage.

(¢) Similarly uscd pages‘shpuld nreferably be partnercd. This
applics particularly to systematic working smace ang to the spacé
used for routines.

(4) Systematic working space should if npossible consist of

consccutive lines. ,
(e) The powers of two must be consecutive with the space used
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for routines. o . ,

(f) The first fow instructions after operating KEC are‘teken
from column /. |

As a result it was decided to take the 5 etorese numbered Q,‘l;
2, 4 and 7, and to allocatc their useLas‘follonsw | .

‘Storss 0 and 1 would normally contain routines, i.c., instruct

jons and auxiliary fixed numbers etc. The transfors. qsed in the
R.C.5., would normally be to one or- hoth of these stores.

Store 2 would contain PERM i.e., the powers of 2 and the R.C.S.
If it was desired tc extend the powers of 2 foria,particular~routioe
20 219 could be in lines 0@ - £4 of store 1 i.o,,,eontinuoos_with‘
the powers of 2 in PERM. L . N

Storc 4 would be used for systematic working space iy could
be used for tables or other systematically stored mafer;al.: Usually
Input would be into this store. .

Store 7 would contain the parts of the R C S. relatlng to false

cues, the remainder of the pagc belng used for unsyetemmtic worklng

space 1.¢., in generel&unrelated_long lines.:

LI
. Lot

The other pages 1f and when they becameﬁavaiiéblemcould'be used
as follows. O A ' '
§i9£§.3 could be used either to extend PERM ‘or as ‘further
] systematlc or unsystematlc worklnp space, or for a" combination of
these. o o S '

Store 5 woula be avallable as further systematlc working space

being partnered by store Y, _
§§o£e_6 would be avallable for either systematic or unsystematic

working space. o

| In practic' all 8 stores are available but in general their use
is as outllned above. The 11nes GK MK, VK are generally used as
spocial short term worklng space i, e., to ‘contain quantitiss which
aro(no longer of 1nterost onCo the routine is- finished. Lines MK
and VK arc 1n any case used in th° ‘routine changing sequencc, It
will be scen that the orosonco of uhOSG ‘thres -lines-and the part

of PERi on btore 7 makos thls nage useless for ‘dystematic working
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spacc., If further short term working space is required onhc may use
those lines of Stores 0 and 1 which contain instructions which will
not bec obeoyed again before they arc wiped out by a magnetic transfer.

4. Replacability conventions.

Tt is cssential for the possibility of programming at all that t
the propertics of the machine should hardly ever be changed. There
are however certain features of' the machine which can be re asonably
be doscribod as 'disadvantageous‘. It is desirable to leave open
the possibility'that these featurcs might at some time be removed.

This suggusts the convention that no disadvantagcous feature of the

machine should .be uscd in a library routine.. This requires some

further definition. It is understood in conncction with cach such
feature that it is known what modlflcatlon improving the machins is
contcmplate d. The'rdutinéé‘must worx whether such a modification
has been introduced or not. The featurss at present recognised as
disadvantagéous'are‘mentionod'below.

a) Certain. functions are not considered of particular value: -
and roted as 'foul'. These arc /B, /"', /x, /£, TE, T8, TU, TH, TY,
TP, TQ, TM, TX, IV. The modifications envisaged are the changing of
these to other operations, so that the convention amounts to the
avoidance of their use. .

b) The exceptional nature of thé linc pairs at the end of a
pago (sce p.l.6) is disadvantageous. The modification would consist
in bringing thesc into linc with the other line-pairs. The use of
such line-pairs must be avoided.. |

Conventions when using Scheme A,

When working with Scheme & the following conventions ére
adoptcd:- , | '

(1) It is assumed that PERM is in p031tlon in otores 2 and 7
i.e., that the powers of 2 and the R. C S. are available for use.
Routlnes arc assumed to be entered by thelr cue via the R.C. S., the
link being held in the least 510n1f1oant half of the accumulator.

(ii) Instructions are in general con;lned to Stores 0 and 1

and in order to avoid confusion in the forming of the check




3,22
characters lines /E and /A aré never used as working space.

(i1i) 1In the official account of a routine, mention is made of
any lines that are altered, except for those in Stores 0 or 1 and the
special working space GK - £K. Similarly, mentlon is na de of any
B lines that are altered apart from B7 which is itself altered by
the R.C.5. |

(iv) Where possible the higher‘numbered_B,lines are to be used.
If BO is used it must be - clear on leaving,the.routine.

(v) Disadvantageous features should not be used.

(vi) Magnetic tracks 0 - 3 are isolated i.e., it is imnossible

to change their content. (see p.3.10).

Track 32 is special working space il.e., 1t can: be altered in the¢
]

course of a routine without being mentioned in the official account.
Track 33L_contains the directory.

Strategical Con31derat10ns.

When thls chaptor has been read and understood the recader will
be in a n051tlun to appreciate the remarks under the above heading
at the cnd of the next. chunter (see p. 4.1%) ~ Since these remarks

apply equally to the two Schemes they are not reoroduced here.




PERM & The_ Routine Changing Sequence.

E// /*
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MANCHESTER UNIVERSITY COMPUTING MACHINE LABORATORY.

Programme Sheet 1.

e e ————— —— et 0

i
!
I
1
H
1
!
]
i
!
i
]
i
i
!
!
!
I
i
f
i

Name of Routine. COSFAST.

= o 55

Date. 8010‘51.

Purpose. To calculate cosines.

L emere. o weavee e

Cues.
££..0/7/7/
et e i = e e R
Sub-routines. i Principle Lines.
. . 1 - - :
A " | /B = vk/F
1 - -0
!
e e e e ot e e s o
Tapes. E Magnetic Storage.
ol ‘A ! gy 2

COSFAST ONE. - i 7L

e et e o e e e e 4oy o At St AL B s B o e S e B G e e Gt St s Gt B W P S W B Bt el N e B G S AN SR S A S S e S e G Sl DS S0 s mmom RS S oS- mS e

Effects.

-——— oy

Initially |/ Cl,, = & .

e e o =t tin S e n m e s Ms o S G ek eus <o e W Sm et ame e s e A e e e e e me e

PR - e SR L adasirahade e Bl deihed i

-t : P 140
‘Then |3 C!+f = ‘% cos 2Tix + Q (4 x 2 4 Y.
' : ‘ | 72 2
Method., (1). x = 1E%§~~
| (2). u = 1i-cosv2x. . (by power series).
i ‘ : -
; (3). v = 2u - w? = & (l-cos 2v2x ).
i (4). & cos 27X = (2v-1)2 - 5.
| . .
{ Note
| o I i 1
! e [7¢c] = o [: ¢]' = meseessx.
! ie [7cl = % [ cl' = /100/10n.
! . e
! Time. Approx .05 sec.
| Lime |
i .
{
}
e e e e e mm
Fig. 3.2
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Propramming (cont) ‘Scheme B.

The size of a routine.

In this scheme for handling routineb,';t is a nococsary
rcquircment that each routine should not ocoupy more than one track
of the magnetic store, i.c., cach routine shall contain 128 instruction!i
or lecss. However mathomatical processes do not arbitrarily limit
themselves to any particular size and if the direct coding of ﬁhe
proccss results in more than 128 insfructions ﬁhen one of the
following two plans must be adopted. The process could be further
broken down into yot simpler processes and the whole cod d asAa
master routine with one (or more) sub-routine . The other nlan is fo
arrangc the process as two ad-routines (scc next scetion)., ' <

Organisation of routines: the routine changing sequenne/B.

It has beon oxplalned how a comnlete programme is organlsod by
splitting it un 1nto bits called routines. In the next fuw sections
we desceribe a schomo for arranging that the various routines are used
in the correct sequonce. . o |

A1l the routines of a programhe'are stored in thc magnetic store,
each routine occupying, at the most, one}track. Bach routine 1is
transferred from the magnetic store to the clectronic storage SO, S1 ‘
when required, ovorwrltlng the pravious routine which ‘called it in.
When the routinc has bechn TOud into S0, S1 in this way then control
is transferred to its entry instruction (which is not necessarily the
first). Thus only onc routine stands in the electronic storc at any
stage of the nrOﬁrammc and if nut a solf contalned programmec, must
contain the instructions necessary to replaco itself by another
routine., It isA;ntcndod that certain material shall be narmancently
aveilable in S2. This includes the powers of 2 and the routine
changing sequence/ﬂ (sco bulow), ALl the rest of the store with the
exception of the first few lines of 83 is available as working space
for the routines.

Sub~ and ad-routines.

In this section we discuss the possible circumstances under which
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it may be necesséry to replace one routine by another. There are two
important cases.

1. At some point in the sequence of instructions of a routine
A it may be necessary to break off and carry Qut the inétructions of
another routine B. After obeying the instructions of B, i.e., after
routine B has carried out its task, it is required to resume the

obeying of instructions of routine A at the point immediately
following that at which it was left. This relationship is descrlbed
by saying that routine A uses routine B as a sub-routine.

2, In this case it is not required to return to routine A after
complefing routine B, Under this cifcumstance routine A is sald to
use routinc B as an ad-routine (adjacent routine).

The essential fcaturc of the first case is that cortain inform-
ation specifying‘routine A, i.e., the location of A within the
magnetic storé, and the point at which it was left must be recorded
and proserved until routine B has completed its task, when this plecc
of information = called the link - is made use of to return control
to A .If routine B itself uses a sub-routine then 2 links must be
%rescrvod until they are nceded, And so on. In case_2 no 1link is
involved in the change‘of‘foutine. :

Levels of organisation,

We shall sneak -of routinos being organised on separate levels.
Thus the ad-routines constituting the master programme definc the
zoroth lovel., If onc of these routines uses sub-routines, then these
dO;an the first level., If these sub-routines in turn use other
sub~rout1ncs, then the latter will 1lic on thu second levul, and so on.
_ It is very seldom that a problem sprcads over more than 4 or 5 levels.
The accompanying b}ock diagram (fig %) of a problem illustrates the
,\conéepts alfcady introduced and in addition two associated concents ;
thosc of vnen and closed routines - which are explajned below.

Tho nroblem has becn split up into 10 routines numbbred 0 -9,
Therc arc 4 levels. Routinc O calls in routine 3 as a sub- (closed)

routine, A similar relationship holds between 2 & 6 2 &7, and

between 8 & 9, Routine 1 calls in routine 4 as a sub- (open) routine
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routine 4 calls in routine 5 as an ad- (closed) routine, and routine
0 calls in routine 1 as an ad- (open) routine.

Open and closed routines.

We now deflne more clearly the torms onen and closed which have

RS Vo

been used tentatively above. An open routine is designed so that

when its task is completed it calls in another routine on the same

level. A closed routine is designed so when it finishes control

a routlne on
reverts to/the nrevious level at a pOLnt 1mmed1ately follOW1ng that

at which it was last left, It should be emph331sed at thls point

that the opening or closure of a routine is alnroperty of the routine

i.e., 1t decpends on the design of the routine, whilst the sub- or ad- i

prefixes describe only how the routine is uscd' 'Thus it is possible
to use eithor open or closed routine as both sub- or ad- routines
in different contoxts, as in the above example.

Cue of a routinc.

With each routineiof the programme is assoéiafed‘a line pair of
information, called its cue, made up as follows.

(a) digits O - 9. This is the control transfer number, i.c.,
1 less than the name of the line in which the routine starts.

(b) digits 10 -~ 19, These are irrolovant;

(c) digits 20 = 39. This is the magnetic instruction which
would bring the routine to wlsectrnaic pages'O, 1.

(a) A/ /7 %/ 7/
Routine held on.track 13. Starts with an order in :/.

| A given trach of 1nstructlons may have sceveral cntry points so

that several routines may be associatod with the samo track, i.e.,

have idcntical magnetic half cues.,

The €uc Dircctory.

When tho problem has beon split up into convonienﬁ‘steps the
_.corresponding routines arc enumerated 0, 1, 2, étc., i.e}, cach dlstinet
rdutine is given a number. BOutinos corresponding to distinct points

of -the samc nage of instructions count as distinct routines for this

purnosc. An ordered list of cues, called the cue directory is then
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preparcd, This list is held on a fixed track of the magnotic store
(34 at the time of writing) and is brought down to SO, 1, for
reference purnoses when a routine is changed. The list must be drawn
up so that the cue of routine O stands in lines / /, B/, the cue of
routine 1 stands in lines @ /, & /, .And so on. |

The routine changing sequence/B.

The routine changing sequenée of instructions (denotcd hence-
forth by R.C.S/B) occupics lines NS to £8 inclusive of 52 and,
together with the powers of 2, is intended to remain vpermanently
available in 82 throughout the duration of the problem. The first
fow lines of 83 are also permanently used by R.C.S5/B.

The purposc of R.C.S/B is to enable routines to be changed
without having a lot of preparatory bother in the routine that is.
beinz left. A schewe which nocessitates the fewest possible
instructions - 3 lines - in the main routine has been adopted. Ihi;.»
is possible because the task of recordihg and preserving a list of
links is performed by R.C.S/B. When a sub-routine at any level is
called in the link back %o tho original (i.e., the calling in)
routinc on the preovious level is added to the list., The links in
this list thus constitute a chain of control extending back to the
zeroth (or master) level. The length of the list measurcs tho level
_of the current routine., The level j is recorded in Bl thus:

'[B ] = 2j+2, I /., (&s a consequencvof this Bl can only bo used
withih a routine if this paramcter is temporarily stored clscewhere
and replaced before using R.C.S/B to change a routine), The list of
links is kept in the lino pairs / I, @ I, : I, etc., that to the
master level from the lst level standing in / I, that to the 1lst
level from the sccond level standing in @ I and so on. B7 is altered
by R.C.S/B.

In the routine being left the instructions necessary to call.in
the nth routine as a sub-routino and as an ad-routine are

respectivelys
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S ) ;9 0 (s = 2 characters)
s+1 ¢ 3 P (2n = 2 characters)
5+2 2n, / V

mnwnnn
+ +
PO H

Ogé 9
2n, /

, <o .

Consider the first group. The effect of the instruction s, Q O
in location s is to substitute itself into B7. This will form part
of the link. The next instruction G S / P transfers control to a
point within R.C.S/B. The subscequent events are, roughly, as follows.
The content of B7 is changed %o s+2// and this - the control number
for tho return - is used'téAreplace the control number in the cue of
the qurrent routine, By means of certain shunting operations the 3rd.
line of the group, 2n, / V is placed in B7. Tho directory is then
- called down from Y to S0, 81 (A useful vuriatlon of R,C.S/B is one
which-provides for the dlrcctory or a suitably large fraction of it,
to be. permancntly avallable in the olcctronic store on page 3 or k4
égy). A B7 modified instruction is theh used to select the cue of
the new routine from the line pair 2n of SO, This cue is added %o
the list immediately below the cue (now the 1ink) of the previous
| routine. The value of j given by Bl is ﬁhen.incrgased by 2. The
magnetic half of thc new éue’iS'then obeyed’as a maghetic instruction, -
bringing down the now routine to S0, S1, At this point a dunmy stop
order / G is cncountered., This is a suitable ﬁoint to use this
facility if any visual obsérvﬁtiOn of ﬁhe mohifors is contenplated.
When this stop has been pasSéd the cbntrol.number part of the cue is
used to transfer cbhtrol to the routiné .

The behaviour of R.C.5/B wheﬁ used to call in an ad~-routine
differs from the above in that the cue of the new routine is written
over the cuc of the routine'being left, and parameter J is not |
altered,

Design of closcd routlnoo.

The essential xeaturc of a clos 3d routlne is that when its tas..
is completed it causes control to revert to the previous level,

R.C.S/B enables this to be done simply by 1nsert1ng the instruction

7
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NS/ Pat the oporationai end of the routine. The opcration of
R.C.S/B under this circumstance is roughlj as follows., The parameter
J given by(Bﬂ is decreased by 2. The previous cue in the list, the
link to the prévious routine, is used in the usual way to call down
and re-cnter the main routine. This will be at the line s+3,
immediately following the ‘instructions by which it was left.

Role of the accumulator in routine changing. |

A furthor feature of R.C.S/B is that [A] and [D] are not

-

altcered when a routine is changed. Thus, e.g., a routine for finding

VX may be coded on the assumption that x is held in the accumulator.

R.C.5/B.
|SjN{" 8 / L| control number
| FIE E / /{ magnetic instruction: 33L to S50
Entry for ad-routine —3|C{Z S Q G [Bj}' = s+2, / /
' K{A : Z G] adjusts Bl
TS ¢/ 0
ZIiV £ P O
constants
- lime gl
Entry for sub-routine—)|W|Z S Q G| [B7]' = s+2, //
HV S Z Z plants 1link
vi///qTl [B7]'= 20,/ V
Pl@ IE Al plants M
QlF 8/ :| calls down directory
0|/ / U TP| selects cue of new routine
B|/ I E Al odds cue to list
G|L S Z G| adjusts [Bl]
"V 8§ B J| restores aécumulatqr
Entry from closed —3[M|A : 2 G| adjusts [Bl]
routine.
X{£ S E :| calls down new routine
/ G| dummy stop ‘
| V S E P| enters new routine
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Notes.
1. . Thc onth routine is callied in as & sub=-routine by the group

of instructions:

S s, @ 0
s+1 | 68/ P
s+2 | en, / V
and as an ad-routine by
S .Sg Q 0
s+1 | QS / P
s+2 | 2n, / V

5, If thc programme involves the J th level (master level
= jv= 0), then line vairs /I, @I, « . « , (23)I are used by R.C.S5/B.
Line pair (2j+2)I is used as working spdce. '
We describe in detail the programming of the problecm suggested

at the beginning of Chapter 3, namely, t0 calculate and print the

%,“ cos 2Tx

function e for various values of x punched on the input
tape. To make the problem more prccise (and easier) we shdll suppose |
that 'i”>]x|>_%3 . The reason for this limitation will bocomo clear
later.  From the libfary of routines we select routines for input
and printing ppocesses and for the calculation of the exponential
functions and of the cosine function. These routines together with

o moster routine (yet to be made) are cnumerated and allocated

magnetic storage and cucs as in the folleowing table.

0{ 5 L | Master s2//8///
1|5 R| PRINT/A cn//8/ 8/
ol 6 L | INPUT/B / /77177
31 6 R | EXPONENTIAL/B|{@ @/ / 1./ E@
L|7 L|cosINE/A /7/77v/ 7/

It is o convention that the master routine shall be the zeroth
" -poutine. The first half of the cue of each routine (the control
nupber) L5 given in the official account of the. routine, sabbreviated

accounts of the above routines. are given below. -
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Nome of Routine., PRINT/A.

Purposc, To print, in fractional form, the number held in A.

Control Numbers.

% § ; ; * convention.
g % ;_5 + convention.
Magnetic Storage. - Electronic Storage.
Variable, . : s 0,

@tores Altercd,

fone.,
Effccts.

1. When the routine is called in it causes the 80 binary digit
number held in A to be printed as a fraction on the + or T convention
according to the cues used,.

2. If thé fraction is ncgative, a - sign is printed, otherwise
a spacce is left befor@ the number.

3, The style of printing is specified by a 40 digit line (the
digit layout constant) which must be sent to D before the routine is
called in, This digit layout constant is interpreted as follows:

Starting at the most significant end the digits of the number
are examined in turn. If the rth digit (counting the mqst
significant as the 1st) is 0, then the (r + 1)th character printed is
the next decimal in the fraction; if a 1,lthenthe (r + 1)th character
printed 1s a space = provided that such 1l's are isolated. TIwo
consccutive 1's causé the last figure printed ﬁo be followed by 2
spaces after which the routine is left and controlAreturned to R.C.8/B.

(1) //As3T/E causes the nwiber to bc printed as 5 blocks of
5 digits each,(cach.block being separated by a single space).

(i1) /////AG@ couses printing in the style of 3 blocks, each
of 4 digits, In this case the lst 5 characters are ir;elovant.

ly, If tho lesser control number is used in the cuc, thon a

carriage return and line fced occurs before printing.
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Name of Routinc, INPUT/D,

Purposc. To reod from the tanme into the accurulator one signed
fraction,

Control Number.

/17
Magnoetic Storage. . Electronic Storage.
Variable. ‘ o ' S 0,

Storcs Altercd.

None. (i.e., other than A, D, B7, or lines within the routine
' itself).
Lffccts,
RLILCCLS
1. Let x denote the fraction punched in decimal form and

followed by sign, e.g., =% 1s punched as 333333333333333~-, where it

is understood that the dccimal noint liec immeodiately beforc the first

digit punéhod and thot any numbcr of digits may be punched - although
only the first 23 will be treated. The effect of tho routine can be

described by the equation
. o ,
A, = x
o

2. The accumulator must be clear when INPUT/B is cnlled in,
3. Accuracy: maximum error is 5.2”80
4, Specd: about 50 characters mer sec,

Nanme of Routine. EXPONENTIAL/B.

Purnosc. A  slow routine for calculating accurately thc oxponential
function over a 1li ited range of arguments,

Control Number

ee/ /.
Magnotic Storage | Electronic Storage.
Variable. : e ‘ S 1.

Stores Alt@red.v

Effccts.

/'’ N _
(1) [: C] = exp [Ll -1
wherc the quantitics are expressed in nlus - minus
fractional convention,

=37

(2) accuracy: maximwa crror =
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(3) Times apnrox. 0.5 seconds.

(4) Method: the repetitive scquence used is

2
n
= z + 2, ce Exal 1),
zp-l N z / (See Example 5 l?

initially z) o = x: finally Z, = (exp. x) =1,

(5) If =3¢ ILJ log 1.5 the result is within rangej if
log 1.5 <.]L] log 1.5625 the result is given modulo 1,

Name of Routine., COSINLR/A.

Purpose. To calculate cosines.

Control Number

/S
Magnetic Storage. ‘Llectronic Storage.
Variable. ' o S 0.

Stores Altered.

/¢, EC, 3C, SC.

Effects
Inttially [/ ], = o .
té :
Then [: C];, = % cos 2Tt + {° (1% x 2'40).
Method.
2 ¢ 2
(l) x - E—-——-—n
8
(2) u = 1~ cos/2x. (by mower series).,
2 N —
v = 2u~-u" = 3 (l-cos 2/2x ).
(%) & cos 2T = (2v-1)° - %
Note.
- !
1r [/ ¢] = o, then [: ¢ = megeesex.
ir [/ ¢] = I3, then ¢l = ///////7

i e e ms . s S o . B e e s B . e e e B A m S e e et B s G B e ot e B Bt e G B Bt e Bo B At BE B M e Gm B e e Ge e mm C e oSS AR eseshes b e s ee k.

The next task is to code the master routine, One form of this
routine is given below with suitable annotations., Thege, together
with the help of the information given in the above accounts,'should

be seclf-explanatory.
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prepare to print function value.
set digit layout constant

calls in PRINT/A: prints value

return to read next number
digit layout constant

¢ | clear accumulator (sec¢ note 2 of INPUT/B)
I 0 :
G P| calls in INPUT/B: reads x from tape
H Vv
/ A
S 0] ‘ -1 ;
G P| calls in COSINE/A: {3 C| = % cos 2T x
5 vV '.L')L
: /
D 0 “! Zcos 2T x
G P| calls in EXPONENTIAL/A: [: C] , = e -
I v -
J
C
0
P
v
P
B
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Conventions,

Tho machine has a very great flexibility., Although this has
obvious advantages, it has also certain disadvantages which can become
serious unless preéautions arc taken, It is for instance possible to ;
alter the,wholé content of the electronic and magnetic stores merely
by putting an appropriate tape into the input. Although wc may be
often glad of this fact it increases the possible damage which can
be caused by mistakes.  The rcmedy for this kind of difficulty lies

in the introduction of conventions. These are in effect decisions to

restrict the frecdom of flexibility of the'machino in various ways.,
It 1s homed that the loss of flexibility will be fully compensated
for by the advantage of~tho resulting rcduction of the uncartainty
of the state of the machine. The conventions are mostly not to be
regarded as absolute commands or prohibitions, but rather as normal
proccdure, any deviation from which must be noted in the descriptions
of the routine in which they oceur. o

The whole of what has becn sald about programming is in fact an
claborate convention regarding the use of the elcctronic storé and
the uscer can ignore it altogother if he considers it dosirable, The
conventions should not be rogarded as purc tyranny, but to knéw that
they have bcoen obeyzd in the.programmGS»one is using ié a grcat
comfort. Morcover they enable one to reduce considerably the lengths
of official accounts of routines, since they allow a great deal to be

taken for granted.
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1. TIfarthor conventions rezarding the usc of the elecctronic storc.
o (&)

A routine shull, as far as possible, confine any special
working space to SO and S, overwriting somc of its own instructions
if nccessary (they will automatically be reset when the routine is.
reccalled from the magnetic storc). Thus, e.g., routines intcnded to
calculate a function of a single argumcnt arc best designed so that
the argument is held in the accuﬁulator when the routine is entered
and replaced by the function valuc when quitted, any incidental
working space, i.e., shunting stations and dustbins, being confined
to the®routine itself. If two argumecnts are involved, as G.3Z.,
would be the case in a routine designed to calculate X/y, then the
second one can be held in the D register., If the routine involves
paramcters, Ce.g., the number of terms to be used in a series, then
these should bc placed in B lines.

If in spito of these devices it should be necessary to usc other
lines of the store for spccial working space, then the last few lines
of coluan XK may be used.

The routine changing conventions which have becen described
amount to the use of S2 for the strictly permanent information - the
powers of 2 ahd tho routine changing sequence - and the [irst fow
lines of S3 for the 1list of links. It is intended that the remaining
lines of S3 shall also be restricted to more or less pgrmancnt inform=-

ation, Tho‘following important uses of these lines are envisaged.

Electronic cuc directory.

A trivial modifiéation of the routine changing sequence cenables
the programmer to arrange for some or all of the directory of routine
cues to be held permanently in S3, thus eliminating the necessity for
bringing it down from the magnetic store each time a routine is
changed., This is a useful time economy measure.

The modification consists of replacing the instructions iﬁ lines
QS and OS5 by FSTL£ and ,.UF respectively, wherc the dots denote a line
pair in S3, the zeroth entry of the directory. ' ‘

Frequently used routines,

A further time economy measure is to use the remaining lines of
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S3 for one or more frequently used routines. Of course if the routine
!
is specifically designed for 50, then some instructions may have to |

be altered, either because they are not self-resetting or becouse

certein control numbérs would be wronge.

The routine changing sequence can be used to call in such
routines held either in S3 or elsc wherc in the electronic store,
siﬁply by using a dummy special magnetic instruction (so£s) as the
mognetic half cue of the routine, As a time ocononmy measure this
schdme is mostly suitably used with an electronic dircctory.

2, B~tube conventions.,

The conventions concerning the use of the B-tube are

(1) At the end of a routine BO = //// unless otherwiée stated.,
Indced any alteration of BO roquire special mention in the official
- accounts, ‘ |

(2) Where a choice of B iineS'is avallable the higher numbered
liﬁes are to be preferred. |

(3) A lterations of B lines other than B7 must be mentioncd,

3, Convecntions regording the use of magnetic storage.

So far thesc amount to the use of 34L for the DIRECTORY and 98 .
for the two pages of permanent material - PERM =~ which it is intended
to store in 52 and 3. More will be said in this connection in the
next scction.

%, Replacability conventions.

It is essential for the possibility of programming at all that
the vroperties of the machine should hardly ever be changed. There
are however certain features of the machine which can.be reasonably
be described as 'disadvantageous'. It is desirable to leave onen
- the pogsibility that these features might at some time be removed.

This suggest the convention that no disadvantageous feature of the

machine should'be used in a library routine. This requires sbme
further definition, It is understood in connection with each such
feature that it is known what.modification improving the machine 1is
contemnlated, The routines must work whether such a modification

has been introduced or not., The features at present recognised as
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disadvantageous are méntioned bclow,

a) Certain fungtions are not considered of particular value and
rated as 'foul'. These are /B, /%, /X, /£, TE, TS, TU, TH, TY, IP, ,
Til, TX, TV. The modifications envisaged are the changing of these_bo
other operations, so that tho convention amounts to the avoidance of
their use. |

b) The exceptional nature of the line pairs at the end of a page
(sec p.).6) is disadvantageous. The modification would consist in
brinking these into line with the other line-pairs. The use of such
line-pairs must be avoided ln library routines.

Stratecgical considerations.

When the programming example given above has been understood
then the reader will be better able to appreciate the following remarks
which dcal mainly with tho higher strategy of programming but include
hints on the coding of individual routines.

1) Makc a plan., This rather baffling piece of advise is often

offered in identical words to the beginner in chess. Likewise the
writer of a short story is advised to 'think of a plot! or an inventor
to 'have an idea'. These things are not the kind that we try to make
rules about. In this casc however somo assistance can be given, by
describing the dccisions that go to make up the pian.

a) If it is a genuine numorical computation that is involved
(rather than c.g., the solution of a puzzle) one irust decide what
mathomaticél formulac arc to be used. For example if onc were
calculating the Bessel function Jj (x) one would have, amongst others,
the alternatives of using the power series in x, various other power
serics with other origins, interpolation from a table, various
dcfinite integrals,.integration of the difforentialvoquation by small
arcs, and asymptotic’ formulae. It may be necessary to give some small
consideration to a number of the alternative methods.

b) Some idea should be formed as to the sﬁpply and domand of
the economic factors involved. A balance must always be struck .

between the following incompatible desires
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To carry the process through as fast as possible
To use as little storage space as possible
To finish the programming as quickly as possible
We may express this by saying that machihe time, storage space, and
programmers time all cost something. - The plan should take this into
account to some extent, though a.true optimum cannot be achieved
except by chance,'since programmoré time is involvéd, and thus a
determination of the optimum would defoat its own end. The state of
the‘market for these economic factors will vary greatly from problem
to problem. TFor instance therc will be an enormous proportion of
problems wher& there is no question of using the whole storage
capacity of the maéhine; so that spacé is almost free, With other
tjpes of problem one can easily use feh million‘digits of storage
and still not be satisfied. The s ace shortage applies mainly to
working Spacekrather than to spdce occupied by the routine., Since -
these usually have to bo written down by someone this in itself has
a limiting effect. Specd will usually be a factor worth consideration
.though there are many 'fiddling! jobs where it is almost irrelevant;
For instance the calculation of tabular values for functions which are
to be stored in the machino and later used for interpolation, would u
uSuail& be in this class. Programmers time will usually be the main
Tactor in épecial jbbs, but is relatively wnimportant in fundamental
(library) routines which are used in most jobs. Accuracy may conpcto
with machine time e.g., over such questions as the number of terms to
be taken in a series, and with space over the question as to whether
20 or 40 digits of a number should be stored.
c) Theiavailablé'storage space must be apportioned to various
~duties, This will apply both to magnetic and electronic storage.
The magnetic storage will probably be mainly either working space or
unused. It should be possible to estimate the space occupicd'by
instructions to within say two tracks, for a large part will probably
be previously constructed programme, occupying a known number qf i
tracks. The duantities to.be held in the working space should if

possible be arranged in packets which it is convenient to use all at
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oncé, and which can be packed into a track or a half-track or
quarter~track, For instance when multiolylng matrices it might be
convenient to partition the matrices into four rowed or eight rowed
square matrices and keep each either in a track or a quarter-track.
The apportionment of the electronic store is partly ruled by the
conventions we have introduced, but there is still a good deal of
freedom, e.g., pages 4, 5, 6, ana possibly 7 can be used for
systematic working space and may be used for various different
purposes that require systematic working space.

| The beginner will do well to ask for advicé concerning plans.,
Bad plans lead to programmes being thrown away.

d) If questions of time are at all critical the plan should
include a little detailed programming, i.e., the writing down of a
fow instructions. It should be fairly evident which operations areA
likely to consume most of the time, and often these will consist of
a small number of instructions repeated again and again. In these
casecs the few instructions in duestion should be written down so as
to give an cstimate of the time, and help decide whether the plan as
a whole is satisfactory. In this conncction see Hints, 2.

