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for a prcblem are held within the machine. Once such a machine has been loeded with

é. programme it cen proceed through the steps of the calculation at high speed and without
the need for human intervention. The term digital refers to the mamner in which information
is represented within the computer. Nunbers, instructions, alphebetic descripfions are all
contained in DEUCE as strings of electrical pulsen representing the digits of coded
information. DEUCE warks in the BINARY CCDE and an understanding of this is essential to
efficient programming end operation of the machine.

1.2 REFRESENTATION OF INFORMATION.

142e1 Scale of Notation,

For everyday use it is common practice to use the decimal (or denary) scale of
notation to represent nurbers. Ten symbols or cyphers are used to convey the notion
of no things, one thing, two things, etc., up to nine things, and these are written

0’ 1’ 2, 5, ses 9‘

When it is necessery to convey the notien  of more than nine things more than one cypher
mst be usede The order in which these cyphers are written denotes the order of the
quantity represented by the cypher.

As an example
5327

mesns the number which is five thousends added to three hmzdreds added to two tens added
to seven units. The 7 representing seven units is placed on the right in the least
significant position and the 5 representing five thousands is placed on the left in the
most significant position.

More explicitly,

5527

stands for the sum
5.10° + 3410% + 24107 + 7.10°

There is no single cypher to convey the notion of ten. This is represented by the pair
of cyphers 10 end ten is known as the radix of the denary scale.

If we use & radix of seven, no single cypher will be used to convey the notion of
seven. Again we use the pair of cyphers 10 end this time we need only seven single cyphers
to convey the notions of nunbers of things from nought to six.

In thils scale 354 stands for
3.7% + 5,70 + 4.7°
1022 The Binsry Scale of Notation.
Although the binary scale has been known for centuries, (it wes in use in ancient
China,)its modern importance derives from its use in electronic computers. In this scale

only two cyphers are needed, O and 1 representing the notions of no things or one thing.
The vadix is two and all numbers are counted as sums of two and powers of twoe

The binery number 11001 stands for

102 4 1.2° +0.2%

+ 0.2 +1.2°

which 'is the quantity twenty-five.
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The first eight common numbers are represented in the binary scale as

0= O 4 =100
1= 1 5 = 101
2=10 6 =110
3 = 11 7 = 111

The rules of addition in the binary scale are quite simple,
040 = 03 140 = 1; 0+1 = 1;

ere self evident; 1+1 = two which is written as 10 and from this 1+1 = O with a one to carry
to the next higher place.

Note that if e binary nurber consists of a string of ones as in 1111 (= 15), and one
is added at the least significent position, all the digits of the original number become
zero and a one appears at the most significent end.

eege 1111 +
1

10000

If this addition tekes place in a binary computer which has room for only four pleces of
significance in lts reéisters s the one eppearing at the most significent end will be lost
and the apparent result will be zero. Now adding one to something and producing nothing
leads us to suggest that the "something' is minus one and indicates a method of representing
negative numbers,

1.2,3 Binary Non-Integers.

In the denary scele, non-integers are represented as tenths, hundredths, etc., and

5.40% 4 3107 + 2.10° + 741077 4 441072

is written as

532474

The indicator . denotes the point where the indices of the radix change from positive to
negative, The quantity to the left of the indicator (the decimal point) is the integrel
or whole nunber pert of the number. The quantity 74 to the right of the decimel point
represents the fractional (non-integer) part. We sey that we have two decimel placese

8imilerly, non-integers may be represented in 'binazj in quantities of halves,
quarters, eightha, etc., and the nunber

1101.101
stands for
122 + 122 4+ 0.2" + 1.2 + 1,271 4 0,272 4 1,273
oy
13 +% + =138,
The firat eight binery places are represented as
o1 2 1/2 = 041 272 = 1/32 = 0.00001
272 - 1/ = 0,01 26 - 1/64 = 0,000001
2> = 1/8 = 0.001 27 = 1/128 = 0.0000001
2™ = 1/16= 0,0001 28 = 1/256 = 0.00000001

In decimal, miltiplying by ten involves moving the number up (left) one place and
edding a nought,.
ee2e 523 x 10 = 5230
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Subtraction of binary nunbers is also straightforward. The rules are

1«0 = 1, 1=1 = 0, 0-1 = 1 and borrow 1.

Example 25 - 10011
12 00110
13 10110

Multiplication of binary nunbers is considerebly simpler than decimal multiplication,
There are no multiplication tebles to learn. To multiply 19 by 13 proceed es follows:

19 = 1100
13 = J011
(2) 11001
(v) 0CoO0!
(e) 11041
(a) 1100
1194914

. —

(s) There is a one in the units position of 13 so we copy 19 in the units position
of the pertial product.

(b) The digit in the 2's position of 13 is zero so we make no copy of 19 in the 2's
position. This step would normelly be omitted.

(e) The next digit of 13 is a one and we make a copy of 19 starting at this digit
position,

(d) The next digit of 13 is also a one and again we make a copy of 19 with its
least significent digit in the eppropriate position. All the copies of 19 are added
together to form the result.

Division of binary numbers is rarely necessary for preparing work for DEUCE. The
‘usual method long division is used and further mention of division will be made later in
dealing with the DEUCE divider.

1.206 Scale of 22 Notatione

Since binary numbers in DEUCE have 32 digits it would be both time consuming and
exhausting to speak of or write 32 digits every time we refer to & number. A compressed
notation has been egreed upon as a useful convention to simplify operations on binary
nurberse '

Suppose the binary nusber is
1011011011010110011001011
This is divided into groups of five digits each
10110/11011/01011/00110/01011

The value of each group is written in place of -the group with the group numbers in order
from the left.