¢)  If one cannot think of any way, good or bad,}for doing a
job, it is a good thing to try and think how one would do it oneéelf
with pencil and vpaper. If one can think of suéh a mcthod it can
usually be translated into a mcthod which could be applied to the
machine.

Coding thc indibidual routines.

(a) As with programming a whole problem a plan is needed for
a routine, A convenient aid in this is a block schematic~diagram,
This consists of o number of onerations described in English (or any
private notation that the programmer prefers) and joined by arrovs.
Two arrows ma§ lecave a point where a test occurs, or more if a
variable control transfer number is uscd., Notes may also be made
showing what is tested, or how many times a loop is to be treversed.
The operations appcaring as blocks may be rgplaced by actual

instructions. It is usually not worth while at first to write down
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more than the last two characters of the (presumptive) instruction,
i.e., the B line and function parts. These are quite enough té
remind oneof what was the purpose of the instruction.

- One may then write the instructions into a page, deciding at the
same time what are to be the addresses involved. . Some of the finer

points of this have been described in the Hiats in chapter 2,

- (b) Manoeuvring svace., It is seldom that one writes down a

page of instructions for the first time without having forgotten a
few vital instructions. It is therefore considered desirable to aim,
not at vages which are chock-full, but say ones which are about five-
sixths full. The extra space is best left between sequences of
consccutive instructions, so that one sequence may’bo'oxtendcd
without interfering with another. The space can also be filled with
numbers if desircd, when the discovery of mistakes calls for

retrenchuent, In this cehnectidh see also sandwiching. Another

useful way of using reserve space is to put in a nuwaber of dummy stops

or of time wasting instructions, or hoots. The latter provide 'rhythm

clicks! which are very informative concerning the progross of the
routine,

(¢) Alternative entry. It is often necessary to have a number

of routincs differing in certain minor particulars. Onc would like

to usc essentially'the same instructions for all of them. The most

convenient method scem to be to use one assembly of instructions with

various points of entry. The cues of thesc routines.will then differ

only in their first ten digits.

(d) Space economy measurcs. We have already oxplaincd that the
gconomising of instructions in order to reduce the.space occupiod in
the moaghetic storc is seldom worth while, There are however
occasions when it is worth while to ecconomise them to save space in
the clcetronic store. This is ncarlr always in order to get fhe
instructions either into one vage or into pages. To do so makes the
routine tidier, and usually has timo~cconomy effects. For instance
& onc-page routine may be combincd with another one-page (master)

routine which uses it again and again without losing time over
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maghetic transférs. In these cases the two routines are able to be in
the ¢lecctronic store togocther, onc on one page and one on the other.
This effect con also be achieved by the decvice of borrowing part of
the systomatic working space (if available) for part of the mastor
routine. If a routine occupics morc than two pages, then (unless the
samec device is used) it mus@ be coded as 2 ad-routines and thus
inyolve magnetic transfers, and conscquent loss of time. To some

extent then tho considerations mentioned under manocuvring space may

be overruled, though they generally apply for routines of thrce or
more pages. Some possible economy measures have been described in -

the Hints of chapter 2.,
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The Input Organisation for Scheme B

In this chapter we describe how the routines and numerical
information which constitute the problem are fed‘into the machine
from the outside world.,

The Routine B.INPUT.

This is a sequence of instructions held permanently in  the
magnetic store on track 96. This track is isolated by arranging
th001rcuitry so that information can be read from it to the
electronic store but not vice versa. This sequence of instructions
whon road into S0 and Sl causesthe‘tnpo reader to scan the tape
and assomblos tho symbols punched thereon to forn 1nstruct10ns
Whlch are then transferred olsewhere in the electronic or magnetic
storc. _ _

In addition to B,INPUT the matorial known as B.PERM = the”
powers of 2 and R.C. S/B - is isolated on track 97L (actually ‘the
whole of track 97 is isolated)

B.INPUT is read from the magnetic store to SO and Sl as
foilows."On the console there is a key denoted by K.E.C. If this

is operated, then the whole of the electronic store is cleared

'~ including the arithmetioal unit, the B tube, and the control lines.

Operation‘of a further switch (C.S) causes the machine to start

.obeying instructions at the line E/ (since C = //). Because the

' electronic store has been cleared the first instruction obeyéd is

////. The function of this instruction is to obey the handswitches

(see p. 1.20 as a magnetic instruction. These should be set to

/A@/ or /A@E, The content of track 96 will then be read to SO and

S1. The routine is arranged to start at line @ (because now
= E/) and from this voint B, INPUT'takos over causing the tape
reader to scan the tape until one of the characters K, T, Z L, W,

H, ¥, Q, or G is encountered. These characters arc called

| ‘warnlng charactors and they designate the start -of a meaningful

sequence. The length of the scquence and its subsequent treatment

depcnds on which warning character is used.
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The routine can also be cntered by cue (GE///A@/) in the
course of compmutation., The treatment of certaln warning charaétors
diffsrs slightly according as to whether the routine is entered by
cue or by hand with II set to /4@/ or /AQB. .

This permits the writing of instructions into any consecutive
] > sequence of lines. The second and third characters specify the
first line and the fourth charactcer specifics the number of lines,
Thus, ¢.g., the effect of KZSAVKTAVS/E:TCC 1is tq put VKTA into 2S5,
VS/L into LS, and :TCC into WS, If the fourth character is /, then

the number of lines involved is 32, This means that a compléto
column of instructions can be punched as a single meaningful
scquence. Thus to input a complete pﬁge of instructions into (say)
St it is only necessary to punch them as two meaningful sequehces
cach of 32 instructions |

K/3/ (1st column of 32 instructions),
X/D/ (2nd n nou il " )

If the page is not complete but (say) the last instruction would
. stand in line PD if reéd into Sk, then the second sequence would
take the form XK/DQ (2nd colqu of 23 instructions).

The set of meaningful sequences which cause a page of material
to be read into St or S5, or in the ¢ase of two. pages, into sk,
and S5, is referred to as the nunchlng proper. -

It need hardly be mentioned that extravagent effects are to
bo expected if this warning character is used to write into lines
containing B.INPUT itself, that is, into columas /, E, @, or A.
Warning character Z

The meaningful sequence consists of only one character3 the
warning character itsclf. It 1s equivalent to the dummy stop /G,
Thus if the "W/G" switch is in the "on" position, -thon the reading
action of B. INPUT is halted when this warning character is V
encountered, Oporatlon of the s1ng1e prepulse key causes readlng
to be resumed.

The following warning characters arc associated with three

character scquences,
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Warning character T

The cffect of the sequence Tab is to transfer control to the
instruction standing in linc ab + 1. ' ’

Waraing characters H and ¥

If thc routine was originally entered by hand then the first

offect is to transfer the content of track 3% - the DIRICTORY ~

“to S6 and 87. 1In the casc of entry by cue this effect is omitted.

The subsequent effect of the scqucnce {;%ig}' is to

read to {the,material on}
{write the material in% B and/or S5 . og the half

track or track specificd in-line [/N + ab + 1} of the
oloctronic store. The manner of transfer is svecified as follows,

The twenty digits of the entry are first collated (the & operation)

‘with £2AA and then added to ///%. The resulting twenty digits

form the magnetic reading instruction which is ultimately obeyed
in the case of the warning character H; otherwise //3/ is added to

form a writing instruction, In both cascs a corresponding checking

" instruction is formed and obeyed.” In case the check fails a line

feed is signalled to the tcleprlnter and the rcadlng or writing
operation repeated until the ,check succeeds. Slgnalllng a line
feed is nercly a convenient device for drawing the'operator's

attention to the fact that the magnetic tracks inyolved may be

faulty (cee chapter 9).

It will be clear from the above that magnetlc transfcrs to or
from the stores % or 5 can be arranged with suitable H or Y
sequences. In particular if ab takcs one of the values // through
VA, then the short line /N + ab + 1 corresponds to the magnetic
half of entry no. ab of the cue DIRLCTORY if thlS latter is

 standing in S6 and S7. In these circumstances if the material

constituting a routine has been read into St and/or S5 by means

i.of the warning character K, then it can be transferred to its

' apPrOprlauc magretlc address 51mply by follow1ng the cunchlng proper

with the sequence Yab, where ab is the number of the routine in

the DIRECTORY.

j
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Warning characters L and W

These arc similar to H and ¥ except that the characters ab
which follow them refer to the line /N + ab. The rcason for
'introducing such an apparently trivial variation is to facilitate
the writing of pages of matcrial other than routines, that is,
paves which may only be associated with single line entrics in the
DlRuCTOPY not line-pairs. With these warning characters ab is the
name of the actual line in which the magnetic address stands rather
than that of the one beforc. |

The characters which follow L, W, H, or Y arc not restricted
to the values // through VA. Other values of ab causc lines in
other pages of the magnetic store to be intcrpreted as magnetic

addresses. . Thus we have in gencral -

‘b = H corresponds to SO
= P n u v g1
- 0 n 'll . 1! 82
- G ] 1t Ri S3
= M " " u gl
= Vv n ] n sy
= / 0 n n gé
= @ i n n g7,

In particular the cbhtent of three lines within B. INPUT itself,
[Ke] = me:, [1€) = @@, ana [z@] = emov provide the
following important uses of L, W, H, or ¥.

(1) IKP or HCP causes the content of track 97 - B.PERM -
to be trunsfcrred to sk and SS

(ii) WTP or YKP causes the content of Sk and SS to be
transferred to track 98. '

(iii) WZP or YTP causes the content of S&-and s$ to be
transferred to the DIRECTORY track 3.

A dummy stOp‘instruction.(/L) occurs at the end of the
soduence of instructions in B,INPUT which deals with the warning
charactors L, W, H, and ¥, This enables thé results of the:
transfer to be examincd bcfore more tape is read a facility which
is often very useful. | |

Warning characters Q and G

If the routine was originally entered by hand, then the first
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effect is‘tovtransfer to S2 and S3 the content of track 97 - B.PERM ~
or the content of 98 - a modified PERM which is sclocted by the
uscer in a manner described below = according‘as to whcther H was
sot to /A@/ or /AGE. 1If the routine was entered by cue then this
effect will be omitted. B

Before Q and G can bé treated it is necessary not only that

_R.C.5/B (or some suitable modification of it) should be present

in column S, but that a number in Bl should specify a levol of
operation and, in the case of G, that the cue to B.INPUT should
stand on the level so defined, that'ie, at the head of the list of
links. For this reason it is arranged that when B.INPUT is cntered
by hand, and not othervise, then //1/ is set in Bl; and that the
cue to B.INPUT, GE///AG/, is stored in the first two lines of the
right half of the (isolated) track 97. Thus if the content of
track 97 is transferred to S2 and S3, then this cue will be found
to stand in the llne-palr /I the zeroth level as defined by the

content of Bl.

ab

The subsequent effect of the sequence {'Q is to call in the

Gab
routine whose. number in the DIRUCTORY is ab as an{fgub>:- foutine
of B¢INPUT, If control is subsequently returned to B.INPUT from a
closed sub-routine, then it continues to search the tape for
warnlng characters Note that re-entering B.INPUT in this way
amounts to a cue entry and thereafter the prelimlnary ef;ects in
the case of the warning characters L, W, H, ¥, Q, and G arc
omitted. - _ |

The treatment of these, characters is of course dependent on
B.PERM, or some suitable modification of it, :but otherwise B.INPUT
makes no use -of any lines of PERM.

The Assembly of a Problem Tape.

B.Input has been designed to streamline the making of}a'

tape for a pfoblem drawn up on the lines deSc:ibeq in.thc last

chapter. The basic.idea is to write routines, read from the tape

into Sl and/or SS, by means of thc warnlng character X, into the
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magnetic addresses specified by the corresponding cntries in the
cuc DIRECTORY, and finally to start the computation'by calling in
the master routiné witp.a Q or G sequence., Morcover it will be
scen that the properties of the warning characters H and Y provide
a convonient means of altering the standard B.PERM if this is
desirable (some of the possibilities have already been indicated
on p.4.12 others will be given). In such cases the modified
version - called the WORKING PERM - is stored on track 98. These
arc the most general cases and for them the tape consists of four
parts and is read with B.INPUT entered by hand with H sct to /A@E.
If however the standard B.PERg;is uscd, then the first part, the
PERM altering sequcnces, can be omitted and H should be set to
/h@/ . |
The four parts are as follows:- _

(1) The PERM altoring sequences

These take the form HCP source sequence

Keeveovon punching proper
YKP destination sequence.

The effects of HCP and YKP have already bcen described. Their
purpose will now be clear: HCP transfers the standard B.PERM to
Sk and S5 for alteration by XK sequences (the punéhing proper);
YKP thon transfers the modified version to track 98.

(ii) The DIRECTORY setting scquences

These, take the form Keeosveosooos punching proper
YTP destination sequence

The punching proper must put the list of cues in thelr appropriate
1ines in St and/or S5: the destination scquence, as explained
abové, then copilos this material 6n to the DIRECTORY track 3lk.
Oncc this scetion of the tape has been read the letters ab
which follow L, W, H, or Y can, sensibly, refer to the DIRECTORY.
Hitherto thoy have referred to certain preset lines in B.INPUT

itself,
(iii) The routines of the problem
These take the form Kevsossos - punching proper
| Y(n) destination sequence

In the case of a one page routine the punching proper must write




the routine into the corresponding lines of Sk or 85 according as
to whether it is deétined for SO or S1: in the case of a two page
routine the material must be written into Sk and S5.

(iv) Starting scquence
This will usually take the form Q(n) where n (=2 characters) rofers
to the cuc of the master routine.

A scquence of the type G(n) enables one to call in a routine,
€.8., a routine for reading numbers punched in decimal form on the
tape, as a sub-routine of B,INPUT, When the (closed) sub-routine has
completed its task, then B,INPUT is recalled and continues to
search fho tape for warning characters.

Alternatively a sequence of instructions written into the
clcetronic store can be entered direcctly by means of the sequence
Tab which dircets control to the instruction standing in line
ab + 1, This facility is very useful when it is required to
temporarily interrupt‘the action of B.INPUT and transfer control
to a scparate scquence of instructions which have been written
into thc electronic store from the tape for some speclal purpose,
Cegey TO calculate a constant used in a routine, and which are then
no longer roqulred. Such a sequence should be terminated by the
instruction N@/P which will return. control to the reading cycle.
This devlce.ls called an,lnterlude.

gorrectlng sequences

In addition to the above parts to a tape it may be necessary
to introduce corrections to cortain routines from time to time
‘during the'periodfwhen tho”programme is being got to work - which

may be a matter of days or even weeks. The werning characfers

Hand L provmde a convenicnt means whereby any rdutlne which is
already held in the magnetlc store can be read down to Sk and/or
S5, a ltered and then transferred back to the magnetic store. A
typical correctlng sequence takes the form |

H(n)

Kisoosos

Y(n),

where n is the number of the routine. -The PEEM altering
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sequences afford an illustration of this device. All the
correctiné sequences can be punbhed on a single length of tape
which can be put through the rcader after the main tape has been'
rcad, The starting sequence should then come at tho end of the
tapé bearing the correctiéns.

Example.

As an example. of the,forégoing directions the details arc
given here of the assembly of a tape for the problem described in
the previous chapter. The scctions of the tape corresponding to
the DIRECTORY and the master routine must be punched by the 1
programmer, The library roﬁtines alrcady exist in the form of
bits of punched tape bearing the punching proper, varying in length
up to two feet depénding on the size of the routine. |

(1) The standard B.PERM will be used: section (i) will thus
be omitted. |

(ii) The cue bIRECTORY. The table of p.%.7, reproduced

below, gives the numbers and cues of the routines.

Routine_~. - | Number | Mag.Address ‘Cue
Master /7 5L | ££//8//7 ]
PRINT/A @/ 5R | CE//s/E/
INPUT/B :/ eL | 200107
EXPONENTIAL/B| I/ | 6R | @@//1/5@
COSINE/A &/ 7L /7776777

This section of the tape thus consists of the following sequences

X/ire£//S///CE//S/B/////1///@@//1/EQ////U/// punching proper
YTP » dest. seq.

(iii) The Master Routine. This 1s giveh on p.4+.11. There
are 19 instructions. This section of the tape is punched as

follows:

K/40//T+E/QOGS/Purv v avsavense.s. DS/P/O/E  punching proper
Y// dest. seq.

In between meaningful segquenccs it is permissible to leave any
nuaber of spaces (or any characters other than warning characters).

However there is no point in making tapes any longer than they




nced to be.

When the above tapes and those of the library tanes are
available they are all copied on to one long tape, following the
punching proper of each library tape by:the appropriate destination
scquence, - Thus, e.,g., the punching proper of EXPONENTIAL/B would
be followed by YI/, Finally at the end of tho tape the starting
scquence Q// is punched. The effect of this is to call in the
master routine as an ad-routine of B.INPUT. | |

It is customﬂry to leave a few inches of blank tape between
the individual routines ‘and to terminate the tape with a fow £'s
so as to indicate visibly which end is which. This last device is-
usually applied to the individual routine ‘tapes in the library.

If the /L stop is switched on when,the tape 1s read, then the
reading will be halted immediately after L, W, H, or Y sequences
are treated. By studying the monitors the operator can then‘see
what has just been transferred to or frem.Sh and/or S5 (extensive
scrutinies of the.monitors however are not, in:geheral, approved
of and more will be said about this in chapter 8). . Operation of
the single prepulse key will cause B, INPUT to resume reading tape.
If the /G stop is switched on, then the machine .wn‘_.ll come to a
halt in the routine changing seeuence during the ?reatment of the
starting sequence Q//. At this point the master routine should be
standing in SO and if the single prepulse key is operated, then
the programme will be initiated. |
| Example illustrating the use of a WORKING PERM

We shall now explain how some of the devices descrlbed on
pages L,12 and 4,13 can be’ applied to speed up the operation of
the programme by eliminating many of the magnetic transfers, (In
this particular programme there would be no p01nt in d01ng so for
99% of the time consumed is input and output tlme, but the devices
illustrated can often usefully be applied elsewhere)

The necossary changes in the erogramme amount to making both
the directory of cues and tho master routine part of the material

held permanently in S3. Thus the cue directory can stand in lines -
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TI to BI inclusive and the master routine in lines /U to LU
inclusive, The latter will now be associated with the cue £I....£..
Line QS of R.C.5/B has to be altered to ..T£ and, if the routines
are to have the same directory numbers, line 0S should be altered
to PIUF. Finally certain alterations to the master routine itself
are necessary because many of the instructions depend on the names
of the lines in which they stamd. The final version of the master
routine is given below together with the rest of the material on

s3.

(I /€ 1T iUl

- EB U 9 0

@GS/ P

Alse/ /¥

si/ ¢/ A

SIS U 9 0

1GS P

g 5/ /¥

cle ¢ T/

DIDU 3 0

RIGS/ P

JITI/ /v

Nl: ¢C/.J

Flzu/ C

clcU 3 0

Kigs/ P

c1//|17T@/7/V

// £/\2{/ U/ P

ce//|Li/ 0/ E
S/ E/|W
// /7 /|H
1//7/7|¥Y
@@/ /|P
I/ E@|Q
/ /7 / /|0
v/ //|B
S e
. 1]
M
X
i v
; 1£

We can now write down the PERM altering sequences. They

are

HCP
: //T£
%%gg£1////£/CE//S/E/////I///@@//I/u@////U///
%/{JWﬁIT UQOoocoovoo/O/

P

This materlal‘w1ll still be standlng in S4 and“°85 after it
has becen conled on to track §é so that by simply follow1ng the
PERM altering sequences with.T?P this materlal can also be wrltten
on to track 34 to serve as the DIRECTORY.




The second part of the tape thus consists simply of the
sequence YTP.

As beforq,théso‘tape seétions and thosé.qf.tbe library
routines are all copied on to one long tape,.but this fimo the
destination sequences of the library routines are differcnt; e.g.,
that which follows EXPONENTIAL/B is YP@.(beccause /N + K@ = PC,
which is the store line in which thg rclevant cue is standing
during input). The starting sequence however remains:Q// (this is
" beeause the 2 characters which follow Q-or G-refer to. .the DIRECTORY
as used by R.C.S/B and not as it stands:in S6 and 87)« The '
programme is run with H set initially te /A@GE,

Further example of a a WORKING PERM .

Quite extensive alteratuons‘tqithe basic scheme oﬁ_routine
changing are mado possible by the facility for modifying the
standard. B,PERM. Our example relates to.an actual problem where,
with the usual scheme, the clectronic storage avqilable fo:.erking
spacc, was inconveniently small. To-overcpme;this 1% was necessary
to confine the permancnt material to a.single page and each routine
to one page. Fortunately it was poSsiblc to dispense with the
powers of 2 (other than those requlrcd by R.C.5/B) and so the list
of links could stand in lines /S, mS, etc.. In no casc did this
1list extend more than three deep.' Othor-llnes of S2 were used as
Spoc1al work;ng space and to store various constants required by
the programme. The dutles of the electronic pages wero thus

LN

allocaﬁed as follows,

s0, S1 - .'sysfematic'working space
g2 o PERM as deséribed?ébove-
83 ? " instructions '

sk, S5 ~ systematic working space
86 S7 " " " wtomomy

The routlnes were all single page routlnos and when called in were
read down to S3. Tn01r cucs were thus of the form ....../I or
......EI, and for 1npuu purposes were punoh >4 for 5. "The

DIRECTORY llkGWlse occupied only a 51ngla nage and was read to S3
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to be consulted. The alterations which were necessary to BE.FERM

are listed below,

line pair /I altered to GE///A@/ (%the cue to B.INPUT)

line F§ = " M @E/I
woHS M M ViZZ
wps M v @SEA
wo0s M " /IUF
woBS "™ W /SEA
Womg o m YiET
wo¥s ™ n £iE:

"o £8 n n V:EP
Setting the cue to B.INPUT at the head of the list of links is a
necessary alteration if the warning character G is to be treated
with the aid of the WORKING PERM. Itiwill be recalled that normally
this cue will be found standing in line pair /I if the content of
track 97 is transferred to S2 and S3.
The corresponding PERM alteration sequences are

HCP

K/D@GE///AG/

KFDEQE/I

KHDEV : 22

KPDE@SEA -

KOD@/IUF/SEA

K"DEV :EJ -

. KXDE£:E:

KLDEVSEP

YKP . .
The DIRECTORY sequences are punched in the usual way for Sk, The
remainder of the tape also takes the usual form with the exéeption.
of course that the routines are punched for S5. .

Use of 'elcctronic! routines.

In problems}Where the requirménts for working space arc small

it may be desirable for time economy reasons to keep as many

~routines as possible:in the clectronic store. Such might be the

case for inst,nce when forward integrating a small set of ordinary
differential_eduations which involve.the caloulationiof several
functions, The device used for calling in such 'electronic!
routines - a dummy magnetic half cue - has already becn used in -

the cxamnle treated earlier where the master routine was held
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permanently in S3, It remains h0weﬁér to describe how such roﬁtinos;
since they are assbciatod'With a'dummy;magnotic half sue3 are read
down to the olectronic store in the first place. In the cxample
quoted therc was no’difficulty because the routine in ducstidn
formed part of the WORKING PERM which was recad down to S2 and S3 -
,whon the starting senilence was read. 1In other cascs however a
spocial'déviCG must be resorted to if it is desired ‘to 'set! the
clectronic store from the tspe be fore entering the programme. The
devicé'used'amountsutb giVing each 'eiéstroﬁisi routine two cues.
One will be the cue i the ordinary sense, that is, will be used
for balling\in‘tﬁe'rsutine once it is‘located'ih the electronic’
store: the other will tdke the form "S//(maénotic instructioh){
The effect of such a cue when referred to by a G ‘sequence is to
obey the magnetic instruction and then to return control to ‘B, INFUT
asffrom a closcd sﬁbérsﬁtiné“— thus cddsihg’moré tape to be reéads
In this vay stores 4, 5y 6 “mﬁdi7 éan be set. 'If it is further -
d051rsd to replace B INPUT itself by an ‘OlGCuTOﬂlC’ routine '~ in
which case an electronlc DIRPCTORY in’ the WORKING PLRM or ¢lie-
where, must be available - then the same dovice can be used provided
that the cue of the routine whlch replaces B.INPUT has the sane
control number as that of B. INPUT, i.e., GE, With this restriction
the final sotting of S0 and S1 can‘bo'achiaved_directly from the °
tape!by mesns of ‘only two sequences., First a Q sequence roferring
to the true cue of tHe sbplﬁéing routine followed by a G sequence
rofurring to the specmal cus., It 'is loft as an exercise foffthe
reador to show that these hqve ‘tho effect of rupla01n° B.INPUT by
the routlnc in questlon and enterlng the latter at "E. Generally
speaking tho use of ‘such special devicos 1§ not to be cncouraged
in general purpose programmes but in this case Lhey,have only
amountcd to unorthodox uses of the" standard properties of R.C.S/B.

Inpub of humerlozl (Dec1mal) Data

For thls Uurpose a spec1a1 closed routiné B, DECIMAL INPUT is
available. If the data is to be transferred to the magnetic store,

then this routine may convenlcntly be used as a sub-routine of
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B.INPUT. When called in from the tape by a Q}sequencc B.DEC . INPUT
continues to read the tape until one of the warning characters
F, Wy C, L, or G is encountered. |
' The warning characters F and W permit the input of a sequence
of docimal numbers into consecutive line-pairs, F being used for
fractions and W for whole numbers. The next two characters on the
tape spocify the first line-pair and the fourth charactef gi#es
the number of line-pairs; then follow the numbers punched in
decimal form each followed by sign. The character £ puached after
any number in place of the sigh causes that number to be omitted
from thescquence., 4It may thus be used ﬁo cancel mistakes. The
details will be clear from the following examples.

The effect of

F/H0 25+025-250+002500-25£75+750+075=
is to put 0.25 into /&, -0.025 into @%, 0.25 into 3%, -0,0025 in
I%, 0.75 into %% and R%, and -0.075 into Nz. |

If F were replaced by W then the effect would be to put
25 in /3. -25 in @3, 250 in 3%, =2500 in T3. 75 in %%, 750 in R%,
and=75 in 1%, .

In the case of fractions not more than 11 digits should be
»wuhched, otherw1se the number placed in the store will be incorrect:
11 digits is the limit of accurdcy. ‘ |

The warning,character C is the closure, that is, it causes
control to revert to the routine which called in B.DEC._INPUT.

The other two warning characters, L and G, are the equivalenﬁs
of the dummy stéps /L and /G respectively, Thus if the “{L“ stop
is Yon" when L is encountered then the reading action is halted:
it is resumed on operation of the single prepulsé key.

Library routine tapcs.

For scheme B these con51st solely of the punchlnv proper.
one page routines being nunched for Sk or SS accordlng as to
whether thoy are ultimately destined for odd or even electronic
pagey two page routines being punched for Sk and s5.

Classified 1ists of library routines will be issued as
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) supplements to this Handbook at future dates. As far as possible

routines will be made for use with scheme A and scheme B.




(1)

1,3}

B.INPUT, ISOLATED ON TRACK 96,
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B.PERM, ISOLATED ON TRACK 97.
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B.INPUT (page 0).
||/ 1M £ £ £] =4 E|/|/ / / J| set counte
gl £ ££] -1 o LE@/"/U ‘ g
@W @ Z 0 set BL ~ >{@{D / / |y
AlK @ P O]} tests H: if Al@ / / Al
s{:/ / 2||H = /A@/, then :l@/ /N
S{:/ Q Ol{|T @' ="EA@:; SID / / :|!Reads & assembles
I\ @9 G|| otherwise line I|l@ / / A|{4 characters of
gi® @/ 01 T@ is not yi@ / / N|[an instruction
. |Z|T @ P B/ altered. | 5D/ / 3 o
> |ID|E E O t|yreading cycles test| [D|@ / / A
_lj RID/ /3 |if character read 4 Rl@/ /N
PV e/ Jii(x) is » K JID// ¢
— |N|N @ / H|! N|@ 7 / Al instruction trans-
Fl@ / / Al}case « % K {FlA / Q O] ferred to B?
clo @/ Cil«/// is formed CIE / P G| adjust address
K|@ / / N|land transferred KI|£ £ P Z| transfer to store
Ti@ / / A{lto BY? TV @ T N| adjust counter
zl@/ Q0 ' - &|z{D / / H| test for end of seq.
L|/_A U P| multiway switch:uses|L|N @ / P| return to reading.
— |WiD /7 s directory 1 W{H@® PG| &0 & G entry c¥cle
'K,L,HV(/@?C) d ond 1 H.Gng ¢ .
W,H,|Yl®@ / / A{|lreads 2nd an YT ¢| prelim mag, trangfer!
Y;Q; P|@ / / N||3rd characters, {Pl@/ Q B'} PERM to S2 & S3
& G |QiD/ / :||cCand 6 § forms Qle / Pojf[B 6]t = B 7]
ole / / a||=A// and 0/0 E'Q. Oy ¢alls in =~
B|B @ / C|[transfers this to {B|£ : I P|} routine
Gl@ / 7/ N||B6; uses directory | [@Ki/@ ?_:usefulxconstant
W@/ / Al|lno.2 for multiway ni/ /T set supvresion of
_ M|V © £ C}|switeh MIT@T A} prelim.mag transfers
XA/ PO : XIN @ / Pl return to readin%
vitTeup/ . vi"@ P G| «—L,W ~ cycle
K> £‘1‘3M97_: read 4th character—~|£|Z @ / :| prelim.,mag.transfer: .
H,Y DIRECTORY to S6 &

S7.
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B.INPUT (page 1)
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return to reading
cycle
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.directory no.2

directory no.l
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cycle:

iafter a new
character has
 been read control}| -
1s transferred by
multiway switch
using « th-entry
Jin directory.
1 IR Ef ' = dummy instr:
Lin case of whole
numberj; otherwise

inputs 2nd and
3rd characters,

forms

this

L . 3// and
transfers

J .
read 4th
{ character to -
/! set counter
glapts counter

/113

digit
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(1)

digit cycle:
builds up
decimal integer

read digit
test for +,-,or £

test for £ |

Jump in case .
¢return from 1 @?@10‘*
test for + or =
}chango sign in

case of =.

transfer o store
~adjust address

adjust couhter

test for end of seq.
rcturn to reading

) cycle
complete building

up of decimal - g
integer R
’ 9 «.’t};a
ultiply 2 !
R FAgt &
and again i o
by gt SRS
A
1740
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B.,DECIMAL INPUT (page 1)
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Chapter 5.
Aids to Coding.
Introduction. |

At this stage of development of the technique of programming
a principle objective is to make coding‘easier, i.e., to reduce the .
time taken to translate the mathematical formulation of’é problem
into the language of the machine. 1In this chapter this'problem is
discussed on the following lines. '

Certain types of problem are best coded by using a special
'instruction' code. Thus e.g., in a problem involving arithmetic
with complex numbers it would bé economical in coding time if, by
some means, we could code an operation on é copplex number x + 1 ¥y
stored (say) in'cdnsecutive‘line pairs thus, x = [S]if;y = fs+2]t. ,
by using a single instruction which need only specify S and the type
of operation. In othér words to code the operations as if only the
real parts of the numbers were involved. This coﬁid be done by
making use of an interpretive type of routine which, given the
'instructions’ relating to the real barts,Awould automatically
arrange the calculation to cmbrace both the real and imaginary parts.
If the'only operations were complex additions and subtractions no
great'saving would have been foected but with complex multiplications
and divisions it would begin to be worthwhile.

This problecm can be approached in two ways,

Translation Routines.

In this scheme the instructions punched on the tape are not those
which are ultimately placed in the store. Instead a group of
characters on the tape, punched in accordance with a preassigned code
are translated into sequence of instructions which, when obeyed
inside the machine, effect the required operations. In effect the
input routine translates the symbols on the tape into a programme in
the language of the machine. Onc such input routine which translates
into machine lahguage from mathcmatical symbols 1is beigg developed.
With such routines the resulting programme of machine instructions
is usually as economical in machine time as if it had been coded.
directly., However such. a scheme may not always be possible and an

altcrnative approach is illustrated by FLOATCODE; an interpretive
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routine for carrying out operations on numbers expresscd in the
floating binary form a.2P, -

Interprotive (mastor) routines.

These routinces are suitable when a limited number of sequences
of instructions arc used very frequently. In such a scheme the
problem (or part of a problem) is coded, using a special code, as a °
sequence of ‘'instructions! each of which specifies a subsequence of
ordinary machine instructions. The ’progranme‘ is placed in the

store in the usual way. However the 'instructions' are not intended

to be obeyed by the control circuits of the machine as such but
instead they are selected under the 'controll of the interpretive
routine which 'decodes! them and transfers control to the specified

sequence., At the end of each sequence control is returned to the

tcontrol! of the interprctive routine which causes the next -
'1nstructlon' to be selected and interpreted in the same way. The_
term fcontrol! (in quotation marks) will be used to denote the process
of selection and decoding of the ’instructions'

A general scheme. for desighing an 1nterpretiVe routine will now
be described. The‘basis'of the schome is a seduence of instructions

(henceforth referred to as INTERCODm) held in S3 throughout the

'programme’ whlch effects the selectlon and 'decodln?' of the
’instructions' and a routlne changing sequecnce simllar in prlnclple
to R.C. S/B. An 'instruction' is a h chdracter word standlng in a

'51ngle line of the store and represented by s, X where s (1st 3
characters) . is the (generalised) address and X (function character)
SpeleleS a particular sequence of instructlons. It is intended ‘that
the sequences of 1nstruct10ns will be h\ld in S# 85 Each
tinstruction'! can thus be regarded as calling in a subsequence and
also specifying a parameter to be used by that subsequence.

-Provision is made for at least 13 'instructions' (corresponding to
function symbols X = W to £ inclusive) of which, however, the

interpretation of threé has béen fixed as follows:
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']

2 n,X Call in nth routine as an ad-routine.
2 n,Vy Call in nth routine as a sub-routine
n,£ C' =n+1, i.e., transfors control (of the machine)to n + 1.

Decoding.

Bach 'instruction' is decoded as follows, The:addressAdigits

and the function digits arc separated and stored in KI and ZI thus:-

- °, , ¢ ‘ =1
K 1j2" = linstruction!]

=
H
]

0

> 19
t'instruction'

8 g ruc On-jlﬁ
-19

5 = 0
Control is then switched to a line specified by the function

character X, thus: C! = iLT S+ Z1I) %

'z I

. The sequence switched to
4in this way must be terminated by an instruction which réturns control
to line :U (see note 2, p.5.14%) | |

To enter and leave INTERCODE.

The rbutine changing sequence enables routines of ordinary
instrﬁcﬁions or intérpreted tinstructions' to be used in the séme
programme with equal facility (see below). Furthermore within any
routine drdinary instructions can be interspersed'with floating
tinstructions'! and vice-vorsa. This section describes the method by
which (within a routine) INTERCODE cah‘ba entered to interpret
'instructions! and left to obey instructions.

To enter INTERCODE.

This is done most usually with two instructions, thus

s s, Q0
s+1 EL1/ P
S42 memmeem=-
S+3  memmeee

Thereafter the 'control! of INTERCODE takes over and the contents
of lincs s+2, s+3, etc., will be interpreted as tinstructions' until

a transfer of 'control!' or control 1s encountered,
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Alternatively INTERCODE can be entered for a "single shot": thus

S S, £ 0

s*1. EI/ P

- R —— This line interpreted by INTZRCODE.
S+3 mmem——— Control returned to this point.

In this case only the content of.line s+2 will be interpreted, after
which, unless this line is a transfer of ‘'control' or conirol,
INTERCODE is left to return control to g+3.

To leave INTERCODE.

This can be done with the 'instruction' n, / £ which transfers
control to n + 1. Thus ‘instruction' s, / £ standing in s will cause
the following lincs ~ to be obeyed as ordinary instructions.,

Re-cntering INTERCODE.

If 'control' has been interrupted at some point in a sequence
of 'instructions! by a £ = 'instruction' to’gifect,control to a
éeduence of instructions, then a subsequent’instruction which ;eturné
control to line : U will cause 'control’ to be returned to the
sequence of ‘'instructions' at the point immediately following that
at which it was left. This method is illustrated in example 2 given
below under the description of FLOATCODE. In effect the £ -
finstruction' can be used to call in a subsequence of ordinary
instructions from a main sequence  of 'instructions'. Such a .
subsequence of instructions only needs to-bé=terminated by an
instruction which returns control to line :U (see note 2 p.5.1l)

The Design of Closed Routines for use with INTERCODE. ... .

Closed routines drawn up for use with R.C,5/B can only be used
with INTERCODE if line NS contains certain information, thus
{N S}z = / U, 1In practice this may easily be arranged because
INTERCODE is intended to be used with other sequences of instructions
held more or less permanently in the electronic store. Such is the
case e.g., with FLOATCODE, described below, where S2 contains the
powers of 2 and other constants. Moreover if the powers of 2 are
available, i.e., lines /: to JS of PERM, then certain constants held

in lines WI to QI inclusive are no longer necessary and naj be omitted
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{ if desired, provided that their reference instructions are changed
1 accordingly. | \ "

If however / U ..; is not available in line NS then closed
routines must be terminated by the instruction A U/ P. Alternatively
| closed routines can be terminated by the ‘'instruction' / U/ F if |
appropriate. -

It is possible to use routineé which consist wholly or partly
of t!instructions'. To‘facilitate this digits 10-19 of the cue are
| used to describe whether the routine is entered in an interpretive
| or non-interpretive manner. If the digits are zero (i.e., if the
. 3rd and 4th characters are //), then the routine is entered by
é control in the usual way. If, however, they are O £; then the
% routine is entered by 'control!, i.e., if n is the' 'control' number,
! then n+l is 'obeyed' as an 'instruction'. (N.,B., There is one
| important exception to this rule: if n is ££, then the 3rd. and kWth.
characters must be Q£). One important feature of R.C.S/B is not
preserved in the routine changing sequence in INTERCODE: the role of
the accumulator and register. Thus routines whose effects depend on
this feature cannot be used.

Routine Changing 'Instructions'.

The use of Bl and BY is'gOVGrned by the same restrictions as
when using R.C.S/B. If the cue directory has been assembled, then
the nth-routine can be called in as a sub-routine or an ad-routine
from avsequence of 'instructions', by the single 'instruction!'
2n,V or 2n,X reépectively. From a sequence of ordinary instruotions
however it is first necesséry to enter INTERCODE, for a single
tinstruction', and.follow the entry instructions with the appropriatse

'instruction'. The following table summarises the methods used,
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R - e o e e i
| To call in the nth . From a sequence of From a sequence of |
. : : 'instructions' use | instructions use the
- routine as an ! the 'instruction'. group.
! : s s 9 0
ad=routine 2n, / X s¢1 E1/P
. ‘ ! s+2 . 2n, / X
o R s. s, £ 0%
sub-routine i en, / V. s#1 E1/P
. : st2i 2n, / V
or
s: . s§,Q0
i s+1 E1/P
. b s+2 2n, / V.

. sub=programme),

machlne, in the floating binary form. a.2p, where a is a

instructions in S4 and S5.

'
1]

% In this case when the sub-routine has completed 1ts task, then

control (not 'control!) is returned to line Sf3. |

Description of FLOATCODE.

1. Introductlon.

ﬁLOATCODE is an 1nterpretive routine designed to facilltate the

coding of arithmetical operatlons on numbers expressed, inside the

29 digit

signed blnary fraction such that % >lap 2 é and p an integer such

that 256 > p » -256 |
FLOATCODE is 1ntended to be permanently available in electronic

stores 2, 3 % and 5 throughout the duration of the programme (or

It consists of the powers of 2, i.e., lines / : to
7S of PERM, INTERCODE held in §3, and certain sequences of

Theso instructions effect the scaling
operatlons on the numerical ‘parts of the numbers involved in the
calculation., ' They 1nclude, e, g.' the alignment of binary points of
numbers with differing exponents and standardisation of the results
of additions and subtractions.

FLOATCODE enables the coding to be carried out using a one=-
address 'instruction' code of 13 t'instructions'. .Each tinstruction'
is similef in structure to an drdinary’machine_instruetion and refers
to an tarithmetical unit! and a 'control' which consists of certain
storage locations in 82 and S3., The correspondence between

'instructions' and these units is very similar to that between
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’
ordinary machine instructions and the accumulator, multiplicand

rcgister, and the control unit of the machine,

The hrithmqtical unit! comﬁrisos a floating binary 'accumulator!
(A) and a floating-binary multiplier rogister (R). The 'control! is
a scquence of instructions in FLOATCODE which cause 'instruction' of
the programme' to be selected and analysed in consecutive sequence
until a transfer of 'control' is encountered. At any stage in the
programme the 'control! number (t) is the address of the 'instruction!’
beipg interpreted or 'obeyed!'. When each 'instruction' has been
'obeyed! unity is'addéd to ¢t (¢! =t + 1) and the next ‘'instruction'
selected. | |
. 2, Representation of numbers.

(i) Inside the 'Store!', i.e., S0 1, 6, or 7,

A line-pair is used to represent the number as follows:-

) {s) %

A g, = @ 256 > p > =256,
{&% 29 = a Esla1y %
+,

| That is, the ten most significant digits represent the exponent and
| the remainder represent the fractional part. P (s) will be used to
{ denote the floating binary number represented in this way, |

(1i) Inside the 'arithmetical unit'.

In what follows A is used to denote the floating binary
| accumulator, not the ordinary accumulator. Therc is no occasion to
| rofer to this latter unit so that no confusion will arise.

| The floating binary number in A will be denoted by F (4) = a.2P,

1" 1w 1 [} [} n n 1 R n 1n n 1l 1 F (R) - b.zq.
{F (4) is represcnted thus:- | |
(long 1line) {F S}+f = a B lal > O
J e Ny * | \ l -
{ (short line) |K SJ+ = 2p 2 9)» P> =2 19,
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>

And F (R) similarly thus:~
!T Sji} = b .. :g, s> bl %

L S]t"_As q 256> 4 »,Qéséi
Wherecas fcr a number in the 'store! tho exponsnt 1s restricted to
tho range (256 3> p 3 -950) in the floating binary accumulator p can |
lic anywhere in the range 219 > p 3 =27 -19 ’ and the numerical part
necd not be in standard form. When, howevor, a number is transferred
from A to the 'store! the numerical part is first standardised and
the exponent adjusfed accordingly. If the'corroét‘eiponenf lios
outside the range 256 > p » =256 action is taken'as follows Af
p > 256 then the internrotive (magter) routine goes into a small
closed loopr(dynamic stop); otherwige (i.e.,_iﬁ-p,§'~256) it is
merely replaced by. =256 o o -

' (iii) On the igput _tape.

‘A routine 1s "being made for reading numbers in standard form
from -the tapse. Such numbers should. be nunched in floating decimal
‘form, 1.6., in the. form a,10P where.e.g. 10> a > lkand,

76 > Dy =76, - ) o
3. The .'instruction code'. |

Each 'instruction' is similar in structure to an ordinary
machine instruction both in31do the machine and on the tape and
programme sheets. We shall write tho gencral tinstruction! in the
form n, b, X., where n (2 characters) is the'address of an operand,
destination, etec., b (1 character) specifies the b line in the usual
way (digits .13 and 14 are spare) and X (function charactor)
specifios the particular oporation. X can be any onc of thc lottors
w, H, ¥, P, Q, O, B, G, ", M, V, £, 'Inotructions' with other
function characters will initiate curious offects. -Tho 13
'instructions! together‘with their times of opcration are ns

follows:
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60ms.| n, b, W| F'(4) = F (A) + F (n).

60ms - n,'b,.H FI(4) = F (A) = F (n)

80as.| n, b, Y| F'(n) = F (A), F'(4) = "zero"

25ms.| /, /, P| dummy ‘instruction', i.e., no effect

80us.| n, b, Q| F1(A) = F (&) + F (R). F (n)

80ms.| n, b, 0| F'(A) = F (4) < F (R). F (n)
i50ms.| n, b, B| F'(R) = I/F (n)

30ms. | n, b, G| F'(R) = F (n) | |

25ms,. n,/, "t =n+1, ie,, transfer 'control' ton + 1

o5ms.| n, /, M| If. F (A)>0, then t' = n + 1; otherwise F!'(A) = =F (&)

80ms. {2n, /, X | Call in nth~routine. as an ad-routine |

80ms. |2n, / V|'Call in nth-routiné as a sub-routine

25ms.| n, /, £| C* =n + 1, i.e., transfer control to n + 1.
Notes on 'instruction! code. |
(1) Wherever / appears in the representation, this signifies
that the character (or characters) is ibrelevant. ' '
(11) "“Zero" is the very small number, x.2-2563 where x is the
numerical nart (in standard form) of the number transferred.

(iii) B-lines. The number .(< 1024) in the specified B-line will
be added to the address referred to in the 'instruction' before it is
tobeyed!. Only B2 - B6 inclusive are aVailable howcver. An example
of the use of the B tube with FLOATCODE is given below in example 2,

(iv) The dummy 'instruction'. /// P.

For the purposc of numerical checking it may. be necessary to
print F (A) at suitable points in the programmé. This can be done
by inscrting the 'instruction' 2n, / V at the required points,
where n, refers to a closed routine which prints F(A), " When this
printing is no 1ongér required this 'instruction' can-be changed to
the dunmy ’instrﬁction' so that useful results can be obtained at
once without ény rcarrangement of 'instructions'’. The resulting
programne wili not hOWGvér be as fast as if the dummies wore romoved
entircly bocausc the dummy ‘instruction' takes abbut 29:1s.,

(v) The modulus 'instruction', a, / M.

Tn addition to its usc as an ordinary conditional transfor of
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'control! this 'instruction' may be used to find |F (A)] as follows.
If s, / M standing in s, is lobeyed', then 'control! is transferred
to s + 1 with F'(a) = |F (A)].

L. Egg@g}es 1llustrating the use of the 'instruction' code.

1. Given z = x + iy, where x = F(/C) and y = F(@C), place the
real and imaginary parts of z2 in :C and IC respcctively n and lz[2 int
3. o
Solution. The first 'instruction' is assumed to stand in line / / in

- order to fix our ideas.

i/l 3 0’
BT/ P|l
@2 C/ Y| ‘clear' A
aec/cly 5,
:10 C / 011 =y© %o 4C
siEc/yll |
,IZcfe
C Qi!
g-%-c 7w %o - y2 to :C
DleC/ ¥ J o
R i C ; W
J c/ H :
N % ¢/ EI x2 +y2 to 0
FizC/ Y] o
cl@c/ Qi
K|l@c/ Q| 2xy to IC _ ‘
TII C/ Y|
21z / / £|  returns control to L/ (i €4, leave FLOATCODE).

2.' Place in / C the scalar product of the two vectors whose
elements are in (1) / N, @ N, . . .,‘LNand (n) /F @F, Ce e,
L F inclusive. o - |
ASolutlon. As 1n the previous example the lst 1nstruction is assumed

to stand in / /. The sequence is entered at § /, assuming A is

tclear'.
/A‘JYG%‘; : o
Eis / / 7|  counting subsequence (see p. 5.14).
@r1/p!
My /7771 =20

318 / / /| control number

-3 817/ Y0 set BS =

i z / 9 21} enter FLOATCODE

'% 5 g g 8§j form product
R|£ £/ £ switch to counting subsequence.
Ji/ ¢/ Y| transfer to store
NiN/ / £! 1leave FLOATCODE to obey the following ordlnary instr.
F T e 90
C . @ 0 @ !
K L :
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Times of operation of the 'instructions!.

-

The times of operation of the 'instructions' other than division

are as follows::

P, ", M, and £ 25 ms.,

G 30 ms.

W, and H 60 ms.

¥, 9, 0, X, and V 80 ms.

Thus it appears that a programme drawn up in the 'instruction!
code will be slower by a factor of about 60'than would otherwise be
necessary, That this is'not a realistic estimate will be seen from
the followihg remarks. |

Firstly those routines which consist largely of ordinary"
instructions (i.e., which 'work behind the scenes') will be little
if any, slower than the corresponding routines designed for use in
a fixed point context, This applies particularly to the division |
sequence of FLOATCODE and the routine for finding loge F(A)z where
the numbers involved are already standardised. Input and output
also will take the same time in both casés.

Secondly, beéauée thére are no scale factors to worry sbout, a
programme which is.based on the 'instruction' code uses less |
instruction lines than would otherwise be necessary. In other
respects too,.the 'instruction' code is more streamlined than the
machine code, e.g., the discrimination and switching 'instructions'.
5, To use FLOATCODE | _

The four pages of instructions which make up FLOATCODE are given

on the next few pages, in some cases with explanatory notes. The
library tape for FLOATCODE contains all four pages and is punched

in two parts as follows

Part 1
K/%/ao‘o-o ' . -
K/D/ eeueen punching proper for material
K/R/eevene destined for S2 and S3
K/J/oo-o.‘- ¢ " )

- YKP destination’sequence
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Part 2
2/00'000 : ’
K/D/euenn ; punching proper for material
%ﬁ?ﬁ...... _ destined for Si and S5

The first part, if read by B.INPUT with H set to /A@E, causes the
first two pages to be written on track 98 for subsequent use as a
WORKING PERM: part 2 is intended to be treated as an ordinary two
page routine and followed by a destination sequence which refers to
a DIRECTORY setting in the usual way. The tape should thus be
copied on to the problem tape after the DIRECTORY setting sequences,
part 1 taking the place of the PERM alteration seduences.

The operations for starting a programme drawn up for FLOATCODE
are similar to those described on p.lk.23 for the sase of R.C.5/B. .
Thus it is first necessary to bring down the four pages of the
interpretive routine to 82, 53, Sh,'and S5 secondly to set Bl and
the cue to B,INPUT on the level so defined; and finally, By entering
the routine changing sequence which FLOATCODE incorporates, to call
in the master routine. Moreover if the master routine is cdled in
as an sub-routine of B.INPUT the actual instructions which effect
these operations are identical in both cases., Thus once Sk épd S5
have been set, the programme can be entered directly from the tape
by a G scquence in the usual way. The starting sequencés thus.take
the form | | - | |

Lab .sets Sk and 85,

G(n) sets S2 and S3; calls in nth routine
as a sub-routine of B. INPUT, |

The characters ab refer to the DLMQCTORY entry for the material
in part 23 they are thus 1dentlcal Wlth the corresponding characters
of the destination sequence which follows part 2, .

6. Auxiliary Routlnes

A number of routlnes d051gned for use with FLOATCODE are
| available. They greatly increase its general utillty. The follow1ng
table summarisos all the relevant information about_the auxiliary

rcutines. The library tapes are punched for use with B.INPUT.
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Name of Routine. FC/DECPRINT:A

Purpose. To print F(A) in floating decimal form. For use with
FLOATCODE, closed routine, .

Tose 7+ (see ot 3)

Magnetic Storage Variable . Electronic Storage S0

Stores Altcred None. May alter Q digit (B-sign)

Effects Prints F(A) in decimal {loating point form, e.g., % is
printed as +2,5000 0000 =01
| The layout ond nunber of‘figures arc fixed.
_The cue with the lower control number gives C,R. and L, F,
before printing.
Notes. 1. The two pages of the routine must be stored in the same
' track, |

2. The cue must bring the left half track only to S.0,

3. FC/DECPRINT:A is allotted two magnetic entries in the
DIRECTORY: one is the magnetic half cue for entry to the
routine; the other is used mefely for reading in. They
_take the form ..// and ..@/ respectively. The punching
proper corresponds to Sk and S5,

4. The routine may be used if F(A) is not standardised, but

in this casce there may be a loss of accuracy.

Name of Routine. FC/DECINPUT.

Purpose. Decimal input for use with FLOATCODE, closed routine.
Cuc. GJ//..@%

Megnetic Storage Variable. Electronic Storage. S4% and S5,
Stores Altered WI, HI, B5, B6, Sk, and S5.

Effects Reads a scquence of numbers in floating decimal form

x = a x 10P (1.0 €|a| < 10, lpl<i765, converts them into floating
binary form x = b x 29 (&¢ibl < 5. |q| <.256), packs each into a
single long lino in the form suitable for FLOATCODE and puts them
into successive long lines in the store, the first address being
specified by B5 on entry. The number should be punched on the
tape in the form a, + or =, p, + Or = omitting the decimal p01nt

in a. Characters other than 0 = 9 +, - have the following effectss~

ot
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£ indicates error. Causes the part of the number already read
to be ignorod. The tape is then read for the corrected number,
atarting a frosh with the new a.

Y causes the next two characters to be taken as the address of
the first number in a new sequence, i.e., Yo B sets B5 =x/// and
returns to read further numbers. |

1 osauses the routine to be replaced on S4% and SS by FLOATCODE C
and D and then enters R.C.S. by the instruction NS/P. The magnetic
instruction concerned stands in line HD. It is I/@D whiph assumes
that FLOATCODE pt II is stored on track 6. This instruction can
however be altered by following the punching proper with a sequence
of the form KHDE..@D. Tha punching proper corresponds to sk and S5.

Any other character is agsumed to. be a punching error, and the
machine comes to a dynamic stop iﬂ{line MZ.

Numbers can be placed anywhere in the store (including SO and
S1) except on S2, Sk, S5, and the lines WI, HI, and the R,C.S.
Notes. 1. WI and HI, which are working space 1in FLOATCODE, have

the final,vaiues HD/: and NS/P respectively.

2, If it is desired to punch the numbers on a separéte
tape this should start with a Y-sequence._ Blapk‘Tape
before tﬁis,will have no effect.




(1)

5.13 C

Sej0usp ;91035

STY3 oJansus o]

1T waﬁhgoo ueym autqnod ay3 Jo @mog 2yl pm >\..

“(9g - 2 pue ‘4 ‘98 ‘oS

oy3) SeuTjnoI 9sOUY 0 Aue £q pagegIe ode ,9I0%8; dY3 JO seutT ON °€

*quemwndde oyj UL PPe Udyjl Y IB3TOy 1SITF

*mIOJ PJIEpuUB}S UT on pmsa (V4 oog¢mbe<z om ouTINOJd oyj} JO OSE®O oy} UL  °2

*adeq woTqoad € uo

wELy wﬂaﬂonsn £q gndut 3utanp 39S 2 ueo

.GOApoﬁnpmcd_ sTyy ‘weTqoxd eyl UT SUTINOJL 8Y3 JO UOTRIOWUS YUY uo spuodep UT pﬂ

STT®0 yotym ‘A ¢ * * ¢,U0T4ONIYSUT, oYL °SUTINOI-quS T ST Z00NTVODS:0d SOSU TODHVIOL °T
. *S0q0N
I00¥TUYADS:0d | * " F0OFF 08 oTqeTaep | 095 G2 | (V)d,.30° = (V).ud I00YY:Dd
mmmmmm | 0000 //33 0s oTqetaeA | *des 64°0 | (V)4 °20T = (V)4 | DOTVINLYN:Dd
mmmmmm | 0 //FF 0s oTqeTdBA | *095 T°0 (VA= (V)d | I00YTIVADS:Dd
aEsn SENILNOY JOVH0LS HOVYOLS | NOILVYIIO
HAHIO SHND DINOYIDTTE | OILENDVH J0 FHIL LoTAdH VN




5.1k

INTERCODE.
LN LRGP

- HII/i£E£V 0. L
Entry from sequence —E:/ I 3 G: t entry instructions
of ordinary e iS_U. P . _

instructions \

}subsequence directory

control number'for X tinstruction!
1] " 1 V 1] "

J " f1 ] £ " n
} working swace

magnetic instruction: 34L to SO
constants (N.B., if PERM is
available these can be dispensed
with and the entry instruction
placed here instead of in lines /I,
EI, and @I).

further constants

B OO UKE =L NHERG S IO HN - SO EN
Q

i

-

Entry for ad-routine--
i U gub-routine—

Routine changing sequence:
similar to instructions QS to £S.
of R.C.S/B

HONHHe N\ HOHhHNENNENSNNHH

CeO FFINH H R NO B NN NE NN NOO NN N H NN

WOPWEErHNQNQHE Qo

QQENO e @ N OANUH NN

Entry from closed ---

| S ,,____._....../ R L

routines (by AU/P)

i
Entry from . select 'control! number from list
subsequence (see |— | '
note 2). l | test digit 19 of control number ¥
Entry fron the —— | adjust 'control! number

replace 'control'! number
} select 'instruction' from 'programme’

entry instructions

unpack 'instruction': 1lst 3
characters (address) are placed in
KI, last character is placed in ZI.

HNAWSGRONNEUOURAHANNEOENREEHEHHNNNO® NN

N R Q2 U Dea 4 D e B0 BN < 54

e+ g e 8 e .

MHHH» HHNNdhddadde

switch to appropriate sequence
£ (When entering new routines).
Notes. 1. If the programme iﬁyolves the j th level, then line pairs
LU, HU, .., (2])U are used by INTERCODE. | |

2. The subéequence of instructions specified in the directory
must be terminated by an instruction which transfers control to :U,
In FLOATCODE this is achieved by setting{%[l;gg = AU and torminating
each subsequence by II/P so that the P - ;insfruction"becomps

effectively a dummy 'instruction', Alternatively, if the constants

—
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l in Jines W I to QI inclusive are dispensed with, then the entry
{ instructions and the control number A U can be placed in these lines.

{ This scheme has the advantage that the subsequence directory can be

extended to occupy lines /I, EI and @I.




Progr-mme Sheet 2.

FLOATCODE/B.

/A &

-
i

FLOATCOD

ROUTIVE.

ol

B e GTLTCZC/RANRAOP.
NNENNNHEOCNMQEHEANEHEPD
HePDDDPnbNNHH “HHH®

() <G DNINCEH HEH O BN O M > M EH N B

/E@A:SIU?DTJNFCKTZLWHYPQOBGuMXV£

O O AN NN N N N O N N N N O N N NN NN NN NN NN NN AN rON "
- e O NG NG N N NN N N N N N 1 N N N N N N R P N A W g o
£IUUUDUUUUUJJII///D/////EF/ N D
RN DR <LHURRIRBN = ///@/////ﬁrfALK/L

L H]

N O NN BN G NN NN NN NN NN N NN NN NN
O NN NN NN NN N N NN NN N N NN NN N N NN
NNNNNNNNN EQ N DN ENNNNNNN HHH e
NSNS NN H NSNS N NN NN N O ANN DO 0 A
NEG@< e mHDINAE L S ROMEBENAZSONMHACOMO = SIKEQR
S NN R NN N N NN NN NN NN A
O O O O O O OO DG RN L NG
NN NN AN GO N ON ENONONONONNONNININYNYN
5 D G YR N NN N NN OO OO OO NN N

Il
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Programme Sheet 2.

: FLOATCODi/D.

0
L

FLOATCODZ/C

ROUTINE.

i

NFREOuAOouANGESmagROMAMAhHG »AHTHRANEN
NEHENCGON GO CHNHEHHEN FHENNN BN ENEAENNNNEHN
NNEHEDHNWN® cNUNNH NN D WWN R0 HP NN\
NEAMQUIKMHRA s <<Z2EHEH2 EEEHHHBABHERHHMOOHNN

NHG < cnHDNAGHZEROMENAREMHACOMO= S
OBMOARULPLELRIENGOCOVOOGHE ~URAHEZ<OMANO QN
G’ GG’ O™ K CNUNNNN G GNN GG G EH NN @ NS ¢ i
HP MU ASN LW UNNG TG oo o0 o T LF o0 02 A WN K 0 HNON BN
MbEOMEIN <GSRk cORAMEN XD IEOMNEMHNNNN

MHAOGBOGONGOPNCFENHOGB?Q/KDAP££Z
NHE OO OND NN EPNNN\N\NCCCHNN HEHEHN QKN
NWNW < NNAW *NA < H*NNNNANANN *EN »DHB> QN
RN MO AR HEEHHMEME GHEE RHO BN
NEAQ@d ennHDNAMHEEREOMEHANAZHMHACOMNOE AN
CURMEADDOANANGAMEHAN O 4R 4MOoOUOMOoOM
C NN EHENNCGPDHEHHENNNH\HHHDHRHN O\ G
HON * *NNHNNNNRHNNNNNNNNNW NN L > NN
K£A/YWWYZSWTYLITWIWLYYEWWWKYUPYx
i




7,10

ROUTINE. FLOATCODE/C.

|3]/|jxk 190 -
- g £D GG plant selection instruction
dA 5 Q B
A//SK
(Y ¢+ / N
SIW::TD unpack onerand
IlwWs/ U -
UiyYs/ U
5 g é % g } multiway switch
(G)==3|RIW S T / ,
JIT 8T AL} gutorder' s repl F(R) by F(n)
Sy s/ - er' : replaces y F(n
FILSTA
ClI.I /P return to 'control!
(Q,0)=—|K[T § 7/ K .
TIWS/ F |
ZIISTTI
Liws/ A Q & 0 - 'orders'!
WlLST/
HIYSTC '
YIYSTA
PIE SUP 2 way switeh to Qg or B* :
(E)~—3 % % g g E } change sign‘ox op?rand in the case of an
(W)~ BlW S / K f - lorder
1GlK s Q0
MY s 9 G
MIiU 0 Junp if p e q
XiPsS QB Interyhange roles of addend and angend
Vi¥ $Q O and place larger exponent in KS.
ZIKS QB :
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ROUTINE, FLOATCODE/C (2nd column),

]D /1P s/ K (See note at foot of »revious column)
ElWs T/ ‘
@IF STA| J
A/:QO\
PSS QG
SIPS QB
I]0ODQ O arranges that numerical part of smaller
[ 9 G| | number is multipliad by the appropriate
=S @ 0| § (negative) »ower of two before combining
DIDSUN the nuabers.
RIXDQG
JIA +/ 0 J ,
NM{I I / P| return to 'control' if exponents differ by
FI/ U N nore than 40 '

SlClI S/ C

KiF s/ F combine numerical narts
TIFS/E
Z|lI1s/ 1
LIID/ H test range of answer
WIKSAao0
HIVDQG correct exnonent
YK S0 ?
PIFS T3

—lQla s / Q
olrz=/7/
BIFSTK

—3{G|E2 : TD Round~off by meking last digit odd.
MFSTA :
MII/ P return to 'coatrol!
X6 V£ £ o
ViV £ £ £
£ /7 2




Q
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ROUTINE FLOATCODZ/D.

(¥) R

[
:

} Plants transfer order -

= -1Q2h

standardise numerical part, adjusting
the exnonent accordingly.

Hmm ot e N E A

DD D ND NONNNND h O DD D
nHMgEIqU@AHhygowRo

Dynamic ston if p (corrected) » 256

oo wmo-

If p (corrected) = =~ 512, then revplace
p by = 512 - -

packing sequence

planted transfer order
set exwonent of F(4) = ~512
return to 'control! ‘

A
4
= = 512

h<NZ=OW0©@H$€HNHWOMEQWUWGHMn>@w\
i R e RR O MO RS NEnU= Qe HEEE NSRS

SNENNHNENNO W e U2 oo
D SN HNNNNHOD

N\hoNNgworEHEQeWRooR 00
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ROUTINZ. FLOATCODZ/D (2nd column)

B '
(1) = M - 'order!

(") =

" . lorder!

(B)—3

calculate exnonent of
quotient '

nhnnycasgHI" ™

NNH NH NHE NN H B NH H FE ENHE OO OND D NN
NEZENgHEHD e P HOGUO R RO P EHEPEONOQ O RO I H™N

Make divisor nositive, chainging
sign of dividend if necessary .