We thus have
13/27/26/12/26
‘The seperator lines are omitted and this is finally written as
13, 27, 26, 12, 26.

This is a standard method of representing binary numbers. All groups consist of five binaxry
digits except where a nunber represents a number in DEUCE. As there are 32 digits in a
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DEUCE number this is represented by six groups of five digits and s top group of two digita.
The number in DEUCE

11000, 11010, 11011, 10110, 11011, 00011, 10
is written
3, 14, 27, 13, 27, 24, 2.

1.2.7 Eguivalent Nunbers of Binary and Decimal Places,

It will have become apparent that binary numbers are longer than their decimal
equivalents, To estimate the ratio of binary digits to decimal digits necessary to represent
any given quantity, let the quantity Q be represented as ‘IOd with d decimal digits and

2b with b binary digitse

Then ¢ =10t =2P
or d =blog?2
Then 'b/'d = 1/J.Og 2 = 1/.5010 = 3.

Roughly three times as many places are needed in the binary representation of a number
a3 in the corresponding decimal representation.

1.2.8 DEUCE Sicsn Conventions.

The largest integer which can be accommodated in one DEUCE register is
P1 P2 P} LR X 3 L X R ] P32
with a one in each P position,

This hes the value 23 2. 1. If two nunbers are added together in DEUCE and their

sum exceeds 25 2. 1, the digits which should occupy positions P33, P}l,. etc., are lost
since no provision is made for recording digits in these positions., Working with positive
nurbers only, DEUCE can handle nurbers in the range O to 23 2. 1e

31

Exactly half these numbers from O to 2° - 1 have a zero in P32 and the remainder,
from 25 1 to 23 2.9 s have a one in the P32 position. All the numbers in the range O to 2

may be teken as positive numbers and the remainder, with a one in the P32 position acting

3.,

as a sign digit, are usedas a range of negative numbers. In section 1.2.2 it has been
suggested that a string of ones represents minus one since adding one to such a string -
gives a zero result. The actual value of any negative nunmber is thus not the value of the

first 31 digits, with P,, acting as the sign.

32
e 111111111111111111111111111191141 = 22 = 1
plus 1 = 1
= 5000000000000000C000000000000000 /4. Lost
Then 272 21 = 1,
In general, 232 -X = =X,

wherex:i.:sanym).mber:i.n't;hera;ngeO‘l-.o2‘7'1 - 1e
The reader should check that this is a consistent system of positive and negative number
.representation by working with a six-digit model DEUCE.

€eZe 1 = 100000 -1 = 111111
5 = 101000 - 5 = 000000 =
101000
110111
6
now 2° « 5 = 000000/1

101000/

110111
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r R A B FUNCTION - c D PoO/s
0 %0001 = X0002 MOVED

0 2 NOQO1 = NO0O2 MOVED

0 X0001 = NO0O2 MOVED

0 NOOO] = X0002 MOVED nearest integer, 0
1 1 X0001 = %0002 PLUS %0003

1 NOOO1 = NO002 PLUS NO0O3 P
2 X0001 = %0002 MINUS %0003

2 NOOO1 = NO002 MINUS N00O3 _ 8
3 X0001 = %0002 MULTIPlied by X0003

3 NOOO1 = NOOO2 MULTIPlied by NOOO3

L 3 X0001 = X0002 DIVIDEA by X0003 PO
b NOOOL = NO002 DIVIDEA by NOOO3 ,integral part

5 JUMP o R &

6 Ir X0002 FQUALS X0003 Jump to R U

6 It N0002 FQUALS NO0O3 Jump to R U

7 Ir x0002 1s UNEQUAl to Xx0003 Jump to R 4

T & If  NOOO2 1is UNEQUAlL to N00O3 Jump to R &4

8 Ir X0002 4is AS BIG as X0003 Jump to R &

8 Ir NOOO2 1is AS BIG a8 NOOO3 Jump to R 4

9 If  X0002 4is BIGGER than X0003 Jump to R U

9 Ir NOOO2 4is BIGGER than NOOO3 Jump to R &

¢ 10 Count NO0O2 UP TO 0003 , Jumping to R 4
t 11 X0001 = CONSTAn® k150265 +000
+3,141592

11 NOOO1 = CONSTAn® o003 0+ 11792

12 NOOOL and NOOO2 MODIFY next inst. NOOO3 also

18 FINISH

23 Read 0002 DATA into X0003 onward,
23 Read 0001 DATA into NOOO3

2h Batoh 0001 Print 0002 RESULTs from X0003 onward Type ©

24 Pateh 0001 Print 0001 RESULT from NOOO3

25 X0001 = RNOT  X0003
28 X0001 = LoG ' X0003
29 %0001 = EXP X0003

Figure 2; Tabulated alphacode funoctions,






[

023,01

| LECIURE C23.
DATA PROCESSING T,

AIM: ~ Summerise the steps in getﬁing a business application mechanised; assess the
importa.nce of each ste:p ;  and exemine the calibre of person concerned in these
steps.

C23.1 INVESTIGATION .

Having 'been presented with either a department and the general directive to mechanise
it, or a carefully chosen aspect of en established system to put onto data processing
machinery, the person so directed must stand back and view firat the whole situstion.

This is necessary for the two reasonst=

(a) it is most edvantageous to get acquainted at the earliest stage with the terms
in common use in the department under investigation. ‘

(b) no part of a system is complete in itself, so that even if it is the initial
intention to loock at only, say, the stock control aspect of a production system, it is
necessary to see how all such aspects fit toguther.

Therefore the first step is a thorough investigation of :s meny aspects of the processes as
are likely to have any bearing on the finel mechenised system. This entails finding out
not only what goes on, but why it heppens, and if necessary asking the same questions of
different pecple to verify what actuslly does happen. '

This investigation should be backed by menagement in as .high a position as possible since
this is the on]y way of geining both confidence and co-operation.

The result of all this should be e comprehensive survey of the salient points of the
system, unencunbered by operational details; arrangements should be made to ensure that
any procedural changes during or sfter this initial survey are notified to the investigators.

" 02342 FORMULATION,

Once the infrestigatidn has been completed, there should now be sufficient information
to decide whether the aspect that was originally chosen for mechanisation is suitable because
of its relation to the rest of the business, or, if no decision has been made, to decide
what aspect to tackle. '

This means that a particular problem can be formulated. The problem may be to mechanise
the monthly peyroll, or all the payroll, or to examine the mechine loading in a
particular shop, or to keep premium payment records in the system, or to conslider ell the
production aspects of a mamufacturing 'organisation and to intégra.te all these in one go.
In any case the problem to be tackled 1s defined.

The preliminary investigation will have provided enough facts, providing it has been
adequately cerried out, to meke the problem well defined, both itself, and in its relation
to allied problems.

C23.3 ANALYSIS. .

So far there need not have been any reference to a partj.cular type of data processing
machine, but the time has now arrivede. The problem formilated must be knocked into a set of
loglical bdlock diagrems, showing both the information flow and machine operations.

At this stage deficiencies in the specification of the problem will inevitebly be
thrown wp, requiring re-investigation of the systenm, end a variety of suitable approaches
to answer the problem will esppear. This mesns that a choice of computing machine may
have to be considered, with regard to their aveilable facilities-peper tepe or punched
card input, similtsneous magnetic tape reading and writing or not. It may mean deciding the
relative merits of aveilable facilities on a given machine - whether to keep a file on
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punched cards or on magnetic tape for examples

In any case this analysis will produce one or more suitable schemes which will be
logicelly sound, practicable on the machinery aveilable, and suitably ccosted. These schemes
mist be sble to be sold to whoever is sponsoring the work, so that the costing must be
carefully done, It is not at all easy to assess acourately the financial side of hidden ‘
gains such as savings in stock holdings, nor is it easy to put a price to shortening delivery
periods, so that the places where one hopes to get the most advanteges are the least easy
to specify in money termse .

1t is not easy to moke a very close estimate of machine rumming time without a lot
of experience of similar jobs or a great deal of pilot programming, but by and large it
is possible to moke a reasonable assessment of the financiel merits of any of the suggested
schemes.

C23.4 RECAPITULATION.

The result of going through the three stages investigation, formilation and enalysis
should be a set of logical block diagrams which have been agreed to by all concerned.
However if the process has not proved satisfactory, it may be necessary to keep going
through the three steps again and again until a satisfactory system is specified; then
end only then is it wise to start programming.

Indecd these investigations may have shown that there is no merit in mechanising at all,
but that a clerical re-adjustment will be enoughe

C23+45 PROGRAIMING.

A business application requires a considerable proportion of the effort spent on
it to be other than programming. It is necessary to produce both a clerical procedure
manual and a programme operation manual, the former capable of being used by people
with no computer knowledge.

At this stage, then, when the system has been defined and agreed, the production
of these msnuals can proceed in parsllels It is usually the clericel manusel which is the
more straighiforward to produce, since it is less lieble to change during the development of the
system than the programme operation manual which is tied very much to the final programme
specification.

It must not be forgotiten, however, that the closer the liaison between the paper
work preparation and the programme inputs and outputs the easier the programming and
tabulation becomes.

C23.6 TEITING.

From this stage on, it makes little difference that the programme under test is
& business one, though it is true that business programmes are usually easier to write,
and harder to get consistent test data fore Mistakes found are usually logical ones of

the system, and thus more in the heart stopping class, so thet the testing process can be
quite time consuming.

C23.7 TRIAL RUNNING.

There comes a time when the programmes comprising the system have been satisfactorily
tested, and a process of trial running of the system or parts of it must be inaugurated.
This is the stage at which the clerical and computer procedures are tied together, and
at which both the clerical and machine operational staffs become familiarised with their jobs.
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The veriousg operational snags will be shown up, the stock rules in a stock system
can be ghown to be valid, the things that have been forgotten can dbe incorporated, and a
planned turnover begun.

C23.8 ROUTINE OPFRATION AND MAINTENANCE.

No system runs for very long without there being a proposed modification to it, elther
as an improvement or to cater for a changed exigency in manufecturing policy. The amount
of effort required to keep a mechanised system well maintained must not be underestimated; this
means that it is imperative to have detailed and clear accounts of the clerical procedures,
the programme and peripheral operations, end the programmes themselves. Without these
it is virtually impossible to make a successful change; good write-ups meen good runninge

C23.9 TIME SCALE.

It is of no value to try to specify possible times for particular types of spplication,
since experience is not yet wide enough, but it is worthwhile to emphasize where the
bulk of the work lies,

There have been eight stages specified in getting a mechanised application going,
and of these it is the first three and their recapitulation which are the most vital, and
usually the most time consuming. It cennot be over-emphasised that it is unwise to start
writing the programme until a suiteble system has been specified properly, for the capital
cost of programme writing end testing is high and not worthy of waste.