SR ER e MO R T RN

—
-

PR sOUOOYKEZHNRBRHFQE ZY DU HW < = 8N

S
S
S
S
J
W S .
— W S .
: W S Repetitive ?ycle: )
TS = a l=-2c
T S an+l n2 n
% g Chel1 T ~Cn
TJ ¢ = 2b=-l
WS °
RJ a, ==
L—11lo T €n = ©° n - 8 b
I =6
/7 s - (//TA)
/ /
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ROUTINE., C:SGUAREROOT.

/ S
MATTAN |
g Calculates exponent of result plz
1 - o |
9 (P -.R%l Af p is odd;
: pt = P*2 if p is even.
S J 2 '
S
S
7 forms ag
form C

plants® Chal \ repetitive cycle:

- Cny
rq; Test for end n+l ~ an.(l * é»

of process 2 ,Cn.
= C pS/ ¢ W 32
&n+l = an(l+%1) = o 4_)

S AR EE R OFe He MANNQEHINAO

$Co=l—ao
J .
\ ap $d3,

" Cp+1™ Ci&{?’ +%)

) Y

repeat cycle

h<=Z cOWOoOO KD HNHR Q= 0O H W e O E N
VZPZPHZObQMMP§GUO>QHZOZO>'OUHNZD>ZP§‘

CmHEHEaaR.e.
NHHHHSNNRROHHAD N RN T
NSNS E NSO FEENNNHNS
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ROUTIVNE. TI'C:IJATURALOG.
|/]/lrs Tk
EiwWITAV
@W :/ C -
AlCS/ T form_P.6 and plant in FS
| / T R| ol |
S{H 2 T N} ,
IS T A} A '
H L:TTPF set stroke
=Y I T A
DiwI/ C repetitive cycle: calculates
RIWI/ U _
N TA =
FlWwI/A 210 2l /| 2
g §,g ; é ? by a digit by digit »rocess,
MYy I/ F using a shifting negative
Z:—LSTI stroke. )
Li:/ / H :
wiu/ /1
LHIW / § Pl J
W I/ NNt o, xpw
PIISTINWVE T <
Qiw I / ﬁ
O|lYIT=
BIFSTOC
GIFSTA
,______,_uJ//p
v/ / /7 7/
mxﬁ/g% -
Vig & . -
l § g S 9 B },/set exponent of rgsult. D 10
E|/II E C P _ P 2°
_..g ; ? ; g § 1oge a.2 log2 8.2 X loge
' round=off
AlIE : T D
HFSTA replace
slA U/ Pl close
IR J X K
gEBSP}logez
H///

-~

L




ROUTINE. FC:ARCOT.

LZ1/|a 7 ; H| test sgn of x; finds modulus
ElWwI Y : C
e/ /H ‘ ’
Als/ / v| | set t_ = |x| and record sign of x
s W } ; Y by pl@nting 2" or -2"
sl / ./ W} | ‘ .
oz 7 5 : T (b b )
J|Z / /£ set counter (by subsequence
sIWI/ G
Dlw } ; Q repetitive cycle: -
R{G W |
/ 2
¢ o \' = + 1+t
grw:téw b = 5PV
FIWI/Y . L
Clw/ /£
I,_% lil % ;g } form + 2"/t"
1z{/ v/ £ closure
Lip/ YO
Wwiri/p
H[0 /" O _ |
3}-{, 1% ? }z % counting subsequence
Qs u/ P ‘
0lU/ 0 £
BIZ £ £ £
ﬁ;%/j } FG/) = 1
{74041 rwn -
Vv
£




Chapter 6.

The calculation of functions. of a single variable.

Introduction.

Many problems in comnutation recuire routines for the evaluation
of functions of one variable. In hand computing function values are
generally obtained by interpolation in tables. With an electronic
machine this method can still be used but.it is often nreferable to
emnloy morc direet methods of calculating funétions. The methods
available can be classified as follows: | |

l. Use of woower serieé,
2, Iterative H
3. Repetitive and digital methods.

! Power Serics.

It is often possible to revresent a function and its derivatives
, to the accuracy desired, over a restricted range of the argument, by
. polynomial thus - o

fx) = ééo a, x (X ~ X ‘-Xl)-

If the function cannot bec roepresented to the desirud accuracy in this
{ way, then it may be possible to dlvide the range and use separate
approximations in cach intoervel.

A polynomial is a very convenient formula for machine calculation.
Given the coefficlents dr, tho numerical value of f(x) and its
derivatives may'be calcu;ated by the well known recurrence relations

Py = 2 4 = O - B9 =0

. pI‘ = pr-lx + an_x; qI‘ = qr_lx +pr_l -".'I‘ = ",)I‘-(-lx + qr_l
= = f1 = I"(x)

Py = £(x) q, = £'(x) a5

f A scguence of instructions for evaluating the first set of relations
is given in Chapter 2, Examples 2, 3.

The two nrinciple methods of polynomial avproximation are (1) the
' use of the Taylor series, and (2) the expansion in terms of Tchebychef
polynomials.

The Taylor Series.

The simplest method of polynomial approximation is to truncate
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the Taylor expansion of the function. To minimise the error committed
- called the truncation error - the expansion should be made about the
mid-point of the range.. In the case of a real altefnating series the *

truncation o:ror is less in modulus than the first term omitted.

Tchebychef Polynomials. (reference 1).

The Tchebychef nolynomials Tn(x).are defined in the range

(-1& x £1) by | -
Tn(x) = cos(n cos™tx). .
Of all the polynomials of degree n which have maximum modulus unity in
this range T_(x) has the greatest coefficient of x", This is 2 .
Thus if the oxpansion .
£(x) = 3;0 a, T,.(x)

igntruncated after the nth torm, thén the error cbmmitted is less than
ézltar[ and it is distributed more or less evenly over the whole range
?+%nliko the case of the Taylor expansion where the error is a maximum
at tho onds of the range. | | . |

Tchebychef polynoﬁials-éah be used to reduce the number of terms
in an épproximation,ﬁaéod:on the‘TdyIOf exﬁanéioh. If by a chaﬁge of
. scale and origin the function is éxpdndéd in éjMaclaurin'series'in the
range (-1, +1), and ﬁhe serieéytrunéated so that the maximum error is
not excecded, then the number of torms may be.reauced by one in the
following way: o |

T,(x) = 2 x4 Tn(x), Whére‘fn(x) is a polynomial of degree
. less thar n. Let the last term rcfained in the truncated Maclaurin
expansion pé anxn. If angn'is'replaced.by -an2"n§n(x),‘then‘the modulus
of the error committed is less than l2ﬁﬂanTn(i)\{ 2‘n[anl. Thus- the
" term ax™ has been replaced by gn approximation consisting only of
tarms of lower degree in x, By a repetition of this process.the series
is reducud step by step until the sum of thé~maximum‘errors'reaches.thei
| limit allowable.
The sum of,fhe Tchebyschéf series _

| Cf(x) = .<J1'arATr(x)

)

- r=0

can be calculated by a step~by-step méﬁhbd,' éimiiar'to that for a
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power serics, by means of tho .3 term recurrence relations

P = &

. n
pp = apw+a 4 S
P 2XPp= Ppuy ~Xapp %n-(r+l)
| p, = £(x).
These arq_bqsed on the recurrence relation satisfied by T., naﬁely, -
Tr - 2x7T el T T pop = 0

The use of nolynomlul approximation is more economical of machlne_
time ﬁhan cher methods but,the calculation of the coefficients can be.
a tedious business ;f the full accuracy of the machine is required. -

A routine is being prepared however to reduce the number of terms in
truncatced Taylor cxpansions by the above méthod.
Functions which satisfy an algebraic equation. _
| If the value £(a) of the function to be calculated satisfies an
j algebraic'éduation‘F(f(a),a) = 0, then any method of solving thié" '
| cquation is a method for calculating £(a). An aécoﬁnt of the methddé
available can be found in refercnce 2 and 3. Thpy éan'be'classified
as follows: - |

1. 'Iterativo, e+g., rule of false pdsitidn, Newton's methdd;'

2,  Repotitive; and o -

- 3. ‘Digit by digit method bascd on a Welrstr3351an sub div131on
process. , o _

In the next section we shall see that repctitive and digital

i methods are more genéral and can éonverge to functions not defined by
an algebraic equation but.by'an'algebraic addition law.

| 1, __Iterotive nothods |

An iterative method. is one by which the rébt of the equation - the
| required value of the functién -~ 1s obtained by a successive ‘
approximation process of the form .

| | Vg1 = Vo * G (y ,a)

| where G is so chosen that ;y - ydmd 0 as n-y~0, and G(y,a) has the
same roots as F(y,a).

An iterative vrocess is said to have mth order convergence if the

error at cny stage, e, = yn - ¥, behaves according to a relatlon of
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the form

- m
en+l— On (ao"‘al en+ e« o o ).

The higher the value of m, the more ranid will be the convergence.
1. Taking G = kF usually yields a first order nrocess (m=1).
. For examnle, let F(y,a) = ay-l. Then yp.q =¥y + k(ayn-l) and e,

satisfies o (1+ka). It is necessary for convergence that

n+l* €n
| 14+kal < 1,
Therc is little advantage in using a first order nrocess unless

the value of ag - called the degree of convergcnce in this case - is

small cnough to ensure rapid convargence.‘ For hand compmutation ag

should be fb or less: with an electronic comvutor values up to 0.9

can be tolerated.

2. Taking G = - f” gives Newton's method (sometimes called the
Nowton - Raphson method). This is & sccond order process. The form
of F should be choscn so that divisions are avoided in the iterative
loon (unless ﬁhe time spent in nrogrammed division can be tolérated).
For oxample let f(x) = x-l/p where p is a positive integer. We have
F(y,a) = y P-a and the iterative formula is |
Vor1 = Ya " (YEE:§~;) = % ¥ = aynp+l)

“P¥n -
" No division operation is involved other than the calculation of~2%}
whlch will presumably bé a parametcer of the routine.
If e, is small, i.c., in the nelghbourhood of the root, then

1 -]
(_.9*2:.213 g Pl g2

-+
prl et e so that we obtain

_  .ptl X
v, =y ¢ (p+l)y(,-n_+

the relation 1

e: & (p+l) aP -ei

n+l
. for successive crrors.
The determination of the range of values of the inltlal
“aﬁproximation for which convergence is assurcd will not be given here.
It is possiblc that particular iterative vrocesses will converge from
,any first approximation, but this should never be assumed without
fufthcr investigation. | |

‘The number of iteratlons fequiréd denends on the error of the
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4

first approximation, For this rcason iterative methods arc very
suitable for the calculation of functions dppearing in the integration
of diffcrential equaﬁions, where suitable approximaﬁions are derived
from the values at the previous step. Usually the number of . .. -
itorations resquired in such cdses'is at the most two.

In testing for convergonce of an iteration, the most convenient
method 1s to test the difference- between successive values of the
itecrate, and to cnd the process when tho difference is 'sufficiently! y
small. In adjudging this criterion, it should be remembered that for
sccond (und higher order) iterative processes, the error in the n+1%H
iterate is approximately equal to the square of thaﬁvof the nth iterate
and hence to the square of the differcnce between the nth and n+lth |
iterates. Thus if an accuracy of 27 -2n is required from a second

order itoration, the process of caleulation need only be carried on

i until the difference between successive iterates is somewhat less than

2-n, depending on the value of the term a, in the relation between“thé
errors of successive iterates. There is nb‘advant&ge in continuing
thé process further.

The self-checking feature of iterative methods make them very
attractive for hand computation; an orror in the calculation of y,
at any step is equivalent to startlng the noxt iteration from a newrby
noint and, if the error is small the total number of iteratlons will
hardly be affected. ©Such methods can also be used in cases in which
the unknown y is an ordered set of numbers - a vector or a matrix.
They are suitable for use w1th computing machines for two reasons,
they can' be fast and make little demand on'storage capacity.

2. Repetitive methods.

We now consider a typo of process in which the root of the
equation F(y,a) =0 ié'produced as the limit of a sequence of values
defined by a repetiti&e'rule, of which the initial value(s) is a
definite ™uanction of a; These methods do not npossess fhe self-
éhecking feature of the iterative type since the errors 1ntroduced ‘
can be cumulative and each process must be separately examlned to

see how the error behaves.
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]
A renetive nrocess can be derived from the 2nd order iterative

nrocess given above by eliminating the parameter a from two

consecutive iterations.

We have 1 ( : P
’ = + -
yn+l ' yn hs) Yn l-a n )
_ . . 1 o -9 L I
= ¥, t b Yy 8o where g = 1 -ay.;" .

Elininating a between g, and 8ny1 . e have
_ : ) ~ ’

(1-g > vP= (1-gy>

n+1l

- —‘ ) p 1'.. p.
(1 - en) vy 1+ i g,

Hence 8y = 1 - (1 =~ gn) (1 + ¢ p g, )p

The process thus becoies the remetitive nrocess

= 1
) gn+l = 1 = (1 - gn) (l + p g )
‘in"which the parameter a apnears only in the initial conditions
- ’ . ’ - - p
. ~ g, =1l-avy,

y being arbitrary w1thin some definite range. The nrocess is

4

quadratlcully convergent becauqe the Y, are equal to the corresnonding

"iterates in the or1gina1 iterative nrocess. If the inltial conditlons

are altered "t0:

8y = l-a, Yo still being’ arbit&ry, then y, converges to
y a—l/p. LThlS follows from writing g . = 1 -a = 1 p:-m.wyp
0 o yP/ o -

The following are the flrst four members of this class of

' repetltive formulae

y = ¥y, t

a1 Ta T 3 yn fn 2
EERE A ;
p =2, én+l = gi( f+ie)
P=3,_gn+l= 82(%"'@87%4'@1781?)

_ _ 8.5 o .15 2. 1 3
p=h, g0 T 8B *168n T 36 8y T S5 En
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.go = 1 = ag

oy -~
Yo — yoa P as g y 0.

By setting Yo to certain nowers of - square roots, cube roots,

converge for 0 < x 4.% and, if the final result is within range,

‘and a variety of fractional powers may be calculated. These nrocesses

then all the intermediate steps will be also. The nrocess corresoond-

ing to the case p = 1 is illustrated by examvles 5,'2,of Chantér 2

~and in the internretive, routine FLOATCODE.

3. Digit-by-digit methods.

These are methods for extracting the successive binary digits of
the root, beginning with the most significant digit and ending when
the desired (or maximum) accﬁrapy has been obtained. Thé‘familiar

methods of longldivision; extraction of square roots, and Horner's

&

process, are examples of digit by digit methods in the decimal systea.

In the binary system the choice of whother a digit is-0 or 1 may be
made to depend on the sign of some numerical quantity.

The genérél7formrof this nrocess is as follows.. Let F(y,a)

‘have one root in the interval Cyl,:yz) and let_F(yl, a) and F(yz, a)
"be of onpositc sign. If the interval is halved, then the sign of the

nid-ordinate P(Yl—- Yo, a) - will indicate which of th:-two half .

intervals contains the root.’ By a‘repetition of this process (first

“usced by Weirstrass) the interval containing the ‘root can be' made as

smalixas desired. . o ‘ L .

A suitable form for machine use 1s the follo&ingé Let F(y,a)
have one root in thb interval (0 & X <.1) and sunnose that T has a
p051tive, non zaro, gradient in this range and that F(0,2)<0. A
digit-by~digit process for calculating the root is:

_ -(n+1) . o=(n+l) :
Yn+1 = ¥p otherwise:

whe;'ce initi_ally Yo = 0 and :.t‘inally y)+0 = f(a),.if the full accuracy
of the machine is used. It is assumed that F does not oxcsed the

capaclty of the machine (& convention) at any stage, i.e., that

N

%
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If F(y,a) has a negative gradient and F(0,a) > O, then the

=(0+1) .y uld be reversed. If the

conditions for the addition of 2
process is terminated at any stage, then the resulting approximation
is biased, i.e., always in defect or excess of the actual root. This
can be avoided by using the non-restoring form of the w»rocess which,

in the case of a function with. a negative slowe, is

- ~(n+1)
Yo = 0y V1= Vgt 2 if Fly,, a) 2 0;
_ ~(n+1)
Vg1 S Y " 2 - otherwise,

With this nrocess the last digit of any ap»nroximation is a 1.

The error of the nrocess is annroximately 2"11L0 ‘gg s which may
be quite large, as may be sec¢n by considering the nrocess for the
square root function when the argumegnt a is near zero (F(y)=%=y2).

Functions which'Satisfy an algsbraic addition law,

Digit-by-dizit and renetitive nrocesses can be used to calculate
thg lozarithmic and trigonometrical functionsj; tney are usuvally
derived from the addition law satisfied by the function, Some
examnles are ziven here.

The Logarithm Tunction.

This function satisfies the relation
log x° = 2 log X.
Let the binary exmansion of logzx (2> x> 1) be

Ouoly Xpetgmy eree

2
Hence loga.x = :
g2 o(loC{z 0(3d,)+ e s e .

If x2» 2, then «, = 1; otherwise o, = 0.
If «. = 1, then log.(xY/ 2') = 0. o : otherwise

1 9 ‘ 2 s O 5 0(3 ’+ oooog.

lo 'x2 0., «
= . & (o cooe .
g2 |2 (43 )+ ¢

A renetition of this »rocess with one of the last relations

- determines cx2 s and so on.

The_inverse trigonometrical functions.

A digit-by-digit nrocess for determining x given the values
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sin 4 x and cos #x 1s based on the relations:
| 'sin 2 8 = 2 sin 6 cos O,
cos 2 8 = cos?@ - sin29;
~_and the »nroperty
| sin © » cos 8, if © zrﬁ; sin @ < cos @ otherwise,
Let the binary expansion of x be
X = Oo‘¥l'((20(3;?()+ cres o

Let sin 3%5 and Q9§3ﬁ; be denoted by So and Co respectively.

If 853 C, 4 then~y = 1j otherwise~y = 0., Ifx; = 0
comput.; Si = sin %12x) and Cl = cos ‘lex) by means of the relation
S, = 25, C, 5.
c. = & -8
"1 7 o o}

S - U (oey o T = oo -
otherwise conpute Sl - sin’(?_ (2x) 2) and C = cos (2 (2x) 2) ]
by means of o : s
, 5 5 ;

5= S; = O, G = 26,8

Repeat the nrocess with Sl and Clg and so oh.
.. process forvfinding the arcotangent function ks us: of the

repctitive soquiie:

L e

e

2
tn-i-l = tn-+ ‘/l + ‘tn .
. ' : n >
If to = cot 6, then tn = cot ég = %y for sufficiently large values
of a. Accuracy is lost in the initial'stxg; t_ is large and

o
negative but, without loss of generality, to'can be limited to

nositive values.,

The mxponential function.

A method for calculating the exponential functions makes use of

the recurrence rslation

Y2 :
v =y + "0
n-l n 2n+l ?

-n .
which is satisfied by the functiony = 23(~a2 X . 1.).
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Starting with yyg = 239 ((l +2739 x e .. L) - 1}'# X the
repetitive sccuence is wound backwards to obtain yé = 0% -1. The
method is illustrated by examvnle, 5.1 of Chavter 2,
Internolation
We conclude this Chanter with one or two remarks about the machine
aspect of -internolation.
- Interpolation is a wrocess for finding the value y of‘a function
y = I(x) for any value of x given, not the form ol the function, but
a double entry table (Xl’ ¥1)s. (Bpy ¥0)y o o oy (x, ¥,), Where
yp = £(x,) and x lies in the range of arguments. In many cises the
arguments will be entered at a fixed interval. A methcd of polynomial
internolatioh ~ Neville's method - whichvis‘very suitaﬁle for machine
Use is described- by W.E.lilne (Numerical Calculus, Princeton~Universiﬁy
Presé, 1949, - p. 72). If the arguments are not given at fixed -
intervals, then division operations will be encountered whichlmake,thg
process considérably slowéb than would‘otherwise be the case.
Inverse intermnolation can be verformed by Neville's method merely
by interchanging the roles of the dependent and indenendent variables.
On the whole, intermolatior is an unsatisfactory method of
calculation with the machine as thc demands on electronic storage are
exc.ssive andy; 1f the tabular values are not calcul@ted by the machine
- as for exumnle in the solution of a differential equation, but‘are"
inscrted on punched tgpe, there is the additiohal labour of punching
and‘checking the tabular values.
1. Langos, C., Trigondmetric Interpolation of Emperical,and
 Analytical Functions, J. Math. Phys. 17, pp. 123-199.

2. Brooker, R.A., The Solution of Algegraic Eguations on the EDSAC,
Proc, Camb. Phil, Soc., 48.2 Lo

3.  Olver, F.W.J.,  The Evolution of Zeros of High-Degree Polynomials,
- ‘ Phil. Trans. Roy. Soc., A, 244, pp. 385-415.
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Provisional Summary of the Routines for Calculating Algebraic

and Elementary Functions

The routine listed below can be used with either scheme A
or scheme B: alternative cues are provided (columns 7 & 8), They
are all intended for variable magnetic storage and for elec'troriic
storage S1, except in the case of.two page routines where the
¢lectronic storage is SO and Sl. 'For one page routines the check
characters in the scheme A cues are calculated on the assumption
that [/ E| = BEE//. The principle line [/ A] is given in the 6th
column and in the case of two page routines [/ E] is given
immediately below [/ Aj.

The routines all relate to functions of one, two, or three
variables x, y, and z denoting elther [/ C]{, [@ C]F’ and [: c];
or [L];, [Nﬂjg ~and D according as to whether the routinec is
called in by R.C.S. or R.C.8/B. We use x_ and x, to denote [/ é}+}
and [/ C}iﬁ respectively: similarly for y and z. In geperal the
function value is a single 40 digit number and this will be found
in L on leaving the foutine. Where the routine calculates.two
forty digit numbers then these will be found in L and M or /C and
@C according as to whether the routine is used with R.C.S. or R.C.S/B

For all library tapes the name of the routine (lst column)
isAwritton both on the tape and the box which contains it. 1In the
casé of scheme A tho nciwe is also in-the titliﬂg'soduenbo.l .

‘ ' ’

Authors |

R. A, Brooker, A, E. Glennie, N. E. Hoskin, R. K. Livesley,
c. M. Popplewell, and A, M. Turing. : h
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B/ROOT/A
Effocts |
[L']if = a, where a is a root.of f (x) - y, = 0 (or of
F(x) -y, =0), and. f(x) is calculated by an auxiliary sub-routine

having the effect-[L'}if= f(xt).(or the effecf [Lﬁ o =  F(xi) )e

Initially [L}+ rust contain an."approximation" X, to a such

) 1
that -3¢ x, < ¥, that | f(xp)| < 3| ©F/sx), where ax, = 37,

and that =& x, - g.}f{o (fo =¥)€ 2
Accuracy o
See notes.,
Time .
(200 + T)p ms., where T is the time taken by the auxiliary
sub-routine and p is the nunber of iterations required to satisfy
thé convergence criterion (see notes below).
Cue.
£E . v...0@
Notos
1. The routine has'éssociated with it throe 20 digit preset

paramectors. These are

aj by //, giving the DIRZCTORY number of the auxiliary sub-
routine. ‘ ‘ :

an by //, giving thc first of 6 consecutive long lines to be
- T used as working space by B/ROOT/A. These must nhot
be used by the auxiliary sub=-routine. ‘
aj b3 //, giving tho addross of £ , a small positivo (40 digit)
constant to be used in the convergence criterion;
which is that two consccutive values of f(x) - y must
differ by less than € . When this condition is
satisfied the routine is quitted and the value of
¥ (x) -y is left in location (ap by + L) .
. Thesoe paranmeters must be standing in lines TU, ZU, and LU when
B/ROOT/A is rcad. The routino tape makes use of an interlude (which
tonporarily occupies lincs /U through KU) to seloct and plant these
paransters at appropriate points within the actual routine (which is
standing in S5) beforethis is transferred to the nagnetic store.
5, Mothod. The root is approached by the rule of false
. ' 1
position, the maximum size of the step being restricted to 33
Within the 'neighbourhood' of the root the process amounts to

inverse (linear)interpolation. Author AL.E.G. |
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Chapter 7.

Nunerical Solution of Ordinary Differential Equations.

Thc methodsnost‘generally used are step-by-step uethods, known
as such beéause the values of the dependent variable are calculated
one after the other for a sequence of equally spaced vdlues of the

:) indcpendent variable. The majority are based on difference forrulae
and use previously computed values of the dependent variable to obtain
;thevvaiue at the nexﬁ point. The accuraéy of these formulae depend
both on the nuaber of neighbouring values considered and on the size
of the interval between sﬁccessive pdints; Thus to increase the
accuracy of the methéd one nay either use a more accuraté formula,
which will involve a larger nunber of preceding values of the
~dependent variable, or decrease the size of the interval. However,
:) ' docreasing the interval incfeases the nunber of times a substitution
into thé differontial equation has to be nade and, if this
substitution is complicated, it nay be advantageous to achieve the
desircd accuracy by using a nore accurate formla. , -

Ip stop-by-step methods it is particularly necessary to guard -
'against.errors of calculation as an error intfoduced at any stage will
be corricd forward throughout the’remﬁin@pr of: the integration. The

:; nothod described below, due to Milne, should if used correctly
discover any error in computation when nade and the value at that

- = point may be recomputed. There are many other methods of similar

‘A

type which may be found by reference to books on numerical analysis
Equations of the First Order. “
. Consider the equation

v v' = £(x,y) ¥ =Y. X =X

where y denotes the dependent variable, x the independgnt variable,

3 ‘and -a dash denotes differentiation with respect to x. The equation

¢ is beiné solved at a set of points X , X;, seesy Xpy eves where
o Xn+i =X, + h, and suppose that the values yl...,yn have been

éomputed B

Then the method consists of three steps;

1) A "predictor!" formula which uSes'values of Ypo Ypa1 ooee to

extrapolatc to an approximate value of Yol
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2) Substitution of this approximation into tho differcntial
equation to obtain yn+l = (X419 Ypep) .
3) A "corrector" formula to give a more accurate value of y .,
which is assumed to be corrent,

The method is then applied to obtain y, ., and the Process
continucd.

Thus, for oxample the formulae,

(a) Yn+1™ Yn-3 + 131’1 (2}’;1 - yr'l-l + QY;I_,Q) + 98 h5 $5) .
' | (1).
(b) YH+1= Yn_l + 'g (yl;.;.l + ’+.Vl; + y;l"l) - 9;]'-0 hsy(S)

may be used, (a) as a predictor, and (b) as a corrector.

A chéck on any errors which may occur may be made by adding a
fourth step to the throé already stated. The terms at the end of
each eqﬁationvare estimates of the error involved in each, and the
orror in (a) is twenty eight tiies that in (b) and of opposite sign,
if we assume that the fifth derivatives are the same, If E. is the
error in (b) and the values of y,,; obtained by (a) and (b) are
subtracted then the differonce is of the order of 29E. . This can
provide & running check on the integration thus: this difference
may be tasted and so ascertain whether E has become too large. If so
tho interval must be shortened and with (a) and (b), .cutting the
intcrval by half will divmde the error by about 32. If any error in
computation has occurcd this difference will most ‘probably be larve
and tre computation for that point may be carrled out again, If the
difference is consistently large it may be assumed that the accuracy
of the cquation is less than reduired and the interval shortencd.

This method, and any other method which uses preceding values
of the dependent variable, suffers from the disadvantage of
requiring a special starting technique. Equation (a)tdeﬁends on
four previous valucs and so the method cannot be applied until
have been obtained by some other .method (e.g., & Taylofs

Yls Y2a Y3
Serices). This characteristic of the method which may not be

important in hand computing, bccomes a serious drawback when the
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method is appliecd by an automatic machine., A great deal of time is
also taken up'by shifting operations since, after the value of‘yn has
been computed, in order to apply tho éame set of instructions to
caleulate ¥ 419 Ypo1 must be replaced by ¥y, ¥u.» by ¥,.1s and so o
There is however the method of solution developed by Kutta which
doecs not involvé previous values of y, and so does not suffer from
either of thesc disadvantages. It may be used as the starting
routine, or may be used as the main method throughout. If the value
of y =y, 1s known at x = X then to obtéin the value of ¥y = y0+43y

at x3 = X+ h the formulae in the well known Runge-Kutta form are

ki = hf(x ,v,)

ko = hf(x + gh, Vo * % kl)

k3=hf(xo+%h,yo+%k2 e N ¢3)
| Ky, = hi(x, + h, ¥, +k3)

1
Ay =g (kg + 2k

5 + 2k3 + kh)

The truncation error associated withﬁthese fofmulae is of order h .

There is a modification of -this method, due to Gill, which has
the advantage of needing less storage space. In;this form the
formulac becone | P |

k, = hflx,, ¥,)

|

- k, = hilxy + %h, v, + 3k)
k3 = hf(x + 2h, Vo * 5-@ +\/%( kl + l- v tk2 (3)
= hf(x +h, ¥, - /é‘ k, + \1 - /% k3
4y =3 ]k +(2-/2)k +(2+v2)k 41:1,"

Ontaining A4Y, yl is thus known and the equations may be applied
to obtain Yo fromryl, in a similar manner. This method however has
the disadvantages that there is no obvious method of checking
whether errors in conputdtion have occured, and that for each step
four substitutions into’ the differontial equation have to be made, a
. serious fault if the differential eguation is complicated.

For an estimate of the error associated with (3) reference

should be made to tho paper by Gill.
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Equations of Higher Ordor.

If all the boundary conditions of an equation, of order higher

than the firsﬁ, are specified at one noint then the equation may be
reduced to a set.of simultaneous first order equations and either
method given for a first order equation may'be easily,modified for
sclving them. For example an equation of the second order

y' = 0x, v, ¥ ¥y =y, ¥ = Vo1 ¥ = %,
may be put into the form

X
o!? o}

1}
»

''= 2 = z =z
y y Yo’

f(x, v, 2)

Zl
and a solution found to the two simultaneous first order equations.

Dynamlcal Equations.

Many differential equations of mathematlcal physics are of the
second order with the flrst derivative not appearing explicitly.
There are direct methqu of solving these which are less laborious
than.breaking them down to simultancous first order ocquotisns,.

Let the equation be y" = f(x, y)

Most methods are based on the central difference formula,

i%h~hzﬁ‘+f§<f-+io f2 00 W
Ignoring ;he term in ?“fn this formula, in terms of ordinates
gives .,
Vpe1 T W - Vpa ? ?2'(y; 1" 10y * yn 1) ;i ( ) 5(3)

and this formula is given by Milne as a "corrector" together with a

"predictor® és follows. | -
' h 1 " it 6 (6
= - - +17 )
Yo#1 = Yn ¥ pe2 T Va3 Tk Gy, * &py * 5 ) i

5{b)

5(a) may be used as both "predictor" and "corrector" by making a

dircct estlmate of y

n+l from a difference table in order to predict

a valuc of Va1,

The Gauss—Jackson method uses (&) in the form.

RS G MR S R TI) (1)

where ¢ fn is known as the "second sum' of fn. This*is used to
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predict Yy by estimating fn’ and then also used as a corrector.

A method due to Herrick is similar to the Gauss-Jackson in that
it uses the second sum procedure but it is based on backward differ-
ences instcad of central differences. Thus no predictor is needed
and tho integration advances by the application of a formula once

only. The backward difference formula is as follows:

2
y, = h2 ‘ £+ | | %)
19 2 18 3 1726 % 1650 5 _
12$fn 1 * 5Ty g 20 “Tpop T 20° n-S * 2016 *Th.3 * 2016 an_g-w,'

e

This may be expressed in terms of function values in a set of formulae

(6(m)) where (m) includes the effect of clp

yn = B %+ﬁ%1 | BN (10
yo=b2 2+ S -1 ) C(61))
n -1 n-2
2 p2 2 ‘ |
vy, = h f + é"‘ (59fn 1-58f o ¥ len_s) (6(2))
~2
Yp = e & £+ éi" (77£,_-1128, o + 73, 5-18f, ) (6(3))

L] . L] . . L] L] L . * L L] L] . [ . . L [ L . L] . . L Ld

There is however, with this method, no direct check on errors in
computation and so is not to be recommended unless a check can be kept
in some other way.