Once, however, a system has been truly specified, programming should get under wey
at full speed so that changes in the menufacturing system during the turnover period
have as little effect as possible on the programmes to be writtem. Programmes should however
be as flexible as reason will allow,

Trial running in parallel can take longer than one first imagines, Not only do -
mistakes show up for the first time at this late stage, when they are the most time consuming
to rectify, but it takes quite some time for users to get accustomed to the system., There
ere penalties, however, in running in parallel for too long; until the time when it is
decided to stop parallel running and depend only the mechanised system, the mechanised
gystem's records mist continually be brought into line with those of the running system.
This means, for exsmple, that a stock balance file must be brought up to date, or a payroll
record put right weekly, and these are the more difficult if the rules followed on the
. mechenised system are more sophisticated than those under the ordinary system.

Remember, however, that the more effort that goes into the three early stages, the
easier and quicker the later stages become,

C23.10 STAFF CALIBRE,
It will have been apparent that not all the eight stages of mechanisation require
the same type of person, and there are broadly three categories needed.

The esrly stages need computer minded systems men, who do not necessarily have to be
programmers, but by the analysis stage programmers are definitely needed. Then a
combination of machine operators and programmers to run the trials are required, whilst the
maintenance and extension of the system require a combination of systems men, operators
and programmerse
C23.11 BIPHASIS,

It must finally be re-emphasised that the earlier stages are the most important, and
that no effort should be spared on those aspectse.
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LECTURE 2k,
MAGNETIC TAPE STORAGE SYSTEM.

N.B. These lecture notes are not meant as a programming manual, but one intended to give

‘some insight into the Deuce Magnetic Tape Storage System.

24.1 THE TAPE TRANSPORTER,

2441.1 The tape handling equipment used with the Deuce Magnetic Tape Stbrage Systen
consists of Decca Twin Tape Transporters. The Twin Tape Transporter consists of two tepe
decks and and their associated control znd drive equipment, on which up to 2,400 feet of ™
wide magnetic tape may be moved past the read/write heads under computer control. The tape
may be run in either direction at an operational speed of 104" per second, but the tepe can
only be written on or read from when it is going in the forward direction, e.g. from the right
hand spool to the left hand spools, Up to 4 twin tape transporters may be connected to Deuce,

24 .1.2 About 15 feet from either end of the tape the magnetic oxide is removed from
the surface for about 11 inches leaving a transparent window. The window nearest the left
hand end of the tape is called the beginning of tape mark and the other the end of tape mark,
Only the tape between these two marks is moved under the read/write heads by computer control.
If the beginning of tape mark is sensed by the computer, backward movement of the tape is
inhibited; similarly,vhen the end of tape mark is sensed the tape can no longer be moved

forward under computer control,

24h.1.3 While the tape 1s on the tepe deck and the tape deck is ready to obey any
order given by the computer, the tape deck is said to be in the remote phase; otherwise it
is said to be inoperable. If a tape deck is selected for use and it is inoperable a signal

is sent to the computer.

24,144 In order to provide a warning that an end of tape mark is epproaching the
read/write heads and that forward movement of the tape is about to be inhibited, an early
end of tape warning system is provided, If the last start order received was for tape
movement in the forward direction and the end of tape mark is seen by the end of tape
warning photo-cell, a signal will be sent to the computer, This signal, which cen be -+
detected by a programmer, will continue to be sent until the end of tape merk is sensed
by the end of tape warning photocell when the tape is moving backwards, or when the tape
deck is taken out of the remote phase.

24,1.5 If it is required that the beginning of a usable section of the tape is under
the read/write head, a rewind signal is sent to the tape deck. Tape will then be spooled
onto the right hand reel at high speed (approx. twice normal tape speed), until the beginning
of tepe mark is under the beginning of tape photocell, During initial loading of a deck,
the full spool of tape is normally loaded onto the right hand reel spindle and an empty
tape reel is put on the left hand spindle., Tape is then fed under the read/write heads and
erase head and is fastened onto the left hand reel. On closing the doors of the deck, the
deck antomaticelly winds the tape forward until the beginning of tape mark is sensed by the
beginning of tape photo-cell,

24,2 THE READ VRITE HEADS.

2L 4,2,1 The writing and reading to and from the tape is carried out using Decca Seven
Channel read/write heads. Six of the channels are used for information, the seventh for
a lateral perity check., The six informetion digits simulteneously handled by the read/write
heeds, one digit per information channel of tape, are known as a character. The lateral
perity digit is written such that there are an odd number of ones across the tape for each

character,
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24,3 VORD PAIRS,

2ho341 When writing, informetion is sent to D.S.20 (by the programme), and it is
written onto the tape via a buffer store. Programmers have no access to this buffer store,
and so they do not need to bother about it. Once informstion is sent to D.S.20 the rest of
the writing process is asutomatic, therefore the smallest unit of information that may be
written is a word pair. If the writing of one word peir has been completed and new
inforration hes not been sent to D.S.20, within a certain time, writing will stop.

244342 When reading, information is assembled in the buffer store and then put into
D.S8.20 when a word peir has been resad. The information must be extracted from S.20 before

another word pair has been assembled in order that informetion is not lost.

244303 DeS.20 has storage for 64 binary digits of information, which is not an
integral number of 6-bit characters. Therefore alternative instructions fcr resding or
writing either 10 characters or 11 characters per word pair are provided.

On transferring (i.e. reading or writing) 10 characters per word pair, sixty binary

digits of D.S.20 are transferred, digits P29 - P32

characters per word pair the full 64 digits plus two extra digits are trensferred. The two

of 205 are ignored, On transferring 11

extra digits are always written as zeros and are ignored on reeding back, Effectively, to
the programmer, 11 character transfers transfer only the 64 binary digits of D.S5.20.

2h,3.4 The ten cheracters per word pair transfer system is necessary if a tape
printer is to be used, and it also gives compatibility with the 80 column card reader.
In addition to these, up to 10% economy in tape may be obtained if character working is being

carried out.

24,4 DEFINITION OF TERMS.

2hola Character - this consists of six binary digits of information which mey
represent 0-9, A-Z and many other symbols.

2h.h.2 Block, The characters on tepe are recorded in blocks, A block is a train
of characters recorded without stopping the tape. The block length is variable in integral

numbers of word pairs.

2h L3 Block Gaps. Sinoce reading and writing may only be cerried out while the
tape is travelling at full speed (i.e. 104"/sec) the tape takes a definite time to stert or
stop, therefore a piece of blank tape is always produced while the tepe is attaining full
speed, and another while the tape is stopping. Thus between two blocks of information there
is a gap. This gap is known as a block gap and is always less than two inches in length.

bl Record. A group of successive blocks in the tape is called a record.

2h 4.5 Record Gap. This is a programmed space on the tape written before and
af'ter a record.

2h.L.6 The use of & record is that it makes it possible to overwrite information
in the middle of a tape without affecting information stored before or aftar the record being
overwritten. |

DPCS2



24,5 RE/DING AND SKIPPING.

2h.541 It has been explained that between blocks of information there ere either
record or block gaps, and the amount of information written in a block is programmed. Rezding
however will continue until a block has been read and the following block gap found, after
which the tape will stop. Thus when reading the tape will always stop with the read/write
head in a2 gap., This also applies when skipping, the skipping facilities provided being -

~ Skip forward one block (SF)

Skip backward one block (SB)

Skip forward to the next recrod gap (SFR)

Skip back to the previous record gap (SER)

These skipping facilities are provided so that the tape may be moved until the gap
preceding the next block of information to be read is beneath the resd/write head before the
transfer is called. '

24,6 INTERLOCKS.

24,641 If a magnetic tape instruction is put into the Deuce Control store and some
part of the Deuce Magnetic Tape storage equipment is not available for use, such that the
instruction cannot be obeyed, the instruction is interlocked until the equipment is again
ready, The particular ceses where instructions will be interlocked ere given below,

24.6.2 If a tape deck is selected and the tape deck is comnected but not in the remote
condition, no further tape instruction may be obeyed until the tape deck is ready for use.

244643 While writing, any tape instructions will be interlocked until writing is
complete and the tape stopped.

246,.h While reading or skipping, tape instructions will be held until the skipping is
complete, but the interlock is released before the tepe has sctually stopped.

24.6.5 While a record gap is being written on tepe no interlocks are provided since
any tepe instruction will clear write record gap. However only one particular instruction
should be used to clear write record gap; this is because other instructions mey or may not
be obeyed. After it has been cleared n:: further tape instructions cen be obeyed until the
tape has stoppad.

24,6.6  When & rewind is called, it interlocks any other tape instruction for 250
millisecohds; at the end of this 250 milliseconds the tepe deck is deselected and so any other
tape instruction may be obeyed. In fact it is possible to have up to 8 tape decks rewinding
‘simultaneously.

2.7 GROUP SEQUENCE TRANSFERS.

2h.7.1 As was described in section 24,3 information is transferred to and from the
tape via D.S5.20., but this system leaves very little time for carrying out any other work
while doing tape transfers. In order to mske more time available for parallel working when
carrying out tape transfers, e facility is available whereby information can be automatically
transferred between D,S5,20 and D.L.9 while writing or reading is in progress, This enables
up to 16 word pairs to be transferred between tape and D.L.9 without eny intermediate
reference to D.S.20 or D,L.9., These word pairs that are transferred between D.S.20 and D.L.9
without intermediate reference to them are said to comprise a group. Several groups may be
transferred within a block; this transfer is known as a Group Seguence transfer.
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24,8 PARITY CHECKING.

2.8,.1 Parity Checking is optional with the Deuce magnetic tape storage system, it being
necessery to obey a check parity instruction before & parity failure can be detected., Only the
parity of a block that has been read can be checked, since while skipping the parity check
circuits are not useds The check parity instruction is of the discrimination type, i.e. if a
failure has been found when the parity check instruction is obeyed then the timing number of
that instruction will appear to have been incressed by ome; if however no failure has occurred

the normal next instruction will be teken.

2.8.2 VWhile reading, each character is checked to ensure that together with the parity
bit there are an odd number of ones written across the tespe. Also each track of the tape is
checked to ascertein that it contains an even number of ones in the block. (There is a parity
character written at the end of every block which should make the number of ones in every track
even). The lateral parity of the longitudinal parity check cherecter is not included in the
parity checking since it may or may not centain an odd number of ones. :

24,9 THE DEUCE ORDER CODE FOR THE MAGNETIC TAPE STORAGE SYSTEM.

2he9.1 The instructions containing destination 2k end which have source numbera
greater than or equal to 16 are used for magnetic tape. The instructions are
16 ~ 2, Select tape deck O

17 - 2, Select tape deck 1

18 - 2, Select tape deck 2

19 = 2. Select tape deck 3

20 - 2, Selsct tape deck 4

21 - 2, Select tape deck 5

22 - 2, Select tape deck 6

25 = 2L Select tape deck 7

2, - 24s read eleven characters/word pair Ri *

24 - 241 write eleven characters/word pair w1
(P1)24 - 248 Group sequence reed eleven cheracters/word pair R1
(P1)24 - 241 Group sequence write eleven characters/word pair WA

25 - 24s read ten characters/word pair R2

25 - 241 write ten characters/word pair w2
(P1)25 - 248 Group sequence read ten characters/word pair R2
(P1)25 - 24,1 Group sequence write ten characters/word pair w2

26 - 2  Virite record gap W6

27 = 2, rewind Rewd.