Jury Probloms.

If the problem has closcd boundaries and the boundary values

‘arc divided among them, the method of solving‘a set of simultaneous
first order eduations will not apply directly. If however the
equation, which is of nth order say, is linear a solution may be
obtainod by solving the eduation n times with difforing boundary
values all specificd at one point and combining the solutions
linearly to satisfy all the given conditions. For example, 1f the
equation is of second order and the boundary conditions are y =

at x =a, y =/ at x = b, two solutions Yy, Y, satiéfying ¥, (a) =
Yi(a) =1: Y,(a) = ¥, Yé(a) =0 |

and can be combined thus
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p ¥, (b) +q %, (b)
with p + ¢ = 1

i

A

to ylcld a solution satisfying the roquired conditions.

IT the equation is non-lingar this method will not give a
solution. However it can bc used on the cxample just considered by
solving for wvarious Yl and thus. straddling the condition at x = b,
By interpolation, a solution can be obtained which satisfies
conditions at both points.,

Iterat@ve me@@q@g.

A finite difference equation may be obtained from the differen-
tial equation and an approximate solution found satisfying the
boundary conditions but not the equation., By applying the difference
equation to this solution a better approximafion is obtained and by
continuihg the process the approximations will converge to the
required solution. However, unless care is taken in the construction
of the difference equations, the process will most »robably converge
extremely slowly. It is proferable to use as lgrge an interyal as
possible, using a finite difference equation which involves a larger
nunber of neighbouring points. This reduces’the number of simultan=-
cous equations to be solved, and thus the possibility of ill-condit-
ioning of the equations. The "difference correction" technique of
Fox and Goodwin may be used, wherc an apprbximate solution is first
obtained to a finite difference equation which ignores the correction
term, and using this solution to calculate the correction. Tha full
equation of finite difference terms plus correction term is then used
and a solution to this is found. The corroction terms is recomputed
and the process continued until no change occurs in two successive
corrections. |

Thus for example the equation

| y" = f£(x,y)
may be approximated by a finite difference equation .
y * Vg -, - £(xgy,7,) + H = 0
1 oW 1 .6

-n. Y At { - -~ N \i‘-“ " s e e
where the correction term 2O 12 70 ¥ o .

90 -
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The first solution is obtained by solving

+ - - o= 2
Y1 Y_l yo fo 0 at each point

' (1)
from this & is calculated and the equation to be solved is then

L)
+ -2 - - =
¥y Ay;l yO fo + | 0

. (2) ' |
From this A '’ may be obtained and the process contin ed until

+
A(n) = 1 (n+1) to the required accuracy.

Organisation of the Method of Solution.

When solving differential equations on an automatic calculator,
it must be remembered that ovmerations which seem trivial to a human
computer, may assume considerable importance when the method is
applied by a machine. An cxample of this 1s the shifting operations
nocessary when using a method involving vrcceding funétion values.

For the purpose of 1llustration, we may consider the Gill-Kutta

method of solution of the set of equations
Zii £,(X,¥7q «ee ¥y) 1 =1 2... 0
for which a programme is already in the library of routines. In order
to be as general as nossible this only advances the integration of
the cquations by one Step ecach time it is called in and needs a
sub-routine to compute the fi's. Thus a main routihe is needed to
call in the integrating routine, keep account of the number of steps
alrcady integrated and finally %o print the results.

Glll—Kutta routlne

This routlne when called in as a sub—routine renlaces the

vy (x,) by the yi(xr + h) in accordance with equations (3) which may

be written as follows:

R = 2m . . oo.o
k;’f( h £, (% s L IPIETR )
= A (k. _. - - Bq. = =0, 1, 2
I'i’i“_ +1 A (kg X qi’x ) B;gi,-::: | y 1y 25, 3
= = 2 ) .

(o]
1
Q
+
(T
H

= . - + 2Bk,
1,00 +1 14 i,00+1 o+ 29) 1y X
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11
it

yi(xr) X =X

= yi(xr +.h),

~
[EX
r
il

The constants A, and B, are given by the following table

x’ A x B.x B O

0 5 0

Lol -4 o

> |1 +./% 0

1 1

3 6 &
If the independent variable appears explicitly in the fi's'it may be
obtained either by integrating x' = 1, or by adding h/2 to its
value at every other stage i.e., at# = 1 and-x = 3, At the end ~

of the step y4 Rn are the new values of the dependent varlables and
these are stored in n long llnes beginning at /%. The 9 h become

the qi, for. the next step and n long lines beginning at /R are needed
to store them. These lines should be cleared at the beginning of the
range of 1ntegratlon. |

_ The aux1liary routine needed to calculate the quantltles

ky = ol hf is stored with its first page on the rlght half of the
track holdincr the Gill-Kutta routine., It should begin at /@ and the
full track should be broucht down when the Gill-Kutta routine is
enuercd. The aux1liary routine may then be entered by a control
transfer instcad of the routlne changing sequence, The factor ol is
chosen so that the ki's are as large as possible without any being
larger than 238 and the routine'stores the ki‘s in'n long"lines
beginning at /N, o o

Referonces.

(1) Milne. W.E. DNumerical Calculus (Princeton University_Press)

(2) Gill. S. Proc. Camb. Phil. Soc. 47 (1951) 96.
(3) Horrick. S. H.T.A.C. § (1951) 61.
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Gill-Kutta Routinc.

Entry from

master >{/ 1//7/
routine T 11BY/ / PO set count (%)
Auxiliary ~p,@i. / /P :
routine ~1A|[CEQO set count (i)
T 3£ ET : = '
1SIB 2 PG} i .
ITi1A :/ 0 1| ’
1UI0 E T K!%sct PE =g ; Test for fourth stage
5P E T Allat fourth stage|
Dlp s P g k =
R/ N Q %l add 2% y! | this cycle
!Ji/ R Q@ N| subtract 2m0 : éof instr. is
;gig % ; % store 2m(hy' - q) ,obeﬁed for
- ' . eac
lcloEI N ' dependent
EKQO EIN: %va?iable
Tt/ R U Ky form r. !
1ZiPE/ D! !
L'I 8 TI! :
WVEK/A: '
‘HIV K/ K ‘
Y|HE / N _
‘PIM K/ Al store r.
Q!/ 4 Q %] add previous y
OMK ™Cl add r
1B}/ & Q Ai plant new y
‘GiM K T K! =
MIM K T Cl |
MMKTA ;
XM K /K | .
iViL E/ N : Form new values
if;D/ /I of 2
/1/ RUJT|. q
L/ N UK
@10 B I é
A0 B I 2
iszE/—?g
ISIP E/ 7, - i
iI1/ R U A plant new oy 3
UIA 2 Q G 1. Tcst for last Variable
isle / /T o !
To iDIA ¢+ PG Test for end of stev
suxiliary:--'Ris / / T ;*
' JTET/! =
NV S TA, Plant link to return
To master— |FIN S/ P to master routine
routine C 2n -2
% :
T\ Link to reenter Preset beforc entering
Z . ‘lmaln routine; routine and may be set
L " m | only once.
W 2 |
H 1Y S 40-m '
Y JE J
P'
Q| ]
O YRYR il
BYRY@:.IQ. constants -
3 : I 39}
i T-
e o
vi// /7 /]
£:///‘32‘§J%I |




7.10

(1). [P E} 1ls gero in stages 1, 2, and 3 but is set =-%- during
stage 4. | A

(2) Ifm = 0 then {H (}29 is replaced by VK/J//T£

(3) Auxiliary routinc begins at / @.

E(1+) For use with Schoime B; the content of lines J E and N E should

be / / T £. The routine is called in as a sub=routine of the mastor

routine,
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B/RUNGE~KUTTA

Purpose.

This is a variation of the GILL-KUTTA routine described in the
previous pages. It is intended for input with Scheme B. The new
feature is the introduction of a set of 7 preset parameters (20
digit lines). These are

(2n-2)//, n being the number of equations

j)//, j being the address (in PERM) of

(k)//, k being the address of 2+0-m

(h)//, h being the control number for entering the

auxiliary sequence '

(a)//, a being the address of the lst of the y;

(b)//, b being the address of the 1lst of the g

(c)//, c being the address of the 1lst of the eéhf.
These parameters must be standing in lines BU to £U inclusive ;hen
B/RUNGEfKUTTA is read from the tape. This is most conveniently
achieved by preceeding B/RUNGE-KUTITA on the tape with a sequence of
the form KBUU..,etc.; The routine tape makes use of an interlude
.(See p.7.12) to select and insert these parameters into the
appropriate instructions of the.routineAitself before this (which
is standing in Sk) is transferred to the magnetic store by a
destination sequence;: | |
Notes.

1, Cue is ££...../'

2, This version is self-resetting, that is , it does not have
to be tranéferred from the magnetic sto;e to SO every time it is
called in, It can be used as an electronic routine. |

3« From the.auxiliary-sequence the routine is reentered at
line :/ by torminating the sequence with ///P (line // contains
A/T:) '

W, Ifm = O then DS may be used for the address of 270~% with-

out any loss of accuracy.

5. No lines outside S® other than Bé and B7 are altered.
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B/RUNGE-KUTTA (skelcton routine)

E.

H B B S0 B o B AN b oo fw m@m= & N
O AAHENN DN AN T/MMNMmHMMMYYIRBY//
m///EEEE/ s e\ W /aWWw&w@w@RRlEKV//
KRV/OOPPVA/ASNIVSSSW 2% b e D ONN

/E@A:SIUéDRJNFCKTZLWHYPQOBG MXV£
:AOP% GOKAG@WAKNNTDIAKHAQCMKCAKH
TTP/QTP/TTPDDT/IIB/T////DTDTTT//
%7EE/E/.:EES//EEEE/ESEE/E/E/EEEE/
WAPFSCVEAOPD(VHHOOVPIHHVLVLVLLLLV

N o
42 9 32 4+ W
o a @ @ S oo -
o} e X %) ] X e X V¢ v /@A
.mmmmmBOGBOGBOGBOGBOGBOGBP///////
leledadedadeledadadedecdadadadadedaicdadadadaday nw/y//////
B e A a b A A BRI A A BAe ) L L o
D oob SnEENNEREEPDD R Q@@= NN
NAE@<g  cnNHDNAMHLEROMEBNAE HYPQOBG\TXVﬂ
howmoomomooMm
H OuOuQOuOuQOuanQuQ
B4 D DN D O -
Moz MAMOKNOO’
T.: ) : B ] [ T ) .l *

(b)UJ
(b)ua
(e)Q
(e)UK
mmm

(3)/N
(x)/N
(2n-1)
(a)Q%

NE) 4 FE N <N
O - [¢) ()] (0]
w 7] 1] n

The punching proper of the interlude is terminated by the

" ‘meaningful sequence THI which transfers control to YI,the first

"instruction of the interlude.

The last instruetion‘of the interlude

The skeletdn

N @/ P, returns control to the B,INPUT routine.

instructions which are modified are enclosed by brackets.
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B/QUADRATURE/A

Purpose QuadratureA ' Cue £heees @
Magnetic Storage . Variable . Electronic Storage Sl
Effects

i Ny x+ " - x+ 4

{L'}+',= jf = F(t) dt or ) F (t) dt, where

= 1] =11 = ‘M| - = M|
) X-_l_- - !.L,‘._;:; y X4 % !.Liﬂ: ' Yy T Z_M.It} y Y, T LM.i-i-; y and x> y.

An auxiliary sub-roﬁtine for calcﬁlating f(t) has to be precpared by
the user. This should havc the effect '
LY . £,
Paramoters
. Thero arc two preset parameters which must be placed in lines
3 TU and ZU before B/QUAD./A is read from the %ape. Thus

KTU@(h)//
(2u)//,

where 2n 1is the DIRECTORY number of the auxiliary sub-routine, and
h defines the first of 13 consecutive (short) lines which are
nceded aos working space by B/QUAD./A. (h should be an even numbered
A , location). ,
Accuracy.
= Round~off error: 38, (L-M) 2~36
| bias: the result is in defect by about 6,270
truncation error: zero for polynomials ofidegree less than 26,

(700 + 13T) ms,, where T is the time of Operatlon of the
auxiliary routine. ;

Method

. The routine makes use of Gauss' 13 point formula., See
Bulletin Amer. Math, Soc., 48, 10, pp.739-743 (Oct., 1942)
huthor A.E.G. 18/11/52,




Chapter 8.
Fault Diagnosis in Programmes.
(With narticulr roufur.ac. to Schum. B).

This chanter is concerned with the »roblem of finding mistakes
in orogramnes. The incidence of such mistakes and the difficulty of
locating them are serious.obstacles to the efficient use ol the'machine
Moreo?er experience with“machines has shown that the occurence of
mistakes is not a temporary evil due to lack of exnerience but one
likely to remain as long as programmes are drawn up by human users;
that, whilst a lot of mistakes can bo avoided by reasorable care and
attention, there frequently remain mistokes which could only havs
been detected in the early stages by prolonged and laborious study.

The incidence of mistakes varies a lot with the tywne of
programme; a comnllcated routine concerned almost entirsly with
logical operations, e.g., an internri¢tive routine, will probably
contain a higher}proportion of mistakes than a routine of the samec
size which is coincerned malnly with straightforiz.rd arithmetical
oncrations.

| Hithertoo the main method for locating programme mistakes has
been "peeping', This is a derogatory term for the Tollowing
procedure. Scated at the console and with the aid of the single
prepulse key the mathematician works through his »rogramame, or a
.section of it, instruction by instruction observing from the monitors
the behaviour of certain storagc locations. This procedure is |
regardsd unfavourably because the machine normally obeys instructions
~at thoe rate of abput 850 ner scc and whilst "peeping" this is reduced
to (say) 1 every few seconds - an extravagentkwaste of machine time.
In ref. 1, which deals with tho subject of fault diagnosis with
particular roference to the EZDSAC, the author goes further and remarks
"All these facts make the nrocess extrocly inefficicnt one for the
checking 6f prbgrammes“. This statcment necds to be gualified -
slightly bofore it can be annlicd to the Manchester 1K II machine.

The facts referrced to aré not a1l characteristic of this machine

and in addition the facilitics on tho consols of the Manchester
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machine enablec one to correct errors on the spot so that a routine can
usually be made to work at one sitting nrovided the orrors are "slips"
rather than cerrors of design. Turthermore the effects of programme
errors arc likely to be confused with those of faulty magnetic
transfers: both can be consistent * » However we are in agreemcnt
with the vicws and conclusions set forth in ref. 1, and it is vproposed
to climinate "peeping" as far as possible: Although we recognise that
there are occasions when the console facilities are the appropriate
means for fault diagnosis and correction, |
* The fact that the track(s) in question have becn passcd as
satisfactory is not sufficicnt evidonce of their reliability:
.malfunctioning may be characteristic of the pattern of O's and 1's
which arc stored on it, i.c., characteristic of the programme., This
is probably the main causc of “programme sensitivéness" which has been
a featurc in the 1lifc of the machine,
Refe 1 describcs a method by which the¢ machine = onerating at a

spced limited mainly by the teleoprinter - can be utilised to 6rint out
the information neccssary for fault diagnosis. The basic idea is to
use an interprctive routinc which, trecating the routine under test as
a slavo routine, simulates the behaviour of the machine and prints
out useful information as it nrocceds. |

There are two principle forms which this idea.can take

1. Ianstruction Sequence Check.

In this scheme the interpretive routine is arranged so that, ag
each instruction is 'obeyed', a symbol is vrinted which identifics
that.instruction. The aggrogate of symbols thus forms a printed
rceccord of the course of the routiné which can be torn off, taken'away,
and studicd at leisure. Such a record is extremely useful when
testing any routine for the first time, | |

The need for a checking routine of this kind has now becn
climinated becouse, at the time of writing, a modification which
" ¢nablcs this information to be printed automatically is being
incornorated into the MK II machine. It takes the following form.

AN

A switch on the console cnables tho operator to change from the
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normal mode of overation to an instruction checking mode in which the
Lth character (i.c., the five most significant digits) of each actual
instruction is printed and/or punched immediatcly after it has been
obeyed. If the nrinter is uscd then the operator must provide
carriage return, line feed, and, if necessary, letter shift manually.
The last may be nocessary if the routine under test calls for a
figure shift. Symbols that would normally be printed by the routine
under test will be interspersed with the main »nrinting, If the »uach
only is udod, then it is nossible to »nrint the resulting lcngth of
tane on a printer which provides an automatic carriage return and line
foed after every 32 symbols,

2. Numerical Check. (Scheme B).

This scheme i1s used when the routine is going through the motions
more or loss correcctly, and it is required to check the numerical
value of the numbeor in the accumulator at preassigned points in the
routine., A checking routine - NUMBZRCHECK - based on thesc¢ idoas is
available. Tﬁe details are as follows. The vprogramme is first
rearranged so that it does not require to use S3 exéept for the list of
links which are normally kcpt there. This means that'any of .the time
economy measures described on pdge 4,12, which make use of S3 must
bé dispensed with., Next the cues of the routine which it is desired
to check arc marked by inserting a 1 in digit position 15 of the
magnetic half of the cue., Then tho particular instructions at which,
before'beingv'obeyed', it is required to know the value of the
accumulator, are marked with a 1 in the spare digit vposition 13,

The programme is then run with a spccial two page PERM - part of
NUMEZRCHECK - in 82, S3, Provision is made for the list of links to
extend.% deep (j = %) which should be amplec for most purposes. The
programme opnerates in the usual wey until a routine with a marked cue
is cncountered. In this case control is'transferrod not to the routine
but to an internrctive checking scquence which causes’ the routine to
operate as it waa;d normally - with certain restrictions listed below
- and in addition causcs the contenﬁ of both halves of the accumulator

to be printcd each time that a markod instruction is encountercd and
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before 'obeying' that instruction,

The properties and restri ons of NUMBERC! .CK are:

1. The more significant. £ of the acct wlator is nrinted on
the + fractional convention fo wed by, a iparated by a space, the
lesser significant half printe n the + - nnal convention. ‘A
carriage rcturn and’liné Teced qrs beforc pair of numbers is
I ' ‘ ~srther 1ino fr ars o rer of control
i ~uler test,

 checking i t@ionﬁ 3 appear to fail,
S0 B check facs: on t’ anch. |
sne of the dig. 3 16, ., . wr 19 of a magnetic
h- - not zero n that cue will be treated as a
4SCK will to.interpretlcorrectly, or fail
;ne follov circumstances:
77 instruc ‘nurs in the routine under test;
address presunptive instruction'lies between
~ive, exce he case of the instructions NS/P,

G’S/I’ b guds

4

which cau -+ routine changing sequence to be

onterced in the usual wa- ¢ ..tional entries to the routine

changing sequence, c.g /H, will also have disastrous effects;
and

(¢) 1If the last 6 - ts of the presumntive instruction differ
from thosc of the actu struction and eithor (i) the actual
instruction would causc . ' nsfer of control. or, (ii) the presumptive
instruetion is one of the ucnce /T, /2, veey /£

It is to be honed t “~sg exceptions will not prove too

restrictivo‘in practise.

The routine NUMBERC .s 4 pages. Pages 1 and 2 which rcplacu
the usual PERM, arc intended to be stored on magnetic track 98, and
pages 3 and 4 on track 99. The tape for NUMBERGHECK, if read by
INPUT, does this autom2tically and éan be copied on the head of the
programme tape in place of the usual PIRM sctting sooucnces. The

rest of the programmc tape takes the usual form, .
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The mechanisn of NUMBERCHECK.

The foregoing degcription of NUMBERCHECK should be sufficient to
enable the routine to Be used. In this section the mechanism of the
interpretive sequence is explained.

An interpretive routine which would accurately simulate every
feature of the machine's possible behaviour would oxtend to several
hundred instructiors. Fortunately however ificortain conventions
have been followed in the coding of the routine under test, then the
necessary instructions can be contained on a single page (83). A
number of auxiliary constants and a printing routine are also necded
however. - These together with a modified form of the usual S2 PERM
bring the total amount of material involved to 4 pages. Of thesec
‘only onec, tho'intorpretivc scquence in S3, 1s strictly permancent
information, the other being brought down to S2 when necded. The
aetails of thesc pages are given below. The general principles are
as follows. | |

The complexities that would be involved-in simulating ﬁhe B=sign
flip-flop arc avoided by not using any B tube instructibns. For a
similar reason the D register is not used excent in the nrinting
routine, Thus all the necessary overations must be confined to the
accumulator .and the informafion which would normaily be contained in
the accumulator is storod in linc pairs #I and RI. Before each
instruction is actually obeyed the accumulator is roasscmbled and
afterwards'réturnod to these locations.

The ‘control!, i.o., the task of selecting the current
instruction, is the major part of the routine and entails sorting out
those instructions likely to cause a transfer of control; for if theag;
instructions were actually obeyed they might direct control to the
original routine and the intervretive sequence would ceasa to operate.
The task is simplified if we assume that in the case of such
instructionsthe function digits of the presumptive and actual
instructions are identical., This means that it is only nccessary to
test for the presunptive instructions /T, /H, /P, /Q, /0, and /i, If

Wwe are prepared to ignore the possibility of a /Z instruction, then
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the task is further simplified by the fact that the instructions /T
to /£ inclusive are all either transfers of control or addressless
(the significance df this will be reveéied below), The 1nstru§tions
in this group are easily recogonised becauoe they are negative and
digit 1% is a O, With in this group it is necessary to d1551nwulsh
the relative from the direct transfers of control and to recognhise
the particular instructions NS/P, QS/P, and GS/P, which occur when
changing roﬁtineé; these last are acfually obeyed as they stand., The
addresses of the direct and relative control transfer instructions
are modified so that if, when thoy are obejed a transfer of control
takes place, then it will not be to the origlnal programme but to one
of two points within the 1ntcrprct1v0 sequence which is so arrangod
that the address of the selection instruction is modified
appropriately. _ | |
Before being obeyed cach (prcsumptlve) 1nstructlon is testcd
for the marking digit. If the instruction is marked, thon the
printing routine (page 4+) is brought down to 52 and éntered. The
properties of the printing routine have already becn described. The
only feature of intcrest perhaps is the temporary storage of the
céntont of the D register (lines CS to BS) so that this register can
“be used-in the nrinting sequcncé. When this soquencc has fihished
its task the D reglstcr is rcasscmbled and control returncd to the
1nturprct1vo routine in a way which causes page 3 -~ the constants =
to be restored to S2. |
To summarise NUMBERCHECK involves 4 pages of ‘material of which
only 2 - page 2 and 1 other = ars held in the electronlc storcs 52
and 82 at any stage. | |
Page 1 (98L, 82). This page is identical with the normal S2
""" PERM cxcopt that the last instruction (VSEP) is changed to VS/P.
This enablcs the routine changing scquence to be extendéd to 83,
Page 1 occupics S2 when thce checking routine is non-pperative.
Page 2 (98R, S3). This page contains the interpretive sequence
which testsfor marked cues. #sHpace for tho list- of links to extend

4 deep is provided. Page 2 occup¢es 83 for the duration of the
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programme,

Page 3 (99L, 82).‘ Lines /: to JS inclusive of this page and
page 1 are identical. The remaining lines of this page are constants
used by the interpretive sequence, Page 3Vis brought down to S2 after
a marked cuc has been encountercd.

Page 4+ (99R, S2). This page contains the printihg routine, It
is temporarily brought down to Sé when a marked instruction is
chcountered.

If these pages aré stored in their allocated tracks, then the
cfféct of the final scquence on the programme tape 1s to bring down
the contents of the PERM track (pages 1 and 2) to S2 and S3 and.to
start the programme in the usual way;

1

&
oQ
o
&
o
o}
w

[

R e S N N RNV P N O RN o

S ]

0

5] |

HE
0
N~

N.B., lines /:
to JS inecl.
are identical
with those of
pago l .

QWOOUKIMEHNRKR QA Z G OO H U e @ BN

RQLUOOYRIINEHNHEROQEZEYQ Dok H e EEN
ULHNDHND LM e oo TR TN HNONONONONONNNN

NONE N E A B CONEO NO M qg NNO NN NN NN N NN

-

-
-
-

TWee QHUQE e HFIN QD OO0 QNEN I NH NN\ N\

PN N O NUON\NE N
AHNDONHYHHHNNO N\
NNNNH A D NN NONNNH R
NAONNONNUAHENXHMH..

N N N N N N N N N SN N N SN O N O N O S UONONONONONON O OS ON S O N NN N
Hh<aH=

H<ax=
<SUMHE<<HENNTHON<INE SN N =\mw\\\\\\\\\

N AN SR N = N N N e e A Y L RSN

R R N N RN U T N I e N N NG NG N N NN N NG

U e

Ref.l. Gill, S, The diagnosis_of mistakes in programmes on the
. > 7" IDSAC, Proc. Roy. Soc., 4, 206, 538-554 (1951).
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Page 2.
L}/ ) LY
Iy
@
A space reserved for
\possible list of
: 111nks -
S
I S
U J : \
'%' MeSe
D accumulator S S—
R €.S., i
’ |
—3|Njg + Q0 B
FI£ S5 2Z1L test for marked
cue
—|CIVSE T
KvsSzT }"et initial address
T V I Q B Of .:ulOf bjﬂn j"'StI‘ ’
\
ZIMVWZ J
LIHTI/ #| page 3 to S2
WIiR U/ P| store accumulator
H h A/ s >
' these instr: arc
—YY|WUT:|)obeyed in the casg of
a relative transfer
PIVITA of control '
—QlZ I/ line feced’
ol/ / T/
BIVITI )
GIE : TC -
o add 1 to address af
"IMS TR solection instr.
s I
X{VITA
vi// T/ | s.lecction instr. A
_£ RSTR Vel
———4——-relative transfer of control-«

et dircect transfer of control—&--

= N

= )R Q HA

= N

moa N =

XS TTI
plant current
GU/ S instruction
BS TR .
S test if digit
£:TN 14 15 a 1 .
YI/H
YSTTI plant a selection
instruction in
0I/ S case of a transfer
of control
MSTRI|)
WSTN
A : / M| }test for NS/P
0 »
D:TC 1S/ P and Gs/Pp
£ 5/ H|)
BUT% | |
, test for transfers
YI/H o control /L,/G
1
73 7R /W,/Z znd /7.
MUTN| rtest for relative
s/ M transfers
/ ¢ T C|YManufactive
special address
QS8TC forttrangfer
BUTA instructions
BUT/l
est for marked
G ¢+ T R| |\ ynstruction
G :TN j
VU/H
RIT/ reasscnble
é 1/ 7 accumulator
v /7 /) currunt instr
RI/U }
n restore
z I / U accunulator
10U/ P
case of N3/P,
NS/ }OS/P and GS/P.
Y1/ P
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8.9
Page L.

figure shift E

—n

test sign of m.s., half
of accumulator. Print
"ol if «ve; otherwise
space .

space

set number for
printing

»digit cyclo

b examine digit layout

constant

leave printing sequchce

nrcpare to nrint E,s.
half of accumulator
separated by 2

spaces '

digit layout
constant

-

/ R/

)

[ 92}

O g K s N R O 9" 2 949 " g e g

L & O

/7 7/
// /&
E///
/7 7/
// L/

}lo.

carriage return

store content of
D register

figure shift
carriage return

line feed

switch to printing
sequence

}reassomble D
rcgister

rcassemble
y accumulator & plant
currcnt instruction

currcent instruction

return to interpret-
ive scquence.




Chantor 9.
Mcasuros Agajinst Machine Breakdown.

Warning

It should be élearly undersfood that the machine is liable to
carry out certain onerations incorrectly. This malfunctioning can be
either chronic or transient. Whilst everthing 1s being done on the
ehgineering side to eliminate these undesiraple features, nevertheless
in the meantime programmecrs arce obliged to.minimisd the offects of
machine errors by dcvices in the programme.

Natura of faults.

Every part of the machine is of course liable to function
incorrectly but in tho casc of manyluﬁits, e.g., the power supplics,
the offects of malfunctioning are usually obvious at once. Whon a
chronic fault is dctected, then the maintonance engineer should be
informed immcdiately.

It is the offcect of faults - particularly transicnt faults -~ in
the units concerned with the nrocessing and transfer of information
‘that are liablc to pass unnoticed. For this reason chocks of some

Xkind, prefcrably overall mathematical checks, should be incorporatod
in thé programmoc, ‘

A further kind of fault consists of thc appcarance of spurious
digits in one or more of the electronic stores. This is referred to
as "clodding". The uffucts of ~ foult of this lind -~ narticularly
when th.y conc.rn thu D-tubo - arc not usually confincd to nwacrical
orrors but enh ense the programme to broakdown,

The most common fault of a transicnt natufo are thosc of faulty
magnotic transfers. If thce transfer refers to numerical information,
then only a mathomatical check will detect it. If a routine is
transforred incorrectly, then the nrogramme will probably breakdown.,
The detcetion of faulty magnetlc transfers has received a. great deal

of attention and is discussed bolow in a separate saction,

Error detection.and precautions

Onc technique for detecting and minimising the cffccts of machine
fault is the following.
' e calculation is broken down into steps and the progromme

arranged so that o decision as to whether cach step has or has not
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been carricd out correcctly can be taken by an operator after the
inspeetion of information printed at the cnd of cach step (this
information should be kept to a minimum)j; and that, if noceésary, the
calculation can be restarted at the beginning of that step with the
minimum of trouble, c¢.g., by simply operating K.E.C. (sec appendix).

All the steps'should bo of approximately the -same length so that,
if the programme breaks down, then the omerator will be informed by
the failure of the regular printing interruption. It is this last
possibility =~ usually'tho result of a clod - which prevents the
decision being left to the machipe itself.

Each step should be so arranged'thaﬁ reliance on the correct
operation of the clectronic stores for periods exceeding 2 mins.
should be avoided.,

' A programme recently coded in this Laboratory for the solution
of a cortain partial differential equation provides an example of the
foregoing suggestions. The problem involved the solution by iteration
of a set of simultancous equations associated with a mesh of points.
Each sweep of the mesh occupied 1 min. 35 sec., At the end of each
sweep the sum of the squares of the résiduals (E) was printed and the
new a?p?pximation troansferred to the magnetic store. The iterative
process was such that E should take progressively smaller values.
Thus if, at any stage, a relatively large value of E is printed, then
the operator would repcat the last step meroly by the operation of
K.E.C.

The rcliability of the magnetic store.

Experience with the magnetic wheel has shown that certain,
apparently random, patterns of O's and 1's are not transferred correct
1y but losc or gain one or morc digits. This applies both to reading
and writing transfers. Little can be done about this phenomenon and
it is accepted that 40% of all tracks have failed in this way at some
time in their history. |

If a track has bchaved successfully with a given routine, i.e.,
tho vattern of O's and 1l's corresponding to the routine is not

critical for the track, then it is usually safe to use the same track
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to store the routine on subsequcnt occasions.

On the othef hand it is unwise to store numerical results, or
other unknown patterns, on any but the recommended tracks particularly
if it is not intended to use a device in the programme (scc below)
to detect faulty transfers ‘

In view of those statements users are advised to arrange their
programmes so that they are not tied to any fixed tracks, that 1s to
sey, he should think in tcrms of entries in a dircctory, a list of
working tracks which can -be varioed either by himself or by the machine
in accordance with the current state of the wheel, The half cue
directory of schene A and the cue directbry of scheme B provide
examples of this tcchnique. | |

Track tosting techniques

The list of recommended tracks has grown as a result of experien-
ce gained with various track festing routines, These opcrate by
. writing a pattern on to the suspecﬁed~track and then compnring, in
some way, the ‘pattern on the track with the pattern in the electronic
store. Somc tests use a pattern of random numbers; others use special
patterns surmised for engineering reasons tovbe‘a'stfingent test of
the stonnge properﬁies of the track, 'The eompnrison can be effected
cither by mecans of the magnetic write check operation, or by transfer-
ring the pattern on the track to a part of ﬁhe eiectronic store, other
than that occupicd by the original pattern, and then comparing the
two patterns in the elcctronic store. | |

The dotcetion of faulty magnetic transfers.