28 - 24s -skip forward one block SF

28 - 241 skip forward to next record gap SFR

29 - 24s .skip back one block ‘ SB

29 - 241 skip backward to previous record gap SBR

30 « 2, Check Parity
31 = 24 Clear write record gap and Inactive,

*  This column of letters are the letters engraved under various lamps on the Deuce

console; when a particular lamp is ON that particular function is being carried out,

DPCS2



( }

N




~3525.01 -

LICTURE C25
PRINCIFLES OF COMMERCIAL PROGRAIITING.

€251 INTIODUCTION,

I propose in this lecture to gpproach the work of th=2 programmer from the point of view of
a gystems consultant, observing what demands he makes of the computer installation, and what
demands this implies for the individual programmer, leading 10 en examination of a particular
instance.

025.2 SYSTEM OBJECTIVES.

The systems consultant is concerned with discovering the most effective use of the time,
labour and capitel available. To him the computer is a partioular device by which in certain
circumstances some large-scale functions can be discharged more economically. The systems
consultent may have to examine the structure of operational sequences, the allocation of functions,
the chains of responsibility, work—~flow, office layout, form design, machine utilization and so
forth. From his study of these he is to derdve suggestions for the more economic provision of
services or products at the most effective time and places And clearly it is only as instruments

: of such a purpose that data processors can justify themselves to their employerse The term
tdata processors! is preferred here in order to draw attention to the facts that nearly all office
and factory work is essentially processing of data, and that the equipment with which we are
concemed is only useful in so far as we can treat the task to be performed as en orderly and
finite sequence of elementary choices and simple data manipulations,

Each of you will be sble to name some ways in vhich use of a data processor can provide more
economic managemente

(1) Consolidation of functions. In the past administrative considerations may have
required separation of fimotions, not merely among different persons but also among
geveral departmentse

(2) Rationalization of procedures. The more comprehensive approach compelled by
prepaeration for a data processing system should lead to a simplification of the
functions pattem.

(3) Speeding of control functions, enabling
(1) capital economy through lower stock levels.
(ii) time economy through quicker integration of order into production planse
(iii) labour economy through more sensitive production control.

(4) Increased reliability of cantrol functions. Mechanised control decisions may be able
to take account of more comprehensive data in sclecting appropriate action.

(5) HMore effective presentation of the data for menagement decisionss On the ane hend
more searching analyses of received data will be possible, and on the other hend only
a more critical selectian of special cases will need to be referred to management.
Prediction of trends, costs, delivery dates will be more reliable,

(6) Earlier output or cheaper output - where the whole service or operation is transferred
to the data processor., Here the equipment offers a more efficient use of the time
and capital available for the desired end.

Each of these corresponds to a fruitful field for the work of systems consulte

antse

C25,3 SYSTEM ANALYSIS.

Just as the objectives to be realized by data processors and systems consultants are the
same, SO we may learn something from their methods of enquiry. It is important that we should
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have a good wunderstanding of the processes by which the job has reached the form in which it
comes to the programmer. We should in all cases be prepared to verify that these previous
processes have been carried out correctly.

The following catalogue, first designed to be borme in mind when an existing system is being
appreised, is also of direot value to a programmer examining the specification of a new job.

(1) Moke sure you understend the purpose and the proposed scope of the programme, But
be prepared to initiate variations in the scope and objectivese Quite probably
some aspects, or some exceptions, are unnecessarily being held back for special
treatment,

(2) Attempt to set down a priori the information you would need for programming the Job.
Extend this list wherever information given seems to imply further requirementse.
Compare this list in detail with the information provided.

(3) Check information for
(1)  accuracy end clarity,
(ii) ocompleteness, i.e. that there are no exceptions,
(1ii) validity, i.e. the exact spliere of application of e given piece of information.
Double=cheok all aspects which do not appear reasonable. Where in any doubt note both the doubt
and the possible scurces of fuller information.

(4) Be sceptical. The information may, for example, be based on an ambiguous questicn.
The enquiry ‘How is this job done'! has at least five distinot legitimate answersi=
(1) The way the bock says it should be done.
(ii) The way the supervisor thinks it is done.
(iii) The way the supervisor tells the employee to do it.
(iv) The way the employee thinks the supervisor wants it dane.
(v) The way it is actually dme.

(5) Make sure you know about all the unusual, rare duties which may arise within or on
the borders of the rrogramme's scope,

(6) Attempt to hare available copies of all the forms emploved and specimens of all
revorts, with analyses of their actual usefulness. Check that the output is required,
is used, and is used in the form specified,

(7)  Record recemt and possible future variations in the systems

The aim here is an understanding of (a) the purpose of the present system end (b)
requirements imposed on the programmes. The basic needs at this stage are a clear appreciation

of the assumptions underlying the present system and an insight into the possible and impossible
altematives at every point.

Any improvements which occur to you must themselves be subjected to the same oritical
analysis as the existing pattorme

C25.4 FROGRAMME OBJECTIVES.

When the systais consuliant feels that he has a sufficient grasp of the operation under
examination, he will alrcady have ésvelored scme ideas as to how it may be re-organised.  Like-
wise a programmer Will by nowr have some ideas avout the general structure of his programme.
Certaein principles have to be born= in mind in shaping the programme., Some may seem obvious, but
of'ten it is the obrious which is overlooked, and often a principle entails questions the answers
to vhich have not yet been clayified,

(1) The required services must be provided at the right time at minimum cost.
(2) Functions should be so allocated as to minimise the required preparation, transportation,
co~-ordinaticn and paper-wark external to the data processors .
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(3) The vork of the operator should be as light and as simple as possible, (Conversely,
clear indications of emergency measures should be built in, together with as many as
possible of the useful criteria that the operator may need for choosing his line of
action).