The timés of the various magnetic operations are stated herc for
reference;
Magnetic write 90 millisceconds.
l? 1] reo.d A 35 " .
o w yrite chock 35 e
W " read check 35 e
The basic differonce between read checks and write checks is that
its
the so-called 65th line on a tube is compared with{counterpart on the
wheel in the former case, but not in the latter: this, it was thought,

would cnsure that the track sclecting mechanism was operating corrcctl;
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It has been found in practice that the track-selecting mcchanism is
sufficiently reliable for this check not to be needed. The difficulty
with the use of read check is that the signal at its most vulherable
level passcs through exactly the same mechanism as 1t does during the
recad overation: the effectivencss of the recad check for docﬁing
transfer crrors is thus very questionable. The write check (following
a writing trancfer), on the other hand, is frce from this objection -
i.€60, 1t can be uéod as_ a safcguard to ensure that information has
reached the whecl succéssfully. In fact, with lengthy calculations,
and during input, it is as well to chsure confidence by the successive
use of several write checks. This is espocially true if for any
reason a tracx described in the difectory as being'reliable has
become marginal..

Typical writing sequences are given in the Examples 3.

Operations to be Tollowed in the event of a check failure will
be discussed below. For the moment, it is sufficient to note that,
once a failure has been rccorced, then at least with the information
under tost, contlnued writing will not vroduce a recliable problcm on.
the wheel. Even if the check works subscquently, the transfer should
be regdrded as unsafe; tests indicate that that track will be no less
subject to marginal operatior because repeated writing has taken place

In the case of reading transfers the only means of cnsuring a
¢ rrcet transfer is to have available some extra information regarding
the contents of the track. Thus if the check sum is available, then
tﬁis cah be compared with the number obtained by summing (mod. 240)
the long lincs of the page or pair of pages transferrcd, The check
sum can be stored on the track itself. Alternatively the content of
a sparc line pair can be adjusted so as to make the check sum zero.

It is the author's opinion that transfers involving numcrical
information should be chccked in some way, particularly if the resﬁlts
arc anything more than experimcental.,

The correction of faulty magnetic transfers.

The action to be programmed when a failure is rccorded depends

largely on the circumstances, In cascs where the failures are
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transient and the checks sufficicntly stringent, it is sufficient to
continue ottempts to write or read until the checks are satisfiod.
This may be time consuming if the faillurcs are chronic. In that casc
;t would be better to draw up.a now diroctory for tholproblcm.

It should be possible to arrange the programmc so that failure
of a chaeck leoads directly to the replacement of the bad track where-
ever it occurs in tho the dirocfories. However the aﬁkhor's have
never had any noecd to adopt such sophisticated techniques.,
Conclusion.

Experience has shown repcatedly that, if'long production runs
are contemplated, then there is ovéry advantage in making the
programme as far as possible self checking. Tho time lost in this
way is negligible comparcd with that which would otherwise be lost
by e.g., the necoséity of ropeating cortain runs due to lack'of

‘confidence in previous results.



APPENDIX.
The Console.

This is a control desk by means of which the behaviour of the
machine can be controlled manually. In practice this is best
studied in connection with the machine itself. ~For this reason.only‘
a brief descriptipn giving its essential logical features will be
given here,

A switch is a 2-position manual control which is stable in
elther position: i |

A key is one which must be kept pressed if it is to remain in
the tactive' position, |

The various~keys and switches are classified as follows.

‘1. Dummy Stop switches and the hand switches.
The purpose of these are described on pv. 1.20.

2, MAN-AUTO switch.

Manual instruction switches.

When,thevMAN-AUTO switech is in the AUTO position the instructions
from the electronic store are sclected and obeyed in a manner
determined by the switches in group 3 (below). When this switch is
in the MAN position a4different arrangement applies, In this case
thé actual instruction is the combination set up on the set of 20 \
manual instruction switches. A number of restrictions are associated
with this facility and its use by programmers is not recommended;‘
although it is useful to the maintenance cngineer.,

3. Switches for the control of completion signals.

With the MAN-AUTOATH +56 AUTO position the instructions can be
selected and obeyed from the electronic store in the following ways.

(a) Full speed ahecad, i.o., in the manner already explained

vin detail in Chapter 1.
(b) 50 per second. |
(¢) Singly under the operation of the single prepulse key.
><(d) Printing and/o; punching a record of the kth character.
This mode of operation is described in Chapter 8., "
%, Clearing keys.

By means of these the operator can clear the entire electronic

‘'storc or its individual units, that is, the accumulator, the B-tubs,
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the control lines, the multiplicand register, and all 8 storage tubes
(individual storage tubcs cannot bo cleared).

5. Manual writing keys.

These provide means for inserting or removing digits from any
line of the-eléctrdnic stora., |
6. Input and Output control switches.

‘ Those onable the operator’ to select the printer and/or the punch
as the output unit and to iahibit tho operation of tho output unit
and/or the tape reader.

7. Writing supprossion koys.

The effect of undcsired magnetic writing transfers can be
disastrous. In many problems no such transfers need be mada. During
the solution of these problems it 1s u#ual to suppress all writing
transfers by switching off the writc power. Unfortunately it is not
(easmly) possible to suppress the write power on individual tracks

In addition to the verious keys and switches therc are monitor
 tubes and neons on the console by means of which the behaviour of
the machine can be observed. The contents of the accumulator, B~tube,
control, and multiplicand register are diSplayed on different tubes
andvfhe content of any 2 stores can be displayed on two further tubes.
Two neon lamps indicate the sign digits of the multiplicand register
and the last B-line altered (on which /T discriminates). A neon is
bright if the corresponding digit is a 1.

Numerous special points arise in connection with the precise
behaviour of certain keys and switches, and with the interpretation
of the monitors, in special circumstances. No .attempt will be made
to 1list them here and reliance on these facilities to check
progreammes should be regarded only as a last resort.

The Tape Preparation Equipment.

This equipment is concerned with the physical preparation of
programme tapes for the machine.

There are two keyboard perforators. These are instruments,

similar to typewriters, for sunching combinations of holes in paper

tape. They have 32 keys on which are engraved the characters /,E,
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«esy, £, and which when depressed, punch the corresponding combination
of holes on the tape. At the same time the teleprint signal
corresponding to the character in question 1is transmitted along a
teleprint line. There arec also keys engraved with 0, 1, 2, 3, b, 5, §
7y 8,9, +, =, +.whose effects are respectively duplicatés of /, E, @,
A, ¢, 5, I, %, D, P, M, F. There is also a reperforator which accepts
signals from.a'teleprinter line ‘and punches the corresponding combin-
ations of holes. There arec ﬁwo tape readers which accept an input of
tape and provide an electrical output of teleprint signals. These
units may be coupled in various ways. For instance one may connect
poth a reader and a keyboard perforator to a reperforator. This
~enables 6ne to copy a'tapg with intcrpositions of new material, and
possibly with om1351ons. In another arrangement the tape from the
reperforator may be threaded through the reader, which is oloctrically
connected to the roperforator. Under these circumstances a given
sequence of characters can be repecated indefinitely often on a tape.
There is also a mechanlsm for printing out the contents of
tapes. In the lotter shift position this gives the standard characters
used in this handbook: on figure shift the equivalqnts L
0123%56789 . Space CRLF +" - £
JE@A:SIUADFZ L WPU"MNE
will apply. The changes from figure to letter shift and back are
manually controlled. The printer stops aufomatiéally at the cnd of
s line and the carriage return and line feed can be operated by the
appropriate koys on the keyboard. In the figurc shift vosition L
and W cause automatic carriage réturn and line feed whenever thay

occur on the tapc.



Y

NN
h o<

!
]
'
{

A,

Abbreviated Instruction Code.

Hoot

T P
/E|8' =M
/ @ | standardise
/ A|S' =M, M =0
/ : |8 as mag. instr.
/sisv=1
/I|L' =M, M =L |
/UlS' =L, L' =M, M' =0 |
/ %A =A-DS, ;
/D A'=A-DS8, o
/ R | Sideways adder ' ?
/3 iM o=+ S | '
/ NiA' =A+DS, .!
/ FIA' =A+DS, ;
/ C D' = S, é
/K,D':Si
/ T | B-cond. direct trans. control }”
/ Z 8" =H -
/ L St
/W sRandom number generator . L
/ H !A-cond. direct trans.control E
/Y| |
/ P |Uncond., direct trans. control . |
/ Q | Uncond. rel. trans. control 5‘!
/ O ! B-cond. rel. trans. control 5
/Bi o
/o s |
/ n a
/ M| A~cond. rel trans. control %
/ X | ‘
|

R - T BT T R T R e e I

R T T R R e - I I I I

]
|

AT

@

Alst=1,A'=0
: [A' =0 !

S )

I ;A' =A+S

|

3 lar =8,

D Al = & v s,

R|A' = A& S,

J [AV = A £8,4

N A = A -8,

F |A' = -si'

c %A' =4 +8,

K A' =28,

T'iB' =8

Z st =B

L |B' =B =38

WIB' =3 -8

H

Y

P

Q

of{Bf =8 N

Blst=3 |

G|B*'=B =S
"Bt =B -8
: > no B-

M addition

X

v

£ | Dunmy:. j




The reader will observe that the instructions with nositive
codes, i.a.,, which lie in thc upper half of the tablé, rcfer mainly
to the accumulator, whilst the remainder are transfers of control or
refer to the B-tube. With certain exception the former -are 5 begt
codes, the latter take L4 beats.

The exceptions are the multiplication codes /%, /D, /H, and /F
which each take 9 beats, the ryndom number instruction which takes
2% beats, and the magnetic instructions which take times as follows:
read, read check, write check 35 msj; write 90 ms, | o
Magnetic Instructions.

The purpose of the 20 digits of a magnetic instruction can be

represented as follows i
0123%567891011 1213 1% 15 16 17 18 19,
track fi* tube
~ o
0
&~
O wn ~
] (0] (9]
L a8 M OO A O
Sun O (ST
0 [ Q (3]
o e g ~ Q, &
-0 N 0O = n n -

A special magnetic instruction (input-output) is ihterpretedk
according to its 3rd character as follows.

Print and Punch
Space

Carriage return
Line feed
Figures

Letters

Input

Check output
Official Dunmay.

HhwoKmErNg

The Telgp;inter“code;

0 00000 /0O ? 11 11010 J 22 01101 P +
1 10000 E 1 i 12 00110 N 3 23 11101 Q@

2 01000 @ 2 13 10110 F. i 24 00011 O

3 11000 4 3 14+ 01110 ¢ ‘ 25 10011 B
L 00100 L 15 11110 K 26 01011 G

5 10100 s 5 16 00001 T 27 11011 n

6 01100 I 6 17 10001 Z 28 00111 ™ -
7 11100 g 7 18 01001 L 29 10111 X

8 00010 = 8 19 11001 W 30 01111 vV

9 10010 D9 20 00101 H 31 11111 £
10 01010 R 21 10101 Y

T e et 4 e am e e eeme st . o we e emn o e

Where the figure shift equivalent is not shown there may only

be a smudge.
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Aids_to Galculation in the Scale of 32.
Fig 4.1 o

Multiplication by powcrs 6f 2, The pnroduct is given one
character at a time., Each character is determined by two adjaccnt
cﬁaractcrs of the multiplicand. The leés significant is shown on
the left of the table, the more significant above it. Thus, c.z., to
multiply the array'IRELAND by 8}_the,pattcrn is first bordcred by a
couple of /'s, thus /IRELAND/, and the chavacters in the result are
then given as follows

D and / give @,
N D " J,
A n" k¥ n /, and so on,
the final result being TZRTM/J@
Fig &.2.

This téble gives the integral equivalents of pairs of teieprint
characters, E.g., that for YR=1010101010 is given at the inter-
section of X on.the horizontal scale with R on the vertical séale,
which is 341, | |

It may‘be used to facilitate the binary conversion of a dq@imal
fraction. The fraction is nultiplied by 1024 and the pair of t:
teleprint characters corresponding to the integral part‘looged up in
the table. The process is repeated with the fractional parﬂ.

- Fig A.3.
| This table giVes’the teleprint equivalents of somec useful

powers of 1Q.
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Specimen Coding Sheets.

—————e - om e v

Programme Sheet 1 is intended for recOrding'the official accoﬁnt of
a library routine. This should contain information sufficient to
enable it to be treated as a 'black box'.

Programme Sheets 2(a) & 2(b) are intended to contain a record of the

- instructions for one or two-page routines.

'Check Sheets.

A
The purpose of these are to provide a complete record of the

state of every relevant line in the electronic store at any stage

of the routine. They should contaln information sufficient to enable
the details of the routine to bc undefstood at a date subsequent to
that on which it was coded. This information is entered as follows:

Column 1 contains the instructions.

Columns?2 and 3 represent the two halves of the accumulator.

Column ¥ contains the name of the line altered (if any) as a .
result of the obeying the instruct on.

Column 5 contains the new content of the line given in the
corresponding entry in Column L.

Colunn 6 is intended for notes.

At any stage in the routine the content of any store line can
be found by glancing back along column 4 for the name of the llne in

question. It is neccessary to bear in mind that the name of a short
line may be contﬁined implicitly in the name of a line pair involving
that short line.

The information can be entered in any private notation that
the programmer prefers, e.g., numerical values in telgprlnt or
decimal form, algebraic symbols, English words. As an illustration
Example 1.8 (sce p.2,5) is interpreted on the specimen check shect,




MANCHESTER UNIVERSITY COMPUTING MACHINE LABORATORY.

Programme Sheet 1.
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ROUTING

MANCHESTER UNIVERSITY COMPUTING MACHINE LABORATORY.

Programmo Sheet 2 (a).
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MANCHESTER UNIVERSITY COMPUTING MACHINE

Programme Sheet 2 (b)
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ROUTINE
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ROUTINE.

MANCHESTER UNIVERSITY COMPUTING MACHINE IABORATORY

Example 1.8

ee Bd e oo L

NHNTQ@ A NHN -

. ; ; ' clear i clear § |
< : Dy, ! a

C/F (ac)ls | (ac)ms iF?

C/ U (ac)ms : clear /C | (ae)ls

c/U clear i clear :C (aigms

:/ C | 1 ; - D, |

C ; g 2-*(ac)ms ! c&ear P2

clear i 21 (ag)ys e

Sa1 | @reolseipons

cC/ A i clear /C | 21hac(rounded-off)

: ; é set roundroff 5 § 6

c/7F | 2% 5 | i

CTA clear ' clear @Cc 26b

Q ; £ | 520 ' Dt;i 2"b

N Wit ;

c/ K RS o >d=-ot
| clear /C . 2% abe (r?undcd-o;f)
,' |
; ;
3 | !
§ ] !
% | |
: : |
| |
! i |
| ! |
; | i
| ; |
A I :
: i
! : !
: | |
|
; |
1 !
| |
| ]
; |
: {
|
; |
!
!
l. '
; ;
: . K

Check Sheet.

(1)
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Supplement to the Programmers' Handbook

Preface

(2nd Edition).

Table of Contents.

Extensions to the routine B,INPUT.

Warhing characters M, X, and P, Sone applications.

Examples illustrating the construction of a complete programme,

Example 1
Example 2
Example 3

Example L

Example 5

Calculation of the period of a simple pendulum
swinging through a finite angle.

Calculation of the roots of an algebraic

equation possessing real roots only.

Solution of a set of simultaﬁeous linear equations.,
(by R. K. Livesley) | |

Solution of a particular pair of simultaneous
(ordinary) differential_eﬁuat;ons for a two point
boundary condition;' |

Forward integration of a particular set of

simultaneous (ordinary) differential equations.

Chapter 10. Output routinés,(by R. K. Livesley)




Prefacé |

Numerous alterationé and additions have followed the first issue
of the second edition of the Programmers' Handbook., The two most
recent additions - some examples iiluétfating the construction of a
comnplete programme and a qhapter on output routines ~ have been large
enough to justify issuing them separately as a supplement to the
original Handbook.,

The examples were originally intended as an appendix to
Chapter 4 and hence bear the page numbers 44,1 - 4A,37. The
chapter on output foutines was written as chapter 10 and is
numnbered aécordingly; | |

We take this opportgnity of describing some useful extensions
which have been made to the basic routine B.INPUT. Since this
routine was introduced various suggestions for new warning characters
have been made; As a réSult two new characters M and X have been
introduced, They are described below. A further suggestion,
resﬁlting in the warning charadter;P, was furnished by a study of
the input rautine'developed for FERUT - the computing machine,
identical to this,'which‘has been ‘installed at the McLennan

Computation Centré, Toronto Universitj.‘ -

" R. A, Brooker.
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Extonsions to the routine B.INPUT (17.11.52)

The rbutine B.INPUT has been extended to treat 3 new warning
characters X, M, and P, One of these ; P, necessitates starting a
3rd. page of instructions and for_this purpose the right half of
track 97 is used. The reader will recall (p.4.23) that only the
first line pair of this page is at present used. This magnetic page
is transferred to SO whenéver the warning character P is encountered
and when the P sequenée has been treated then the magnetic page 96L
is restored to SO, -

Warning character X.

This is a one character sequence and corresponds to the closure
when B.INPUT is uged as a sub-routine, The effect is to transfer
control to MS. This character may thus only, sen51bly, pe used when
PERM stands in S2 3. '

Warning character M (3 character sequence)

The effect of Mab isﬁfo obey the content of the short line ab
as a magnetic instruétion. |

One application would be to "set" one or more of the electronic
stores 4, 5, 6, and 7 direcﬁly from the tape before entering a
routine. A means for effecting this has already been described
(p.%.31) but M sequences provide a very much neater and more easily
understood method of achieving such operations. - In particular use
can be made of the three lines K@, T@, and Z@ within B.INPUT itself
Dote22),

ey

(see

Warning character P (3 .character sequence)

The effect of Pab is to replace the (short) line ab by
(//rs) + \pd} , Where Iabi pqrs. Thus, e.g., if, when the
sequence PD¥ is read from the tape,_[D%} = VFIZ and_[VF} = /c//,
then the effect is to replace VFT5 by . /CT3.

Applications{

P sequences may be used to insert addresses into instruc-
tions and wili thus be useful in connection with preset parameters
such as are required by the routines B/RUNGE-KUTTA, B/ROOT/A, and
B/QUAD/A. When reading these routines the parameters are first
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read into certain storage locations, usually in colwmn U, and, after
the punching proper has been read, an interlude is used to pick up
thesc paramoters and insert them into the the appropriate lines of
the routine as it stands in Sk and / or S5, before transferring it to
the magnetic store. Essentially the same technique is used, but in
place of the interlude, which is included on the library tape, a set
of P sequences provide a very much neater method of inserting the

~ parameters into the routine., Thus, e.g., consider the case of
B/RUNGEKUTTA, for which the routine and the interlude are described
on pages 7.1l and 7.12. If it were intended to repunch this tape,
then the following alterations would be made to the punching proper:

Line S% becomes BUT:
J:

u 1t £UQ%
I S
1 P"% 1" ny /N
1 0% n XUQ‘%
u Gi n XUQA
n £-§ n GU/N
" ED n VUuJ
u @ - n £U0UK
n UD no. VUUA
n CD u BU//

and in place of tho interlude KYIJ,......, N@/PTHI would be punched
the P sequences

PS%, PI%, PN3, eve..., PCD.
The effect, e.g., of PJ&  is to replace the line £UQ% by (C)Q%,
wherc (C)// has been preset in £U,

A further example of the use of P sequences is to trather
magnetic entries from a reading- in DIRECTORY to other pages of
material, Thus, e.g., when using an electronic cue DIRECTORY as part
of a WORKING PERM, with cueé standing (say) in column I, the technique
hithertoo used to read in the routines 1is to dOpy the WORKING PERM up
to track 34 to serve as a reading-in DIRECTORY and follow the routines
with destination sequences of the form Y.@ The warning character P
however enables one to use a separate réading-in DIRECTORY consisting
only of magnetic entries and to regard the magnetic halves of the
cues in the cue DIRECTORY as parameters for the WORKING PZRM, By .

including appropriate P sequences among the PERM alteration sequences .
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these parameters can be selected from the reading-in DIRECTORY and
planted in the appropriate lines of the WORKING PERM before transfer-
ring this to track 98.

The wdvantazc of this technique is that a single reading-
in DIREZCTORY can serve for a number of different programuc tapes, all
of which have routines in common, but each of which uses a distinctive
cue DIRECTORY. Indeed an isolateé traék‘containing an entry for éach
poutine in the library could be made the basis for the ménufacture of
a WORKING (reading-in) DIRECTORY, by a device analogous to that used
in making a WORKING PERM. Thus such a list would first be transferred
to.Sh, S5, then entries inserted which correspond to the routines
specially made for the programme, and finally the result transferred

to track 34.

Alterations and Additions to the Isolated Material on Tracks 96 & 97.
(Compare with pages 4.3% & 4.35: the new contents of lines

altered are shown below).

Isolated on 96R Isolated on 97R
< El ¢/ w Q: E =

@Ex E / @

A A

: £££ £

S £ £/ /48

; el 7

FA A

g v/ 7/ : g

D/ / T : / EUPD
RIN@/ P \// P/|R

J S/ TR|J

N{_ 1@/ T A|N

Fl& A @/ Q O|F
cl@ea/ : // Q/|C
KIN@/ P / / P IK

T : @/ T N|T

Z @/ T A{Z

L @/ Q O|L

W "t/ PGIW

H '§£PZH

Y / / P|Y

P| P »
QL / Qip/ /7 /
0 04 ;
B B

G e

n 1}

M M
XL/ X

Vit s 1v

1£ 1£
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Example .1.

Calculation of the period of a single pendulum swinging throﬁgh
a finite angle

If a is the length of the radius vector from the centrs of
the circle to the particle and &« = 2TR is the maximum angle
which 1t makes with the downward vertical, then it can be shown
(H. Lamb Dynamics, p.107, 2nd. edition, Camb. Univ. Press, 1942)
that the period of the motion is ‘

db .

,( J/;os 0 + (1+°°Sx) sin® l+/25 )

The ratio which this bears to the period of an infinitely small

arc is thus 2'

— K.

m : . A
The programme is to read values of R from the tape and print the
corresponding values of ‘%%w The complete elliptic integral K is

computed by a repetitive method based on the Gaussian form of

. Landen's transformation (Whittaker & Watson, Modern Analysis, p 533,

kth, edifion, Camb, Univ. Press, 1950),
I T

2 - 2 2 =%
{‘ (ai cosp + bi sin?ﬁ) : dd = /f (azcosab + bzsin g) an
) : . R ¢ ' ’

where a, =% (a + b) and b /%.b.>

Thus if an. =.§~ (a, + bn)_ and by, An b and N is the
common limit of a, and by, then
3 3
2 2 -
jﬁ (a2cosgﬁ +‘b2 sin” 8 ) a = b
“o | | NI

The required ratio of the periods is then simply the reciprocal of
the limit of the sequence with initial values

a, = 1 and b «/ﬁ + cos&

The MASTER Routine

Before attempting the detailed coding of the master routine
it is first necessary to enumerate any library sub-routines which

it is intended to use.
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 This oxample requires the following routines

(@ / MASTER)
INPUT/B
é-/‘ - PRINT/A

SINANDCOS/A (cosine entry)

SQUAREROOT/A
/ DIVISION/A

clear A‘
JSGt ao » 1 ‘
jcalls in INPUT/B°
_h’:.'_: +f = R ] ’
LU = R 1

' Culls in SINANDCOS/A:
lLU 4cos2TR

}
LY &(l+0032T'R)
Jum to set b

&L

HaME QOO KIS HNHERQRZGTONCHD .« POEN
KT 0 N® N0 0 NNO®® NHHO HEQ AN QF@UN

danmb.-. daaNnNNAdcddnnEnNGNNN0 NGB\
NNNHENHHEHE NN NNNNNNNHNHENNO NNN\O B H
bZQ\mzzm¢<modz»oZZONvH<wod<wo>\n

%(1+cosZ1rR
form
Jﬁ(an + bn) in M

plant a
form a nb%

LY ay
gailgf 4
,lLU +f = /ap by
.plant bpy
jan+l‘ bpsr -
“ap#l= bpil- 2737
_test for convergence

D;-_' .= AY .

. 2 .

UHHQAE 2 Q@@=
0NN\ B NN\
NONONONO NONNNO NN
gH<S-goOQH<IgON R

-

QDO HDe PO EN

Ko =
~ 5
= nn
N

ih SQBAREROOT/A.

It is conventional to reserve / / for B INPUT in case it should be

The details of the MASTuR routine are as follows.

MY 10

- ETA
I calls,in DIVISION/A;

lL'i+f 10-2/\

sct dlgit layout

!jprlnt result

dunny stqp
return.to rcad tape

| & 1072

digit layout const-
ant
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The DIRECTORY

It remains to draw up the cue DIRECTORY, First nagnotic
. storage is allocatcd to each routine and the appropriate track
number inserted into the skeleton cue which is found from the list

6f library routines.

ROUTINE ~ MAG.STORAGE | DIRECTORY ENTRY
K/3C
B.INPUT 96 W |/lc e/ /
(| |E{/ A@/
MASTER LL | 1ele £/ /
W lale /7 7/
INPUT/B 5L (| s/ 77 7]
i| Ists/ //
PRINT/A SR (| |{I|CE//
, | g's / E/
SINANDCOS/A | & 6L g se//
. W ipjr/ /e
SQUAREROQT/A 6R {|l IR|lE@/ /
:  |JjI/ E@
DIVISION/A | =~ 7L | |Nja@/ /
i\ IFlu/ /@

TAPE ASSEMBLY
| For demonstration purposces a main tapé'pearing all the routines
and an auxiliary number tape, with the‘requiréd values of Ry, will be
the nost convenient arrangement for input, © |
The main tape can be torminated withfZ'é so that it can be
halted on the / G stop after reading in with: / L off. The number
tape can then be inserted. This should carry a starting sequence

at its head. The general layout of both tapes is:given on .p.#A.M.



MAIN TaPE

YTP

"MASTER | !

| e/

Y:/

| ‘ PRINT/A ‘
Y1/

COS/A
Y5/

SQUARE '
ROOT/4 !
YR/

S !
--!DIVISION/Ai

W/
‘ZZ.C... '

[DIRECTORY] ’

! INPUT/B l

SINAND J_“

Yl

NUMBER TAPR

e
01+
02+
- 03+
04+
05+

otc

This numberAﬁgpe'boars values

" of R = ,01, .02, .03, etc..
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Example 2

Solution of an Algebraic Equation with Real Roots usingv

the Floating Decimal Interpretive Routine FLOATCODE, -

General

The method used is to locate a root by an iterative ﬁethod,
divide the equation by the corresponding factor and repeat the
process on the reduced equation.. When finding the first root, zero
is used as an initial approximation, thereafter each new root is used
as a first approximation for finding.the 'next' root. This device
is useful in the cése of double or multiple roots.

The iterative formula used is '
| Fxg) #'(xg) |
Flixg)? = af(xg) F"(xg)
wherc a takes the values % or 1. (See Bodewig, E., Quart. Appl.

X4l = Xg 7

(1),

Math., 7, p.328 (1949).). With a = %, the formula yields cubic
convergence in the 'neighbourhood' of a simple root, that is, a
root of multiplicity one, and linear convergence in the case of a

multiple root, With a = 1 the formula always yields quadratic

convergence - whatever the multiplicity of the root.

The programme is so arranged that a can take either value
simply by changing one tinstruction' in the prineipal sub-routine.
This is effccted by means.of a corrocting sequence (see Pelre25)
at the end of the main tape which can be omitted 6r otherwise from
the rcading in proéess.

Dctails.

The programme will sdlve equations of degrec < 31.

The cocfficients of the equation arec read with FC/DECINPUT
and results printed with FC/DECERINT/a.

The material describing an aquation is stored on a single

electronic paée. For example, if the page in question is S7

and the equation is
‘ n=- n-

n ‘ ' " ‘
X+ 29X + X+ eeeees tapx + 2, =0, (2)

n
then [/ | o) = (2n-2)// and a, = F(@ + 20 - 2r).

During the iterativoe process this material doscribing the cquation




)

being solved (that is the original equation or one of the subsequent
reduced oquationé).is held in S7; S6 is used as working spacecj S2, 33
Sk, and 85 contian FLOATCODE; the REDUCTION routine stands in SOj
and S1 is not used. |

All other routines when required are read down to SO except
FC/DECINPUT which replaces part of FLOATCODE (see p.5.13B)

In addition to the library routines FLOATCODE, FC/DECINPUT,
and FC/DECPRINT/A, the programme is based on two new routines, the
REDUCTION routine and a MASTER routine. They will be described in
this order,

The REDUCTION routine.

| This is the principle sub-routine, Its effect can be described

as follows.,
If the material describing an equation, f (x) = O is held in

87 and F(WI) is an initial approximation to a root§ then F'(WI) is
the final approximation (x}.) and the material describing the
corresponding reduced equation, ,f(x),/ (x-g; ) =0, will be
found in S6. In addition {E N}?
cant digits of the standard (fioating) representation of the

‘contains the twenty most signifi=-

residual }'(xf.).

The routine is based on the following algorithus.

The quantities f (%), f'(3), and JS"(3) which appear in
the iterative formula (1) are computed by means of the recurrence

relations (see p.6.1)

= 2 + = 1 : n. =0
Py 3T 4 N

= % . = X = o+
pr+l pr N ar+1 qx+l (G5 Pr !Or+l 'Qrﬁ qr
p, = f(3) q, = J'3) oy = ey

. 21
. Furthermore the pr calculated by the first set of recurrence

relations are also the coefficients of the quotient

 F(x) _ n=1 n-2
q (X) = ————t =7 ' + pl X +.ocoo-o pn_2 X+ pn-l,

X"5

where fx) = alx) (x=%) +1(¥).
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During the course of the calculation J- (x) is computed for
a sequence of values of x terminating eventually at a valu X
such that (x; - j—l)/xi is less than 2'38, At each steﬁ the p's
arc recorded in /N, @N, etc., ecach set being overwritten by the
succeeding sct, The set of »'s which is finally recorded provides

the coefficients of f (x) / (x the reduced equation, The

-x[)?
residual J (x; ) stands in /N ahd é;nally, before returning to the
MASTER routine,the value of 2n-l, the degree of the reduced
equation, is covnied into the short line /N.

The detailed instructions are given on p. 4A.8

The MASTZR routine

This is best explained with the aid of a flow diagram,

) foll
ENTRY read- coefficients copy cory | ctf. :
——|into S6; @N, :N, 86 to|—=~ T127L|—-—|56 & pass
A etc. | | 1T127L} to 871 187
A copy print - call in [
ENTRY B—>-| T127L to|—%{ values of x j~«|RZDUCTION |———
S6 and §(x ) | routine '

The detailed instructions and 'instructions' are given on p.4A.9
It will be neccessary to study the DIRECTORY 4in order -te.follew somo
of the details.

Notes.,

l. The MASTER routine is called in from thec tape as a sub-
- routine of B.INPUT, iImmediately prior to this (2n-2)//, the 20
digit linec defining the degree of the equation, will have been
read into line /N (by means of sequences at the head of the number
tape). ‘Thus when the coefficients have been read’all the material
deseribing the equation is standing in S6. |

2, Of the value printed for the residual of any root, only
th. exponent and the first three decimals will be significant.

3. The alternative entry B. This pfoves useful in the event

of an interruption because of machine breakdown (or for any other
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recason). It cnables the process of root finding to be restartod

with the last reduced equation which is described on track 127L.

REDUCTION ROUTINE

ENT?; , K/%/ . &1/ K/DB X
| QET/ ||ar - IE|/IME/ Q) F'(a) = A
) Lgg T pallset o =1 El/ W7 G ,
@ik / T/ [lset 5 =0 @VE/ONE () = [17- 1
AV ET A (gee Hote 1) 'AIlVE / 0lJ(see note 2)
2|/ ¢ 20| 1567 = 2n- G VE /Y [
818 / Q Olienter FLOATCODE SME/ Q) P () = LfF .
I 5 % ; g JF!(R) I|V E § B! F'(R) = 1/ (Fre-fim)
) 1 =X VE/ X .
é.g é é 3" ot p S+ g VI 5 0| Fta) = -}}'/(}'gjf")
& S = X+a DY I Wi ¢ = T
R/NIYJ 1 1 RWI/Y,XS.FX“XS-FI to WI
J\X/.Ln J|J B/ £| quit FLOATCODE
g % % %‘Z sot a(ry 1) N[W T T %|7form difference
META|] T 7 FIYITN|! Xs41 = %s
e G
ZD g ¥ % % g .transfer X, to YI %g g f g % “ix g- X [- 2"'38
2|3 1/ plreeater FLOKTCODE at [7Ip ¢  ¥s+1” Tsl - 7
I I/ PhiiKstructionfstanding,jL{D S / H| repeat iteration
WiW/ Q0 }enter FLOATCODE 8 /Wi|/ C P 0| set degree of
HIE I/ Pl = 'H|A : P G||reduced equation
Y|@ N IQf 'y|/ 1 P B|l(2n-k) in /N
o) i A 5) = 1
olus/qpy &) G|y 3ty FOBEL
BI@ N I Wi|Qr+l™ 4y X + 15, 1 B| spare '
E % 5 ; Y (r>1) }% spare
X g g ; pak . (rule) - x| T Do
v 2| qui 0 | = Z
:> TR quit FLUATCOD %X P, space  Pp= 3
Notes A
115

1. F(4/) is approximately 2 ~, i.e., 'zero'.

2, If the 'instruction! standihg'in line AE is replaced by a
dummy (../P), then the effect is to form fi2 . 5 ff" for
the denominator of o ., This results in the iteration

formula which is cubically cdnvergent for simnle roots.
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MASTER ROUTINE

ENTRY ~ K/3/ . K/DE
/1714 8 ¥ 97eal1s in wo/pacmvvury/ 1€ W/ /IB] paranotor for
g % 1 5 g Jreads coefficients FC/DECINPUT
An/ /v into @N, :N, ctc :
SNTRY~| s/ / P
—b | SIX / /
& sltiv/ /s “cogy'coefficients;of
pluis / /s Jre uced equation into
i % / WQoO maghetic store & into '
i(D @ ¢ / 0| test for end of prbcess
MR{y_S_/_P| return to B.INPUT
IYJ(VD QG
”3N / W Q C|-compare relevant
F|/ C Q N| :lines of S6 & S§7:
Cla 3 Q G| repeat wrgting
Yx!B I / 0| :operation until
7|/ / / A check sums agree
ZIT ¢ T H| | (see Example 3.2)
-~ LIM / / H{~
wiw / 0 o'wcall in REDUCTION
H|E I / P|!'routine
Y|N/ / vil |
Plw I / w F'(A) = new root - print value
0|1 / / V| call in FC/DECPRINT/A | of root on
ot/ /.7 ¥ clear 'accumulator' |new line
2 ﬁ_§ ; ¥! print value of residual
n ? 77 yi)similarly, but on same line
—iMls / / :
¥|£ A 7 N 127L £0 86 ) | onetic
V§£ A ? Nl 86 to 127L ¢ ingtructions'
£llg A /7 c| 127L to 57
The DIRECTORY
ROUTIFE MAGNETIC STORAGE DIRECTORY ENTRY
- K/T
B.INPUT 96 /\¢ =2/ /
‘ B|l/ AG/
MASTER 4L ele s/ /
(ENTRY A) INE A A
DITTO e/ /)
(ENTRY B) sis / //
FC/DECPRINT/A 5 s/ //
uis///
DITTO (alterndtive entry omitting HE///
carriage return & line fecd) pis/ //
FC/DECINPUT RIG T/ /
J1/@%
RIDUCTION 4R N|E£ £/ 7
- Arl: / E/
Entry used only for reading in FC/DECPRINT/A |C{8 / @ /
n 1 n n n 1 1 n FLOATCODE,Pt 2. KiA A @/

For further details about the purpose of entries ¢/ and K/ see

Notec 2 on p. 5.i3A and the first paragraph on p.5.12
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T et e s s o 28,

|
; DIRECTORY l

YTP

b —— . v s it & St 5

x
| FLOATCODE
3 pt 2

— e o ces et sameee

WK/

| FC/DEC l

PRINT/A

S 0ot b ot ntas o Gper———

we/

l FC/DEC i-

INPUT

‘KHDEAA@D (see p.5.13B)
T e

| REDUGTION 1
routine
YN/

P

MASTER |
rgz&iclazi

Ye/

Z...,(/G stop)

HN/ j
KADE///P {
YN/ S
Zeoss
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LAYOUT OF TAPES

m.-;

WUMBER TAFPE

LK/ | See p.5.,12, paras.
K/NE(2n-2)// 2 and 3, and the

ce/ } note below
&n E coefficients of
an-l |

| equation punched as
n-2\ described on p. 5.13A

1 o
" (See p05013B)

~LK/G:/ 1 restarting sequences

LK/G:/ ! (entry B of MASTER
L%/G:/ \ routine)
e 00 [ ,"I‘ .

For example the number tape
for the equation

+ 128 + Wx+ 48 =

is punched as follows

LK/
K/Nm.///

6o/

L8+1+
Lt 1+
}2+l+
1

"LK/G:/

LX/Gs/
LK/G:/etc..

This correcting sequence -
to the REDUCTION *
routine is to.be read
only in the case

It is necessary to arrange the first two meaningful sequences -

of the number tape in this order otherwise ]/ N| would be

overwritten when the DIRECTORY is brought down to S6 and 87 to

treat the L sequende,.'
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The Compound Tape SIMULTEQN for the Solution of Sets

of Linear Simultaneous Algebraic Equations

(For use with SCHZME B) by R. K. Livesley.
General

The compound tape containsvthe routine SIMULTEQN, a master
routine, and the library sub-routines DIVISION/B and DEC.OUTPUT/B.
It may be used for solving any set of linear equations 8 4 xi:?bj’
where the number of variables n is & 31, provided that a unique
solution exists,

The method is the elemehtary one of elimination and backe~
substitution (Milne. Numerical Calculus. n.1l5) The brogramme is
so arranged that on eatry the equations may be either printed out
or solved, while on subsequent re-entry they may be checlzed by

direct substitution.

Input Organization

The Input Organization is described for a set of n equations.
The equations are referred to by a suffix Jj, where j takes the
values 0, 1, .. n=-1, (instead of the more usual l,...0,)

Before input of either the compound tape or the equations
themselves a directory must be made up. This contains), besides
 the normal cues for the routines, a list of transfers for the
equations themselvés, each of which occupies a separate half-track
in the magnetic store.

The make up of the Directory is as follows:-

Cue for Master routine VAVSCREAVATIE % L
Single pagc brought downn only o L EE. .. 2 “§
Cue for sub-routine AVAVAVATCI N
'SIMULTEQII! " ~97_/ Ale o o)
Cuec for checking sub-routine /7777 . . 5 ‘
(Part of Master routinc) 2O CIVAR -] PR ;See note (I)
Cue for eguation printing - /E/ /[T, . . g ;
sub-routine (part of Master routine}|.£{ @ /,U| ! \
Space available for insertion a0 }
of cue to private sub-routine .. . .|D 1
Cues for . Fractions (@ / / /|R| |
DZC.OUTPUT/B L@ /)T !
{ Integers |% / /7 7in| ! \
__E__g_/.F ‘
Cue gor DIVISION/B s 6/ /¢ b
: ’ ' B . @K (’
Cue for B.DEC.INPUT / /7 / /T - See note (2)
' ' £ @ /Z \ :
PSP, M- t
£

(Track numbers ., R, x4 4¢
must be assigned by the user)
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Note. 1. Cues for equations. Single page reading transfers to
Storc L4, n transfers in all, standing in lines /E to n-1, E
{ota. Transfcr for j th equation stands in line j, E )

Note. 2, All lines n,E - VE must be clear. Line £& is a single
page rcading transfer to Store 5. Half=- track specifled is used to
storc calculated values of the unknowns X, .

The routines are designed to deal with equations in which the
coefficients’ aij and the constants bjAare integers. (The eduations
will be solved corcectly if both aij!s andlbj's are entercd as
fractions, but the equation-printing and checking sub~routines will
then print incorrcctly). It is also assumed that the unknowns x4
are fractions in the‘range ¥ %, (if on solution any x; is found to
exceed this range the routine entersva hoot stop in column A).
These conditions may always be met by multiplying individual
equations or the. constants be appropriate scale.factors.

The programme will also fail, (by entering a closed loop in
the division routine) if any coeffic1ent on the leading diagonal of
5} is zero, or becomes reduced to zero during the

course of the calculation. Unless the matrix is actually singular

the matrix }a

this may be avoided by rearrangifig the order of the ecuations,
As mentioned above, each equation is stored in a separate
ralf-track. When any such half-track is read to Sk the coefficients

constant bj appears -in the long line VD.

stand in the long lines /% ceesase 2(n-1), %; and the

It is assumed that the equations will normally be read in
using B.DEC.INPUT, and for this reason the cue for this routine 1s
1ncluded in the directory.

The equation tape w111 then take the form ;-

g1/ | Enters B.DEC.INPUT
W/5,n ceenoeeeens reads &, +ss. a3 £O lines /% o
WUDE  eovvorvecns | reads ij 6 1ine™¥D. 2(n-1), %

l
!

LW

returnsto B.INPUT . -
JB : Writes up j th oquation using line
: j Eof directory.

=0

e ® o Cu

GT/ etc.. . commences reading (3 + 1) th ecuation.
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The Routines. General Effects.

The routines use SO, S1, S2 is used for PERM, The routine
uses lines TI - £I as working space, together with St & S5, The
directory is kept intS?, and 86 is not used. If the cquations
are read in as above with the dummy stop /L 'on', the tape
terminating in Q//, the machine_will eventually reach a /L stop
in line N@ of the master routine. Subsequent behaviour depends on
the setting of the hand-switches. The effects are as follows:=

(1) set H =////, operate KCS.

Enters routine SILULT-COW. The equations are solved and
the unknowns, if in the range & %3 are printed out as fractionson
the I convention., If the range has been exceeded at any point a
hoot stop is entered in column A,

Printing is normally to 9 decimal places, the numbers being
arranged in 5~columns; Modifications %o this scheme may be made
by altering certain lines in DEC,OUTPUT/B in accordance with the
library account of that routine.

The routine ends on a /L stop. The unknowns will be <found in
S5, and this page will also have been written up to the half track
specified by line £E of the directory. If a prepulse is given,
the mechine returns to the /L stop in the master routine.

(2) Sct H = @///, operate KCS.

Enters the checking routind, which forms part of the master
routine, The routine brings down the track specified by line £E
of the directory, (which will contain the unknowns X5 if the
routine SI;ULT~EQN has previously been operated) and forms and

prints the quantities bj - bj’ for each equation, Each

aijxi’
pair of values occup;es a separate line of printing, and numbers
are printed as integers.

It should be remembered that the routine SIMULTEQN alters the
original equations, so the most satisfactory check isﬂobtained if
these equations are first reformed by re-running the equation tape.

Control eventually returns to the /L stop in thc master

routinc.
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(3) Set H = 3///, operate KCS.
Enters the equation-printing routine, which forms »art of the
mastaer routine., The -constants bj and the coefficients aij are

printed out in order as follows:i=-

O eco e

2 line fceds
(3) Single character (letter shift) identifying ecuation.

2 line feeds

aij - anj Xormally printed in 5 columns. Printing as integers.
2 linc foeds ‘
b.
Jd o Printed as integer.

2 line fceds

(3+1) Next equation -

. .
[3 - *
. B : .

control eventually returns to the /L stop in the master routine.

(4) Set H = 1///, operate KCS.

The routinc whose cue stands in line é/ of the directory is
entered as a sub-routine., This cue must be inscrted preViously
by the operator when making up the directory. It cnables some
operation to be performed on the calculated xi's.}

Notes.

(1) Othcr settings of the hand switches will initiate various
cffcets.,

(2) If the programme is used with the punch switched on and
the tape produced is subsequently read on the teleprinter on‘figure-
shift, the printing will correspond to that obtained directly on the
printer attached to the machine., The only difference will be that
when printing out equations the character j denoting the equation
pumber will also be printed on figure shift, and will thus not
appear as a number for J > 9.

(3) Accuracy. This depends on the initial set of eauations

and the condition of the matrix ‘aij} . The errors bj - aij X4

printed out by the checking routine should never exceed n/2 R

.

(provided of course no machine errors have been made) and since
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this is due to rounding off will probably be much less. In practice
the error has rarely exceeded the range t 5 for any set of
equations.

It will be noted that the error is independent of the magnitude
of the numbers involved, It is therefore advantageous to scale up
the equations as far as possible, It should however be remembered
that the equations are altered during the process of solution, and

this may increase some of the coefficients, so that a margin of

safty should be left., It will generally be sufficient if initially

all numbers are in the range ¥ 230.

(4) During solution read and write transfers are not checked,
It is therefore desirable to use reliable tracks fdr»storing
equations.

The Routines. Detailed method of Operation.

The instructions of the MASTER routine and the‘routine
SIMULTEQN are given. The sub-routines for checking and equation

printing are straightforward and are therefore not included
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M...'3R_ROUTINE

Equations

_J§{§ g ; ? g Bring down directory to S7.
7 % P 0|@ Counting sequence. Initially B6 = //E/
S sqolal B7 =///
‘ [ 2 : Palsl B6 = ££//. Reduced by 1 each cycle
b€ X P L|s| B? = ///% - line in directory corresponding to 1st ch,
. iy @/ T|1I| Test B7. exit from cycle when line subtracted (of B6.
Y@PG H B6 = n-1 : (contains a transfer
lr .
7 % g g 5 Long line TI = n-1l.
TTTER rong 1ine LT = 2(n-1).
~|@ @ / L|{N| Dumm 15t°p’ Hand switches set here.
£ A/ Z|F [£ Aﬁo = H '
L@T/|Cc - : , "
V A T I|K| Alter short line W@ to @ + [HI§ , //V
4 Le@TAT, t
é g 3 g % Enter pputine whosecuc lies in line
e 7 7 vlw m§[+miﬁj , / of directory as sub-routine
.iP ® / P|H| «wn-—- return to /L stop. l
E £/ /Y| constants
Je/ /ir ‘
. l . . i i ’ [
H=//// H=0///  H=// . H= 1///
| SR i
I
!
| | |
N\ \::/ \!/' ’ \:/
Enters Sub- Enters Sub- Enters Sub- Enters Sub-
routine 1. " routine 2, routine 3. routine 4
- Solution of Checks Prints out specified
Equations Equations © by programumev

if required.
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ROUTINE SIMULTEQN PAG:S 1.

5 e 0RO e

HAUHHHHO QI e
\N*U\.‘I}\F-]HHH\H\\\\HM\SE\H\\P:PHESNF—B

es s oo = eo il ee

1/iG 2/ /) EIG
/T I P OiE| B6 = n-1 (Initial value '~Iy
ENTRY!L I Y 0l@| BS = 2(n-1). -of §) im
—-i/ X I :lA] Bring down pivotal u%§ A
1/ 28 K|3] yse DIVISION/B t uk
| T § T /sl se B to 7
‘ I/ 9 O!I " form =~ 239 and /
g § / 5 g \ place 1ntegral part in | %
H I/ UD| PI, fractional part Al
p I/ U|R]in’HI : 0
M IPBIJ! /
M IHONIBY=J -1 A
E : HG|F] 1/
R / 0iC]) Test whether 3>0 /
8y F ¢/ PIK|y If § = O,exit from cyele |I
< |/ KH/'Th Select transfer for v
i |ESTTIiZ!: (j=1) th egn, ccnvert v
; VITALI toa 85 transfer and G
v I/ : W' bring down equation M
E:/ Q‘Hq Test whether asjs.1 is M
/ RS %Y zero,If so, proceed to 0
AL HIP% next’ equation, v v
L /RSKWH vV
1|18 T/.0|Form a.: ﬂ o
'lE I/ NIBlj - A iV
¢ |EI/ NG 233 Ny
AY NI/ g-"i{and place Integral Part '-|E
MIT%M\in 0I,fractional part - D
PI/FIX|\ineoI E
PI/FiVii A
10 I/ AL A
EIGITAI/ ir
p '
Notes. Initially TI = n-1, LI = 2(n-1) and

(effects of Mastcr Routine).

Each equation is brought down to store

equation.
(1)
(2)
(3)

(&)

(5)
(6)

The cycle is as follows.

HH

ﬁomzqmowghgup@m\_

..‘—,'._,,.

) Counter. i takes
} the values 313
hake certain

-1l 7
Rg%nd off

0

ib5_1= by -
\ 2351 b
33

|

I

!/Convert S5

it rcading instr: &

write up altered

equation

t{educe deqn cgg{;
%ﬁ If +Ve2prooeed

Redu 1votal n
coun%er . Ret urne%

deal with new
pivotal page

QmoﬁwmminH

-
-

RO HG - B HNEEURE 2R ONPHQE g R NQ oW s

<=

S7 contains the Directory.

4 in turn as the pivotal

Bring down j th equation to Sk as pivotal equation

Bring down (j-l) th equation to S5

Test whether 255u1 is zero., If so pass on to (3-2) th

equation (5).

t,
If no reduce aJJ 1

and adding to S5.

to zero by multiplying Sk by ajj_1

Write up new j-1 th equation.

433

Repeat for equations j-2, J=3 eeeee 5 Oe

Bring down. (j-1) th equation as pivotal equation, etc,.




44,18

ROUTINE SIMULTEQN PAGS 2.

o
~

Set B3
rin

%Inl

Set BY4

e \NHIT K HEHEN

, Form dJ

N J
¢ S‘C

.ﬁks not
out and
en

HARQURUNO W «

D1v1de

!
Replace

1O B~ Q § O~ O < H R N N

[
e

s
;

LR e

T

y Increes
and B6

z=mmo©wkm£wwewomzuwowchu>@

' Test,

@Hw@ummm>®mnmuw\m@waumemHHwam

NHFE NS g R KNS HE BN NNO NN e
rH\HQOOO&EQHMZm<wo

Hhp<

OrUbhEpDUoOU9o -

Clear remainlng 1lin

emalning $°gs
down tp
ally

_23
Round off3-1

inctual cyc?e

X, but since X

S are.
. the same.,

answer l

lA

rhtdci‘\

BS er)

- Cij Xqo
sums ’

%t becn worked
S,

"oFe 388 c%°1s

b% Cli ‘%51’}?21.’

-5 C4 j Xﬂ
o -
XJ in A by

NONOCNMONONNN NN H AN\
LS NN\ P HN<HO

&D\\‘\\\53?<C12:<p4
BNNTI NN HH e« "N\

its modulub

i Subtract 2
- If xj 4 enter hoot stop

se BY to 2(j+1)
to (§+1)

Reduco B3

If +ve, treat next eqn

! Setting for printing n
+ values xa.

Line fec

C)mﬂZC4ZHijcﬂ4(n..wu@cq\\

{Print out x! s,
\ J

erte up x! s to
'magnetic store

turn ast
>Retugs fo gastor

} Basic setting for
! printing xj s

v o

t Hoot stop if | x3§>=%

When all equations have been treated as pivotal equations, the

COO

Cor

Con_le e 0 s 000 00 Cn_ln_l Xn_l .=

)

XO + Cll Xl

1 - j=1

hence x. = dn,. X = ~.|ld - ¥
0 ’ 2.

0 /COO J ij - J 0

set of equations has been altered to the follo&ing form:=-

13 %1
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| DIRECTORY
! _.'
YIP

|

A .
| | MASTER |
. P L
§ Y:/
|
L e
;" STMULT. |
? Yo/
i
| '[DIVISIONZB |
% Yc/
t
!

| pc. QUTEUT i
H B .

. e e - — e e S G . S e

!B.DEC.INPUTi
Y1/

i

EQUATION &
TAPE
Q//

J it i ol SRt Y

44,19

Make up of Tape

(H = /a@/)
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Examplo 4

Solution of a pair of differential equations with

a _closed boundary condition.
General |
This relates to the solution of a pair of differenfial équations
which arise in the theory of the flow of water through a manifold.

The equations are

gg = -0.00109 v /h + kv?
,g% = 0.03#9Vii; k being a parameter.

It is required to find a solution satiSfying fhe-boundary conditions
at x =0, v=0,h=2 N
Cat x = 100, h + v*/6lL = 50,
in particular to find hy, hyggy and vygge
Solutions are required for various values of the parameter k
(and if necessary alternative values for the other'coéfficients).
It is known that 0 < h, v < 56, Thus we cannot represent
these quantities directly inside the machine: -but by introducing
new variables #,  where .. |
h = 256 8 and v = 256 8, the equations and

boundary conditions become

d A. »s-‘.. 2
& = .o.01744 60 + f 6%,

%—2- = oA.00218125¢»"i52 , o
&g = 0, P10 * % €50 = 50256, in which

all relevant quantities lie within a suitabie range ,
k being such that £ lies in the range O < f < 1. The general
behaviour of the equations for a given value of ¢o is shown in the

accompanying figure.

ﬁo . ‘.;.__‘;_;:.. -~ 5 J’# 0

AY

x =0 _ - x = 100 ’.x

The broken curves corrsspond to a small positive value of f,
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Method

The method is to carry out integrationsover the whole range
using trial starting values of @. At thc end of cach run the value
of the difference 8 + 48° - 50/256 is cémputed and used to rcadjust
the starting value 4.

The programme makes usc of the following library routines:

B.DiC.INPUT  for rcading in the coefficients occurring in

the equation;

B.RUNGE-KUTTA for advancing the integration;

SQUAREROOT/A  for calculating v 9 ;

B/ROOT/A for adjusting the value of , ; and

PRINT/A for printing the final value of f.

The programme itself - the 'cementihg' instructions =~ are
embodied in two further routines. The MASTER routine and an
AUXILIARY roﬁtine (for B/ROOT/A). These are briefly described
below. The detailed instructions are given on the following pages
together with the distributiph of working space and the make up of
the complete tape. In order to follow all the details it will be
necessary to study the specifications of the library routines
involved, particularly those of B/RUNGE-KUTTA (p.?.li) and B/RO0T/A
(p.6A.%) |
The MASTER routine

This stands in column U, thus forming part of a WORKING PERM.
The DIRECTORY stands in column I. |
The MASTER routine initiates, in'thé order given, the following
Operatibnsz ’
1., Calls in B/ROOT/A to compute £ ,3
2, Prints the values of 2568,/100, 2568140/100, and 2568 5,/100;
3, Calls in B.INPUT (as an ad-routine) to read a further
value of the parameter f, or further values of the other
coefficients. '

The AUXILIARY routine

This sub-routine itself consists of two parts.
Part 1 (which stands in column %) is a main sSequence having

the following effects:
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1. Scts initial values By and 6,;

2 Clears the q locations (see spec. of B/R \UNGE~KUTTA)
3, Calls in B/RUNGE-KUITA for 100 steps;
L

. Forms ¢ + 46° in L;

5. Returns to B/ROOT/A.

Part 2 (column D) is ﬁhe suxiliary séquonce required by
B/RUNGE-KUTTA for calculating the values of 2"hB' and 2"he, where
h is the size of step and m 1is so chosen that these ouantltles are
represented to a roasonably good precision,but without exceeding
capacity., The values h=1l and m=0 were chosen for this programme.

The DIRECTORY

An electronic cue DIRECTORY is used, Thls stands in lines NU
to MU inclusive. In the 1nterest° of time economy certaln routines4
are called in as electronic routines and in these~cases separate ‘

entrics are needed for reading in the routines initially.'

[ MAGNETIC | ELECTRONIC | . |
ROULINE '! STORAGE | STORAGE | ~ i CUE
B.INPUT // ‘ GE//

R 4 /A@/ |

T . T T T [Column . £1//
MASTER / toleetronie!

e | U MRV

B/ROOT/A o/ 5L s1 | usual 59/@
| £U//

AUXILIARY 1/ 5R Sk usual s/bé
B/RUNGT-KUTTH %/ 4L S0 lelectronic! §§£§
SQUAREROOT/A | B/ | 4R 51 tolsetronte! |50/

[P ) cz//
PRIN T/A N/ 6L SO usual 17//
B.DEC,INPUT |C/ SO & S1 | usual’ /1//

E 7 u/@/
B/RUNGE-KUTTA & entry used for the purpose of reading| :/@/
SQUAREROOT/A these routines initially and subsegm-
ently for transferring them to S0 &

S1 (see note below). l |

v

Note. The routine B/RUNGE-KUTEA and SQUAREROOT/A are transferred to
SO and S1 by the instruction standing in line :% of the AUXILIARY

routine. They remain in .the electronic store for the duration of the

integration,
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A
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WORKING P=ZRM

(DIRECTORY and MaSTER ROUTINE)

sée p.+.28
Ul
7 set L and M as required
4 by B/ROOT/A

} call in B/ROOT/A

st
==

TNndaas™s

set counter to print 3 numbers

form 2560 2568
2670 £86 100

iz M for printing
set digit layout constant

, and 2566100
100

call in print routine

test for end of printing cycle

return to read

tape

control number:also digit layout constant

0,64
0
E

initial approx. (see specification
of B/ROOT/A)

<O HQA<LYOQUEZEZQOF << WO N\

[ A Y E——, ) |

SNOND N NN NNNNNH T HE NN N

NQcce NnadW ol ..

t
]
t
|
i

HNH N B
> -

NN\ e
NN R
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AUXILIARY ROUTINE for B/ROOT/A

- Part 1 Part II
. 1 : :
_ 1K/ %Y K/ DT|D!
encaR-yset fo (IS SRR N2 0P, = ¢ nmm
rlear GiI R T AIBIED GO Jcall in SQUAREROOT/A:
locatioins o~ / RTAl@GS/ Pl | L /3
SS\GB/ LU“GL:aI’U}T; @ R ;A AR / é v p o +j =
~—SQUAREROOT/A) ™S[M I / :+|:|RR T A
set count |W % Y o|g|R r / c||form and plant
call in |I % 0 0|I1T 8 T /||.00218125/%
B/RUNGE~KUTTA %S / Plulc D/ N1 (= g')
- E/‘{{X%%gféz
test for 100 steps |H 5 TIR|I R ; C| | form and ,,lglan{t ”
form 46° |TR / NINIE R / A (aae :
IR?NF%R?F = o
{IR/ N|C|3 R/ A )
f IR/ NK 2_/ / P. return to RUUGb-YUTTA routine
ﬁoithQ { g é g §4-00218115\ These constants are
‘return to B/ROOT/A |N.S / BILI giom| | rood from a number
“gom (AR 77 01744| ! tape with B.DEC.INPUT
S%//H = | i
Y 4
P
9 |
0 |
B
G
1]
M
X
v
£

WORKING SPACE: qﬁ; gy B, . g', and o' are stored in line pairs
/R to RR respoctively. Line pairs NR to PR'inclusive‘are'used as
. working locations by B/ROOT/A. ’ |
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Layout of Tape.

. . ot it e - St 20 i e

Main tape

HCP H1/
T ' Gc/

l WORKING , . FCDA

ST L S,
YKP :
YTP | c
P ; ' YL/
| B«DEC. INPUT ! = e/

Q@/

; , Qe/ .
 PRINT/4 ! : Q@/

YO@
KTUAL/// , parameters

NR// ded b
R://(€ = ‘15),33§08T/Ay

YG@

! B/ROOT/A
i —_
Y:@

l AUXILIARY
i SUB-ROUTINE;

Yi/

Keuve/// (n=2) "

B //(m-O)
parameters

!
|

£é// needed by -
%B/RUNGB-KULTA

Do
|os ]
~
\

B/RUNCE- |
KUTTA i

S QUI‘L}.L._J
ROOT/A

wie
ZZ¢'00

00218125+
Ol7h#+ - ' of diff. eans.

Number tape

read AUXILIARY routine  to
call in B.DIC.INPUT  (Sk
} insert

coefficients

return to B,INPUT -
rewrite AUXILIARY routine
calls in MASTER routine

restarting sequences
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Example 5

e ot e e e+

Forward Intregration of a set of

Simultaneous Differential Equations

Ceneral

This example relates to the solution of a set of differential
equations which arise in the subject of internal ballistics, -

The problem has already been programmed for the EDSAC = the
electronic digital computer at the University Mathematical
Laboratory, Cambridge - and the fdllowing account is taken from
pages 39 - 41 of Memo No., 7/51 by K. N. Dodd and A, E. Glennie,
Armament Research Establishment, Fort Halstead, Kent,

Simultancous Differential Equations

“The second problem is to solve the equations:

2, . '
i%:-v -r(1=-%) for 0% E¢1 eenoes(l)
a2 o = B
- ﬂ‘ ’ : for K E > 1 . ooooto(z)
b = (l"" 5, - B D)’ﬂ' ot (y - lr'n dz oooo-o(3)
| , Jo
a _
a%. - %?k (1 - m) T . ' ovoooo(h)
where 7, % , @ are functions of r.
_ -4k .
It is given that when t = 0, W=r,and % =& - 0. B, ¥, T,

M

-

6 are constants. .
- It is required to find the maximum value of 7t and the value of
& at whieh it occurs and also the value of & ,-%E and W when

- 40 15 80 | | |
g = %-, 49 16 81 and 1. These things are required for various

values of the constants B, ¥, r, and %§4 .
dy
It is known that & starts noar O and runs to 1 and % , 7o

and 7 are likely to obtain the value of several units., All are

positive.

(1)

It was decided to use the sub=-routine G.1 fo solve the

equations. This necessitated reducing the equations to the form

r _ -
yr - fr (Y1, y2,oco,yn) = l,ooo,no

Also, the values of the variables must not excced unity (i.e.,_the

capacity of the machine) so it was necessary to change the variables
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in the equations.
First, equation (3) is differentiated with respect to t:

da - . an , faz do’ e
gt =1 *rE-BR) Gt g BTy G- D) g
so dfr. z - = g—g N - v gé e 0 8 00

cTE" (1L + & B @) n (L+BW) =¥ T .(3a)

Thq following changes of variables are made

%‘g‘..:.lOOn
£ = 100 X
= 100 P
p - 10S

Powers of 10 arc used as factors so'that the printed results
contain the same digits as the values required.

Inscrting these changes in equations (1), (2), (3a) and (&) and

P

: M :
writing J = K for simplicity, we obtain the equations
an - op_. s ! 0 < y
d.t = P I‘o (100 - x‘. for O§ X < 100 ‘ ooooov(lb)
= L —"" o.oolco 2
}P vfor X > 755 (2b)
aP _ (1 as ! 1 % = p BS| +..(3b)
dt"‘ "@‘66* BRf =¥ 1 '{l/l_lOb-‘-x-lO}
=2 a ios)“% P. vesens(b)
JK :
We also have the equation x ; ~
a‘E‘ = ‘( . ooooo(Sb)
o N = — = ...:!'..
The initial values are { =X =0, P 60 To°

From equation'(3), putting ¥, = O we obtain
5=(L-Bo)v = (1=-B0)r,
ro/(1L + Bry) | |

d = -_l., ..-w--.?_O_.. |
oS TSy TR ) initially

e

L

2|
It

- _To/100
(1 + B Tl
;15 M)

This last step is taken because otherwise the denominator

would coxceced capacity as B and r_ are positive,

o}
Having got the equations into a form suitable for machine
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computation, it must be decided what printing is reduired. It is a
waste of machine time to print outfunneceésary values so arrange-
ments must be made to print out values only at certain stages of
the calculation, |

It was decided to print ¢, X, S and P in four columns, to 10
decimal places, with a space after the fifth digit and three spaces
bctween columns, P,11 was used for printing,(z) The value of o
is tested after each step of the integration. At first it 1s tested
to sec if §=9 . When this occurs, the values of ™{, X, § and P are
printed for this and the previous step. The values of the variables
at © = 5/9 can then be found by a linear interpolation on a desk
machine, This interpolatién might have becn done in the machine
but therc was insufficient storage space available. After that, the
test is alterod so as to test for’m:>%8 .. To test for the maximum
0f P, Py = Py_1 is calculated after each stop and the sign of this
is tested, As soon as it becomes negative, Pn-l is prinfed together
with the correspondine values of n, X and S, - To distinguish this
line of printing, # is also printed.(3)..... the values of B, ?;ro,
andlKlwere fed in at the"Beginning of the calculation of each set
of solutions, By,a'“set of solutions" 1s meant all the'required
information for a given value of each of the parameters B, §, T,
and K,"

(1) corresponds to B/RUNGE~-KUTTA

(2) . w w n w DEC OUTPUT/B (but the style of printing
will ke slightly different)

(3) a different dev1ce is used in the programme given herec.
With these exceptlons the whole of this account remains valid.