(4) The total time taken should be as low as possible.

(5) The programme logic should be as simple as possible. A modular type of programme
is always prefersble where the cost in time is negligible,

(6) A choice vwhere one altemative involves less processing time but more handling may
be influenced by overall machine loading consideraticns.

(7) The data processor should not be required to provide any sexvice at a cost greater
then the value of that service, e.g. the value of any cantrol should not exceed
its cost.

(8) Where possible the programme pattem should allow for ease of amendment in the
expected directions of change.

A mexrit in a programme is its suitability for introduction in parallel with the existing
rrocedures, and preferably for only a cross-section of the work. This would expose the
programe t0 a random selection of the exceptional situations under control conditions.

C25¢5 BROGRAMME STTUCIURE.

Vhen we tum to the construction of the programme there are many useful questions that can
be askeds

(1)  Are results obtained at the most convenient points in the system? Can the input and
output requirements be amended profitably?

(2) Is there any input information which could more economically have been derived from
other data?

(3) Vhere sub-functions make use of common derived data, can programming be simplified
through a rearrangement of the structure?

(&) Can the structure be split into a main sequence and a secondary sequence of functions
which can supply controls for the main sequence?

(5) Know the reasons for each step made and the reasons why it is where it is.
(6) Draw and redraw diagrams of the operation structure.

(7) Check how, when and where the variations, exceptions and special cases are to be
dealt with., List the cross-links which lead to and from each of these.

C25.6 PROGRAMIZ DESIGN.

- In eny given cycle of operation of a programme each possible path of control has an
sssignable probability, amd for sny possible allocation of storage and programme space each path
of control in the cycle will take a calculable time, It follows that the optimm solution of

the programmer's task is theoretically possible for a cycle of operation and for the programme
as a whole.

In practice a programmer will be able to judge which perts of the programme will ocoupy
a negligible proportion of the operation time and will concentrate on optimizing the more
importent parts of the progremmes Nevertheless it mast be remembered that the programme is a
whole and not a set of separate optimization problems.

The progremmer has to resist the temptations both of perfectionism and of trying to write
the programe in the shortest possible time, Generally speaking, any refinement which effeots

a noticeable saving in the final timing will be worth carrying out unless the pregramme is for
infrequent use, ‘
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Often a major influence on the total operation time will be some particular transfer time,
80 that the programmer must keep one part of the equipment running as efficiently as possible,

Sometimes it will be necessary to programme in depth, keeping Card Ihput, Card Output,
Magnetic Tape, Magnetic Drum, Paper Tape and Data Manipulation = or a selection of these - in
simultaneous operation, proceeding, so far with one level and then turming to another level
olamouring for attention. Here it may be desirsble to picture a typical slice of actual
operation before deciding on the priorities to be allotted to each level's claim for attention,

With these thoughts in mind we now tum to an insurance file = maintenance demonstration
programmes This programme was written for DEUCE MkeII with Magnetic Tape Auxiliary Storage,
but without the facility now available for group-sequenced tape transfers.

C25.7 REQUIREMENTS FOR PROGRAMME.

The Policy file is examined, as it is updated, to ascertain and list those cases which fall
due for premium billing in a specified month.

Input to the computer comprises:-

(i) the current file on Magnetic Tape (called the "Existing File"),
and (ii) 80-Colum cerds bearing full details of the cases for which some "Amendment" to the
existing file record will be needed.

Each item in the Exlisting File is allocated 240 characters on the Magnetic Tape,
corresponding to the information capacity of three 80-Colum punched cardse Any policy can be
adequately represented by an. item of this size. In practice 200 characters would be sufficient
in most cases and advantage could be taken of this fact to improve the speed of processing.
However for the purposes of this demonstration a fixed item length of 240 characters has been
adopted.

The Amendments may be divided into three types:-
(1) '0ffs', requiring removal of a policy from the file,
(ii) 'Ons', requiring insertion of a policy into the file,
and (iii) 'Alterations', requiring alteration of some detail of a policy held in the file,

Tor '0ff's' the Amendment comprises one card onlye For 'Ons' the Amendment comprises
3 cards in all cases. For 'Alterations'® not affecting the later parts of a policy~record, only
the first, or the first two cards, as appropriate, are required.

The last card of a given Amendment is designated by an overpunching in colum 1 of that
card. All Amendment Cards are assembled in Policy Number order to form the "Amendments File",

Output from the computer comprises:-—
(1) the revised Existing File on Magnetic Tape (called the "Updated File"),
(ii) the record on Magnetic Tape of those cases falling due for premium billing in the
specified month, (called the "Renewals File"),

(iii) Error Cards giving details of any cases where the operation required conflicts with
the available records (e.g. Off's for which no corresponding policy is recorded in
the Existing File),

and (iv) indications on the Control Panel if cards in the Amendment File are found to be out
of order. In such cases the computer waits for appropriate action by the operator.