In addltlon to the two routlnes a;ready mentioned the following
library routines are needed' o o

B.DECINPUT to insert dec1mal information into routines;

B/DIVISION/C to calculate Sy and P' at each step;

SQUAREROOT/A to calculate S' at each step.
The operations described in the last paragraph of the account are
embodied in a MASTER routine. The calculation of the derivatives is
the task of the AUXILIARY séquence which must be prepared for use
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with B/RUNGE-KUTTA. To follow these routines it will be necessary
to study the specifications of the routines involved and the
distribution of numerical information and working locations (which
is given on pages 4A.35 and 4A.36.

The AUXILIARY sequence

This sequence of instructions is intended to be stored in Sk
and a few lines of S85. It is transferrod to these stores at the
beginning of each run (by the sequence LO@ on the number tape) and
remains there for the duration of the run, The iﬁstructions are
given on p. .35, together with explanatory annotations. The effects
can be summarised as follows:- “

Given values of %, X, S, and P in the line pairs 3C, RC, NC,
and CC, the routine computes and places the values of 2mh1!, 2th',
2th', and 2 P! (defined by equations 1b to 5b) in OC, GC, MC, and
VC., h is §E~ so that if m = 5, then 2"h = 1. 1In order to alter
the integration step it is only necessary to alter a preset
parameter. Thus a set of solutions with h = gﬁ can be obtained by
changing m from 5 to 6,

The sequence uses SQUAREROOT/A and B/DIVISION/C as electronic

sub=routines.

The MASTER routine (corresponds to electronic storage SO and S1)

The instructions are given on p.hA.jh. These are best followed
with the aid of the flow diagram given below. The correspondence
should be fairly clear with the exception of the arrangement whereby
the test of the sign of Py~ Pn-l is by passed once this becomes
negative. This is achieved by making the actual test instruction,

FE@H in line @E, subject to modification by B2, Initially B2 is
cleared, When the maximum has been reached B2 is altered to ///@
(by instruction QELG in line RE). Thereafter the actual instruection
‘corresponding to FE@H is FE@P - the unconditional transfer. |

The printed information corresponding té.the maximum of P is
most conveniently diétinguished‘by the fact that it is only necessary
to prinﬁ the values of the current variables - not the current and

previous values, (If interpolation for the maximum is contemplated,
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then it would be necessary to brint at least three sets of values),
The storage space and time requirements are almost identical

with those of the programme prepared for the EDSAC.

EDSAC M.U.E.C/MK II
} MASTER routine 72 orders 68 instructions
AUXILIARY routine 75 orders - 69 instructions

In both cases the average time for the calculation of a set

of solutions is about 10 mins,.
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rcad vaiues

of B, y, P
and K.

4

clcar the q

locations

e b n oo s s————— o S 45« s

sct initial
values of
variables

T

“.
set § =k ‘

e

!
i
Vi ——— {
'

rbnl£cu revi-

ous valugs by I
conies of
eurrcnt values

J

t

i
call in

B/RUNGE-KUTTA
tg advance
sLep

—n ———

‘test sign of

+ et ot et 4o e LRep— PR

' Rn ~ Ppa1

{1 P ‘ i * . jarrahge to print
‘ L"___;___ by pass e current -
A this test | ~ |[values of !
hereafter lvarlables 1 l
-test if £
| S 2 aj | \ | <0
- «le S T T ST e ! N
J 1 ' pgé%tbﬁgrp1 N reduce , test sign -
UV mo s Plaw Pl s L
[ S if so varlabies ; _ ‘ _}g)b
if not i
<
1 1 0% , .1 19 , _1 8 , .1
=505 3T ot hke %27 1016 "1 710" 81 0 IO
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The DIRECTORY.

An electronic cue DIRECTORY is used This forms vart of a
WORKING PERM and occuples lines RI to OI of S3 inclusive. (The
electronic routine B/DIVISION/C, standing in column U, is the
other material in S3). The following table summariscs all the
information required to form the cue DIRECTORY.
| | MAGNETIC| ELECTRONIC | myup ‘
B, INPUT // GE//
/AGQ/
MASTER e/ 4 | s0 & s1 usual %ﬁé&
. @///
DEC.OUTFUT/B | :/ | § S0 & §1 | usual s/e/
R | /117
B.DZC,INPUT 1/ 6 | 80 &S 1 |usual \
S - 1/@/
. ' ££//
B/RUNGE-KUTTA| %/ 7L SO  !wusual u/e/
Part of column U L £1//
B/DIVISION/C | R/ |\ omr1ne | electronic| 7
PERM _ =577

SQUAREROOT/A | N/ | 7R S1 electronic| ¢
| //£/
AUXILIARY entry needed only for readlng in 5/@/

initially

Note: The magnetic half cue of B/RUNGE-KUTTA ‘is chosen so that

SQUAREROOT/A is also transferred to S1 for subsequent

entry as an ‘'electronic' routine.
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WORKING PERM

DIRECTORY and B/DIVISION/G

l=

IIKRRK

BEHOWOODWHNAWOO W IO B b 4D 52
NN N NN NN HT F NN NN NN N

Q
o

K/
/IQU/ U
|E|IS/ N
@IS N
A : M
: S J
S : Q
IlBU/ J
UTI
13075
. - IDIBU/E
/{G E/ /|R|T U / H|
E|/ A@/{J|SUTZ£
@£/ /|N|IST/
Al: /@/|FIBU/ K
i@/ / /|clqu/J
Sis/@/iXjqUu /D
I(/////TIQ U/ A
UtI/@/{z|lBu/D
1€ £/ /|LIBU/E
DIU/ @ /IWIE ¢+ / M
RI£I/ /|HRU/P
JV/ /7 £/1Y|IQUT /
N 3 g / 5 PINS/ P
F £ /]9
cl¥/7@/0] %
B
G

-
-

M

test sign of divisor

cbange sign of divisor &
dividend 1f former is =ve

shifting cycle: shifts
divisor aﬂg dividend until
divisor > [BUJ 4= D

[BU], s = b-1 = ¢4

repetitive cycle
8+l T 3y (1 = cp)

Ch+l = “Cp

\-.

jtest for end of process

(L, = 8/
élos‘ e

.working space-
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<mom><moomzo>qzo>zzo>>>>>>\<wooo

AR DN L NG W 1 N NG NG NN N N 0 NS Vo ol

MR NEZHOO <O E e @O < <8\ Db ®NHEHOQ® AN
NONEONANAQURRGOGRRFARNRNOQOQQQOQUWNUI N oo

Hh < PR

LA 3k

MASTER ROUTINE

clear B2

set B3 (23=8)

“ecall in B.DEC.INPUT:

}reads B, ?, ro & .k
T ¥ &

_set round-off

clear the q
locations,

set Y 0
set X 0

|form and plant r B

(3

form angogiant'

‘ot 1% |
~form r '

/100 10 M
J f _ 1 . roB
‘ca11 in B/DIVISION/C
- 1= r /100

- P o e

10
call in B/RUNGE~KUTTA

-

td

L
<

_test sign of Pn‘_Pn-l
if =ve, then maximum
_thas been reached

set block constant
Jeall in DEC. OUTPUT/B'
Jprlnts Tn, An, Sny
and P

4L ,
QWODKIITE HNHEXRQ M Z PO H G- > ENRN

¢
P a8

OOQOOOOQE’JQOE‘%Q\I" NoEEsEEHOQOQO

MEREEEEAENSHENNNNNO HEE N |
nuem<wo\<&>\>\>\>\mZWQ\\@<mO\mmw

| J—

b g O I 2 50 RN © 2O B 00 @ os 0T D QN

I

N E©ND

h <>

NN ONNNE=ENNO RN

BEro R RREF e 0 E
\\\.'U .o

NONON EHEE .

FOEN

Iblock constant

B2l = ///@ 1
comR%re S with o 9

JIO 191 7o° 12 70" 81’
0T £y

replace Yn—l’xn~i’
Sp-1s & Pp1, bY
copies of Yp, “ps
'Sy, and By. |

return to B/RUNGE-
KUTTA -

prlnt current and

previous values of

1, %, 8y and P.

reduce value of 2j by
2; test for end ofrun
~1line feeds to space
lcomplete. solutions

return to read new
set of parameters
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AUXILIARY SOQUENCE

/.
ame
-Ji~Jform

Al _XinlL

100 1
test if X > =

EPERE TS

1

<< NE S ZORR
oommmw»\nOQOO\

IMU

plant {* ©‘100

!
t

Jixs

%muoq

qmzo»Hzo><wOZOszzm#QHmo>@"zzm

[Lq; 1-108

e v b s

A L Ao 108

-

d<aoa<d<HH<<ZomN\<<=EZ®oQH-..

SR QSRR DR R R N\ DN R
CONNNNNHENNHENNS NNHENNHE NN E NN AN N

b /17-7108
K
- in VK

100

y
0*100 )
p or P-r I X} (=

! = /(1-108)

Iform and plant

Jform and plawtl
::....S!
10

-x

return to MASTER
routine

D

\(')

The following constants are stored

in column J,

[/ 3 =10
‘:@ J‘f = O'l
{: Jip = 0.1(80/81)

JUA = 0,1(15/16)
fg Ju. = 0.1(40/49)
'R ;ﬁﬁ = 0,1(5/9)
(v Jj; = 0.01

R

.
[

s I

round ff

St

form and plant
BS

form and plant
_BS+X+_L.
10 100

R

1)

R A YN A N \\\.'H NNHENNG”

QUWOOUKINEZCNMARNQEZ N YOG H N« =EEN
W%Wﬂbzzdbz»oqzzo>qqmn>szo%zo"
o
v
+
=
=
5
=

s

oY 1 l, -
{ Py +10 s' (BP+100)

Lset divisor

QR <®BPOE<S<<ZN\NQOAZTOQOHNNZE N< <=
REQRAFRFOQERRRARRQRNUQQRRO R RQQ GUR NNe N

h<gi=

_call in B/DIVISION/C:
L, =P

N<WQANR

o @D EIN

NaNmEIN
NHNND W
gr<<mgon’

return to B/RUNGE-
KUTTA

The constants are read into these locations by torminating the

punching proper with the following sequences

K/J@r///
////
GI/
RWII+

09876543210+

09375+

08163265306+
05555555555+
O1+

C

e e e oy
o

calls in B,DEC.INPUT

these sequences are
read by B,DECINPUT

returns to B,INPUT
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DISTRIBUTION of WORKING LOCATIONS in columns C and K.

o /| B K |
q @ -
X (AL T
qS S rO.._.__.
. _
B g — l{t_/_l.{..
current i n |p
B e £
values of 7 mjgl_ 3
the Y S N
. t' . F
variables ( —3 " |c
N n o
,’ o ——_ - 2821 S - T
previous x ‘n=l |7
et
values of ? Xn-l W
the s
variables ___,9:}__%
| Pn-l Q
TS0
|G \.
X' i } 1
g! % { Miscellaneous
v t\ working
P! e '} locations




MAIN TAPR

KQD@ FSTE
RIUF

1

]

]

1

|

|

1 Cue
5 DIRECTORY
]

{

!

i

1

]

\

]

B/DIVISION/C

MASTER ‘
YN@

DEC . OUTPUT/B

YC@

iB.DEC.INPUT J

_f§m@“

KBUUI///
J://
v://
£0//
=C//
7677
oc//

\SQUAREROOT/A |

PR R ey

\, AUXILIARY J
wo@

ZZ‘...

o om e o o - o om o e = e m e e mm

(B

LA 437

Layout of Tapes.

WORKING
PERM

NUMBER TATE

LO@ AUXILIARY to Sk & S5
0@/ enter MASTER routine
F/Ks -

+ - (B)

65+ (y/2)

+

6 (.g)
35355339059+ (175



Chapter 10
OUTPUT ROUTINES

(by R.K.Livesley)

In preceeding chapters various references have been made to
routines for printing or punching out information contained in the
store. The purpose of~§he present chapter is to give a more
systematic acc¢ount of tﬁe library output routines available.

These routines fall naturally‘into three groups, the effects
of which are as follows:-

Group 1 . .

Numerical data or results are printed out in decimal form =~
either as integers, fractions, or with floating decimal point,
Group II | _

The contents of certain stores or store lineé are printed,out
in tecleprint form. The main use of such routines is in the .
checking of programmes fo:‘punching errors.

. Group III

The contents of certain stores or store lines are punched oﬁt
in a form suitable for use with one of the'normal input.routines..
These routines are useful in prdducing programme tapes,

The following system of titling ﬁas been adopted i~

(1) Routines with the title PRINT give.useful output on the
printer only. , | A o

(2) Routines with the title PUNCH give useful output on the
~punch only. , _ _
| (3)v Routines with the title OﬁTPUT'give useful output on
both printer and punch. | .

(4) A prefix B or A indicates that the routine is only
sﬁitable for R.C.S/B or R.C.S/A respectively. Routines with no
prefix are suitable for either R.C.S, although the correct entry
points may be different.. |

(5) Separate routines in a given class are denoted by a
letter suffix. In general the suffix only indicates the chronologi-

cal order of composition.
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Group I. Output of Numerical .results,

Various routines have alrcady been issued to give certain types
of numerical output. The routines FC:DECPRINT/A and B/DEC.PRINT/A
arc described elsewhere in the handbook (p.5,13A and p.4.8). 4
set of routines bearing the general title, DECOUTPUT, are described
bolow.' It is hoped that'they will cover most_printing requirements,

In connection with these outpﬁt routines certain conventions
have been introduced. They are as follows:=-

(1) All operations connected with printing layout (i.e.,space,
carriago return, line feed) are produéed by sending the appropriate -
figurce shift character (Z, L, W) to M,‘and obeying special magnetic
function T, This takes more space in the routine than merély
obeying Z , L, W, as special magnetic functions, but has the
advantage that if output is by punch, these characters are actually
punched on the tape., Thus if the punched tape is subsequently read
by an ordinary teleprinter (on figure shift), the layout originally
produced is preserved, | ' |

This facility enables programmes in which printing takes a

. large proportion of the total time to be speeded up by using the

punch output. The punch is about twice as fast as the printer, and
the tape produced can be printed outvafterwards.'
"~ (2) 'No stores (other than A and D) are altered by the routines.
(3) The accumulator is left clear at the end of the routine.
(%) Routines opefate with both R.C.Seduences. As in the case

function routines, the symbols x and y denote oither| L] and fM} or

{/ Cj and [@ C} , according to which R.C.S. is used.

(5) All one page routines occupy Sl.

(6) A suffix P indicates printing on + conveéntion. Routines
arc otherwisec assumed to print on the % convention. -
There are at present 6 standard routines of the above type.

Tho first two, DECOUTPUT/A and-B; are genéral purpose routines
designed to print both integers and fractioné. These routines

contain devices for the suppression of irrelevant printing (such as

the initial zeros before a small integer) and are thercfore more
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suitable for cases where time is important than for layout. The
other routines, DECOUTPUT/C - /F are designed for layout work, digit
and page layout being provided.

In all routines the layout constants (i.e., no. of decimals,
position of spacecs, no, of columns) are preset parametors contained
in the last few lines of the routine. The style of printing is
specificd on the box containing the library tape, and this may be
altered’ by the programmer when copying the fape 47 »couired.

Routines for Printing Single Numbers.

These arce all one-page routines.

Name of Routine. DZCOUTPUT/A.

Cues R.C.S.A /@L£BPEEZ.
R.C.S.B A@//...@. .

_ 1 - g
Principal lines .[/ A}og = EA/: Preset lines ]£ A 39 (see effwcty

Purpose. ' To print single numbers with both integral and fractional
par'b .

(1) The routine ﬁrints'x+f * Yy That is, y is printed as an

‘integer on & convention, followed by x as a fraction on the +

" convention, It is assumed that | Y+ | < lO“.f If this is not so

. the integral printing will be incorrect.

(2) No carriage return or line feed 1nstructions are included-
these must be previded by the;programmer in the calling-in rout;ne.

(3). Printing is as.follows:i= | o

(a) The integral_part is printed with suppression of initial
irrelevant zeros and preceeded by correct sigh.

If y = 0, then '+ 0! is printed.

(b) The decimal point 1s orinted. |

(c) The fractlonal part is printed to n decimal places where
n-1= r£ AJég . If however the residue (i.e., the quantity
" remalning to be prlnted) is zero at any stage, printing ceases and
the routine is left. Thus if ‘£ Alo + 2 39, the fractional part is

printed to its terminating decimal figure.

L4
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Notes

(1) The routine is useful in conjunction with DIVISION/B, fhe
sign convention being the same in each case.

(2) ° To print numbers as fractions on the % convention.they
should be sent to the accumulator with a T/ instruction. To obtain
printing on the + convention a T3 instruction should be used.

(3) To print numbers as integers on the % convention, clear
the accumulator and plant with a /J instruction., Printing will then

cease after the decimal point.

Examples.
Xif I, ~ Printed as
///1///T, E££EELLEL - =0,5 | A - .
///////T /7777777 +0.5
1711117, SELLLLEL -26,875
///////M c/////// +26,875
//////// EELELLLR -1,

The instructions of DECOUTPUT/A are given as an example of'
both integer and fraction printing cycles. |
Name of Routine. DECOUTPUT/C.

. Cues. R.C.S.A (1) /@VLPEEZ
- - (2)' E@VLPEEZ

R.C.S.B (1) :@2//...@
(2) se@//...@

Principal line. f/ Ai 19 = @e/n |
Preset lines. [M AJ , (v A]ég , [£ A]é9. (See effects)

Purpose -

*

To print single long lines as integers with digit layout.

Effccts.

(1) X, is printed as an integer, preceededxby'correct sign ,

and followed by decimal point. If'entry is by cue (i), a carriage
roturn and line feed occurs after printing. If by eue (2), .two
spaces eoccur after printing, . | ”

(2) h digits are printed5 wbere n 12, The following lines

must be preseti-
- 19 r - 39 -
[V A]O = n-l,[ M Alo = lOn l. (Values are glven in F1gA 3)
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If a setting is made for a value of n < 12, then a number

grcater in modulus than lOn-l will not be printed correctly.

o 19
0]
commencing at the most significant end., Only that part of the line

(3) Layout is determined by examining the line [£IA1

containing the n most significant zeros is relevant, Each digit is
examinced in turn and the following aétion taken:= 1 |

(a) 1If digit is a O the next decimalldigit is printed,

(b) If digit is a 1 the teleprinter is spaced.
Examples

.19 . 39 - .19
Lv aly [b@Ajz9_ [£ AJ39 Style of Printing

31/ //GFU:X@  T5:@ 12 digits, % blocks of 3
s/// JYBAIIII @ 6 digits, 2 blocks of 3 (If |x|¢ 10°)
1/// /LIV// /7 o T5 7 digits, 1 + 2 blocks of 3

.

(If nd<1ﬁ)

Note. When using R.C.S.B. the number should be placed in L with a
T % instruction., R .

Name of Routine. DECOUTPUT/D.

Cue. R.C.S.A (1) /@@ZPEEZ
— (2) EEG@ZPEEZ

R.C.8.B (1) :@//...@
(2) se@//...@

- -

Principal line |/ A]é9 = Vi/J Preset line |£ Ay (Sec offects)

Purpose.

To print single long lincs as fractions with dizit layout.

- Effec§§

| 2

(1) x, is printed as a fraction, proceeded by correct sign and

decimal point. - If entry is by cue (1) a carriage return and line feed

“occur after printing. If by cue (2), two spaces occur after

printing,

(2) Layout is determined by examining the line f£'A]é9

commencing at the most significant end, Each digit is examined in

turn and the following action takent-

!




10,6 —
(a) If digit is a O the next decimal digit is printed.
(b) If digit is a 1 the teleprinter is spaced.
(¢) 1If two consecutive 1l's occur together the routine is left.
(This layout schemo is the same as that used in B/DEC,PRINT/A).

Note. When using R.C.S.B the number should be placed in L using a

T% instruction.

Routines for Printing Sequences of Numbers.

Thesp routines are all two-page routines. Numbers are printed

in m columns, where m is a preset paramoter, The following pfOperties

are common to all these routines.,
(1) The numbers to be printed are specified as follows:= .
%]y
=40

o fx]39 = address of first line
- -20

n

number of successive long lines

(2) Each number is preceeded by correct sign5 and the decimal
point is printed.

(3) A carriage return and line feed occurs before and after
printing. Hence, if the routine is entered repeatedly a double line

feed separates the different blocks of printing.

Name of Routine. DECOUTPUT/B.

Cues.. R.C.S.B (1) ////QEEZ
o (2) 1///QEEZ

R.C.S.B (1) @///..Q/
' (2) #///..@/

Presct lines - EV @ﬂgg y {V A]é9 y [ﬂ A]é9 .

. gty 8 e it S + S n ¢

Purpos%. To print sequences of Integers‘or Fractions;
Effeccts. '

(1) The routine prints a sequence of numbers as fractions or
integers, according as to whether entry is by cue (1) (fractions) or
cue (2) (integers).

(2) 1If the contcnt of -a long line is zero, then in either case

'+ O'only is printed. When printing fractions this effect causes

lines to appear offsat and may therefore be undesirable. It may be-

‘ 1
suppressed by altering line fD ﬁ]o9 to A:TE,
‘ [ .
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(3) Printing is in m columns, where m-l = f£ A]é9. Each
column is scparated by two'spaces. (But see Note 4).

(4) Printing of Integers. Printing commences with the first

non-zero decimal digit (but see note 2). This means that integers do
not appear in columns unless they all have the same number of decimal
digits. '

(5) Printing of Fractions, Each number is printed to n decimal

places, where n-1 = fV A]é9 . If round-off is desired, the long line

- =1l . . '
[V @Jg9 should be set to 5 x 10 - otherwise 1t should be cleared.,

The following table gives the maximum number of columns which

" may be allowed if the printer is not to exceed the capacity,

No. of decimal No. of columns Round~off
places. : ) . 39
‘ V@
. vl

2 11 FIWBNIWE

3 9 " ASHMGLS/

1; 8 I&[DNTZ
-9 . V@QFHE

6 -6 PEQUS///

7 6. mwor////

8 5 /PYR////

9 z aJs/////

1N 12//////

11 L QE//////

12 4 I///1177

Name of Routine. DECOUTPUT/E.
Cue. R.C.S.h. //ANQEEZ
R.C.S.B. @///..@/

, ro 319 39 19 [, ,119
- Proset Lines. [ 4] 7, [ 4]g L Al 24T
A.gurpose. To print sequences of long lines as integers, with digit

-layout,

Effects.

(1) This routine is the sequence version of DECOUTPUT/C. The
purpose of the lines MA - £A is the eame as in that routine, and the
layout scheme is also the same., | .

(2) The number of columns 1 is determined by the oontents of
l“ A119 This line should be set so that L" A} 19 = m~1, Care should
be takon not to exceed the capacity of the printer.

[
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Name of Routine. DECOUTPUT/F.

Cucs. R.C.S.4. //ANQEEZ
- R.C.S.B. @///..@&/
R FERES o 2119
Preset lines |M A]O . [£ Alo

Purpose. To print sequences of long lines as fractions with digit
- layout.

nffects.
(1) This routiné is the sequence version of DECOUTPUT/D. The
1 9 . .
layout line {£ A}O has exactly the same properties as in that

routine. |
- v- 19 .
(2) The number of columns m is given by m=l = [" A}O as in :
DEZCOUTPUT/E.

Routines for printing ci the Plué«Convention.

It is occasionally desirable to print numbers as fractions or
integers on the + convention. Modified versions of the routines
described above exist for this purpose. Their propertles are in all

T routines, and all layout constants,

cases similar to the appropriate
etce., have the same efféct. The cues are in all caseé the same.
The .routines are :i=-
DECOUTPUT/BP
DECOUTPUT/CP
DECOUTPUT/DP
DZCOUTPUT/EP
DECOUTPUT/FP.,
The following points should be noted:-

(1) Routines for printing integers (i.e., DECOUTPUT/BP, CP, EP)
will only print correctly infegers less than 1012. Numbers in the
range 1012< x < 2#0 will be printed with a space in front of the
last 11 digits instead of the correct printing lO.

(2) Routines for printing single integers and fractions i.e.,
DECOUTPUT/C & -Dy may be'used, with R.C.S;B, to'pr;nt on the +
convention, It is merely necessary to send the number to L with a
T/ instruction. If however the + version is used, printing will be
on the + convention irrespective of whether the instructlon is T/ or

1
Iz
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Group II Printing in Teleprint Form.

There are several routines used for printing out instructioné in

teleprint form. Two such routines for printing out the contents of a
- single store areARAGEPRINT/A and the routine genérally known as
ENGINZER'S OUTPUT. A description of the former has been issued. '
latter routine has the advantage of belng kent pcr;anently in tShe
na~ ztic store.
It is normally used manually as follows:=

(1) The required page is brought to Sk

- (2) The routine is brought to S0 from isolated track 15R.
. (Set H = K/E/).

(3) The /L stop is switched on.
(4) KaCc, KBC, KMC, KCC are operated.

(5)° Completion signals are switched on.

Printing is in 8 lines, each line containing 8 short lines printed in

teleprint form and each separated by a épace. The routine stops on
a /L instruction. A new page may now be brought down to Sk énd
printed out by operating KAC, KBC, KMC, KCC, and switching on
‘lcompletion signals again. . | | |
"Group III

Output of Punched material for. use with

one of the existing Input Routines.

Various routines have been issued from time to time for the
cutput of routines in a form sultable for use with an input routine.
In particular the routlnes Output C and Output D will punch out the
contents of Sk for use with A/INPUT. The reader is referred to the
appropriate specificatidn sheets for descriptions of these routines.

The routine B/PUNCH/4i, (for use with scheme B'only), is now
available on a wired-off track.’ "The details are as follows:=
Name of Routine B/PﬁNCH/A. (Author A.E.G.). |
Cuc E///EKE/. |

Purpose- To make punched tape coples of routines, or other material,

stored in the magnetic store, in the (teleprint) form suitable for
rc-input with B.INPUT, |
Magnetic storage. Isolated on 106R (19,10.52).

-

i
i
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Electronic storage. 50. Stores altered. &1,

If the DIRECTORY is standing in 86, S7 when B/PUNCH 1s called in,
the effect is first to scan the input tape in search of a meaningful (:
sequence of the form x a b, wheré x is any negative (i.e.,2f16)
character. For each such sequence encountered the subsequent effect
is to punch the "punching proper" of the routine corresponding to the
destination sequence Y a b, which is also punched immediately aftef
the punching proper. Finally B/PUNCH returns to scan the input tape

for another sequence. The routine has no exit and this process

continues indefinitely unless interfered with manually. . -

For one page routines the punching takes the form
| K/%/ (lst column)

K/D/ - (2nd column)

Y ab
for SO (or even page) routines, and

K/R/ (lst column)

X/J/ (2nd column)

Y ab
for S1 (or odd page) routines.
For two page routines it ‘takes the form - | | £

| " K/4/ (1lst column) '

K/D/ (2nd column)

K/R/ (3rd column)

K/J3/ (4kth column)

Yab

B/PUNCH does not treat (correctly) routines for which the
magnetic half cuc o entry spnecifies, in digits 15 and 16, columns
other than the first, or which specify Weriss-cross" transfers
e.g., OO@E’ ..@, OO/E, .‘/A, Or ..Nl
.To punch out a set of routines with B.PUNCH it is only necessary

to prepare a small input tape bearing the corresponding destination
sequences., Thus, e.g., to punch a sopy of the programme tape for
Example I (see p.kh.l) (assuming that the complete programme and

DIRECTORY is already in the magnetic store) the following steering

-
-

: tape is prepared for reading with B.INPUT in the usual way.
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HTP ey N inserts cue to B,INPUT in line pair
KVDGR///BAR/ | yE of DIRECTORY

QVE ' calls in B.PUNCH

YTP K :

Y@/ ' '

Y:/ [ destination sequences of

Y%/ i required routines and

Y5/ \ other material (see p.tA.k4)

YR/ ;

YN/ ?

N.B, Since B.PUNCH has no exit it will continue to read tape until

* the machine is stopped manually. Opefation of the “run-out" button on
the punch will cause the tape to be extended by copies of the last
character punched - the 3rd character of the last destination
sequence., This is usually / or E and hence will be ignored by

"B.INPUT., To complete the programne tape Z's can be inserted manually.

DECOQUTPUT/A.
@a/H/Y |AJ£ A Q O|D| Set no.of dec.places
— y S % ﬁ g Entry for R.C.S/A. —1£ @ 3 :.?« Cleag A 0
' C ! - ! M A Set 4= 1
|@ C / J|a|fLoad accumulator @@/%N}Test irx=zo, If
—xsl7 @7 :|:| Bntry for R.C.S/B Figs. M A / M|F|J so leave routine.
~1G @ / H|S| Test Accumulator ilIP@T :|C| Clear A
DSTJIL ‘ @@/ NK| A =10x
BT I % |Reverse sign if -ve. .| 'I @ / A|T| Plant Integral part.
,+ @ @ / U|Z|| print -, planting 41@@T Az Plant residue
"1 INA/JTID ‘x4 |1n @@ 'V o2 / C|L|{} Multiply I?tegral
E A/ ¢RIC=TT I @/ N{W|/jpart by 23
-1/ @/ Q| H@ / I|H| Reverse A.
1'-1@ @ / U|N})plant x, in @@ E A/ :|Y| Print digit
“* l0A/ J|F} d i+t N E :Q G|P }Test for no. of
| B A / :|c|i@nd prin ‘110 A / T|Q|} decimal places
il @/ vulk| plant yy in :@ LD AT :{0| Clear A ’
~ IM 4/ C|T| Set Dy = 10 N S /_g B| Leave routine
/ :Q0|Z| Set BY = 0 / /UGl 1010
1 @ 7T F|L|]Test for y 2 0 ey p £
— R A/ HWUIf so, print O R/ / /M 10
M A Q O|H| Set B7 = 10 / 7/ /X))
~—\V : T P\Y| A =///01//5 80888888 [/ /) /I
s @/ JIP| A=//1111E Yy - ¥ / / /i£l No.of decimal places
G A/ J|Q| Subtract 1016 from M & ~1.
{ V : T I|0}{add 235 to L..Eventually ,
Lic A/ HIBUT contains 235 x dec. digit.
Je/ 1llc Reverselgccumulator
G ATNI{"| add 1010 to L. L now contains residue.
§ IS/ 5M| Tost whether dec.digit = 0
4 B ¢/ MIX|}If so & no digit previously printed
. “%'/ @/ Q|V| skip to @A. .
18 ¢/ J|£| restores M to original value
{HAIE A/ :1/]| prints decimal digit _
/ @ T B|E| Blots out transfer in line V@.
|+ @ T A|@]) .
: % é N|A ﬁMultiply residue by 10
H Atz i) ' '
. E : 3 G|S %TeSt multiplying counter. Note
—— | H A TiI{fthat B7 = 01if y =0
© |29/ I3 print Dectmal Point. .
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