Each item in the Updated File comprises three cards-worth of information in the same form
as for the Existing File, However in the case of the Renewals File only two cards-worth are
recorded unless the length of the Payer's Address demands a third. In respect of cases being
entered on the Renewals File a statistical enalysis is obtained by Period of Renewal for two
classes of policy (Funds 1 and 2).
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The block diagrams (Section 11) should be examined in conjunction with the text of
Seotions 8 = 10 "Diagram 11.2 exhibits the normal operation cycle of the computer prograrmme
while Diagram 1143 shows the interrelationships of the various routines into which the programme
is subdivided in Sections 8 and 10. In diagram 11.3 the s2tting of one block into another
indicates that it may function at that point as a subroutine of the larger blocke Where
tCARD INFUT! ocours at the lower right hand comer of snother block it is to be regarded as an
elternative exit from that block, subject to the condition indicated by the asterdske

In the interests of olarity no attempt is made to illustrate the effect of the "Data
Incorrect” Routine in diagrams 11.2 and 113, nor that of the "Fail" Routine in dlagram 112
It is hoped that the text of Sections 8 and 10 gives sufficient explanation on these pointse

C25,8 GENERAL DESCRIPTION OF PROGRAIIIS.

Programme Input reads in the programme, storing some parts on the Magnetic Drum.

Intry checks the indicative data at the start of the Ixisting File (E - File) Tepe and
records indicative data at the start of the Updated File (U - File) and Renewal File (R - File)
Tapes. The required month is inserted via the Control Panel end the programme leads to

Amendment File (A - File) Reed which, if data from less than 3 cards are in reserve,
refers to

Card Tnput which (i) calls a furthber 80-Colum card read operation
(ii) stores the data from the last card read, first in the high speed
store and then on to successive tracks of the magnetic drum when
appropriate, '
and (iii) adjusts the card reserve count by unity.
When at least 3 cards are in reserve A-File Read proceeds. Details of 1 case are taken

to the A-Store from the developing A~File on the Magnetic Drum (= See notes 1 and 2)s (If
"the policy number of this case is lower than the previous one,

Data Incorrect offers the operator the altermatives of

(i) ignoring this case or

(ii) ' reprocessing from the point where this case should ocour, either by following it
from there from the A~-File on the Magnetic Drum or by correcting the order of the cards
and reloading the A-File.)

(If A-"ile Read was entered from Re-entry 3 the mogramne skips to Orgsnisation (Part 1 ),
but otherwise:-)

Re-lintry 2 follows, leading %o
Tape Read which reads details of 1 case from the E-File Tape to the E-Store (= See note 1).
Orgenisation (Paxt 1) then compares the policy numbers of the E-Store and A-Store cases

and, if the E-Store policy number is the lesser, selects instructions for recording that case
on the U-File Tape and selects date from that cese for Premium Billing Test.

Orgsnisation (Part 2) iz entered if the E~-Store policy number is not the lesser.
Instructions end date appropriate to the A-Store case are selected for the U-File vwrite operation
and Premium Billing Test, provided that the policy number relationship is consistent with the
type of amendment required, If an error is suspected

Fail is used to punch out details of the suspect record, leading for ‘'offs' only to
Re-entry 3. In the case of 'Offs' the programme now skips to Re~entry 1.

DECS2




Tape Vrite makes the appropriate entry on the U-File Tape. (x See notes 1 and 3).

Premivm Billing Test next examines whether this case is due for renewal in the required
month.  If not, then the programme skips to a Re—entry (1, 2 or 3) previously selected by
Organisation as being appropriate to the type of operation developed there.

Billing Accumulation, if this case is due for renewal, accumilates the premium in binary
pence by renewal period and fund,

Tape Write enters the case on the R-File Tape (x See note 1) and leads to the Re-entry
previously selected by Orpanisation as being appropriate to the type of operation developed there.

Re-tintyy 1 leads to A-File Read.
Re-Fntry 2 leads to Tave Reade
Re=Pntry 3 leads to A-File Read but then skips to Organisatione

NOTE 1 The programme tests at these points whether the card input is in operatiomn. If
not, Card Input is entered before the link to the next section is obeyeds

NOTE 2 If the new case for the A-Store has a policy number less than its predecessor the
programe diverts to Dats Incorxeect, which (at the option of the operatar) -

(1) ignores the case and proceeds to the next one or
(2) accepts the case, turns back the files to the correct place and either
() prepares to take again all later numbers from the A-File or
(b) prepares to restart the A-File as from this point from the Amendment Cards.

NOTE 3 If the final case has been dealt with, the programme here diverts to Final (Perts 4
and 2) which reconverts the billing accumulations to sterling, records them on the R-File and
‘writes end of file indications.

C2549 STORAGE USED.
Magnetic Tape deck O carries the lIxisting File (E-File) Tape.

u u | " *  Updated File (U~File) Tape.
" " "2 w " Renewals File (R-File) Tape.
Magnetic Drum tracks 246-250 caxrry the Data Incorrect Routine
instructions.

Magnetic Drum tracks 251-253 caxry the Final Routine instructionse

" " " 25L carries a copy of Delay Line 3.

" " " 255 " the Fail Routine instructims.
Mercury Delay Lines 1-6 (All mcs), 7 and 9 (mes 24-31) end 8 and 10 (mes 16-23) carxy
the Main Programues
Mercury Delay Lines 7 and 9 (mes 0-23) and 8 (mos 0O-15 and 24-31) carry the Entry
Routine but are cleared at the end of that Routine.
During the File up-dating Mercury Delay Lines 7 (mes 0-23) and 8 (mes 0-15 and 24=31),
together called the E~-Store, carry the item from the Existing File currently under
consideration and Mercury Delay Lines 9 (mcs 0-23) and 10 (mes 0~15 and 24~31),
together called the A-Store, carry the item from the Amendment File currently under
congideration.
Mercury Delay Line 11 is the buffer-store allotted to data being transferred to or from
the llagnetic Drum, lercury Delay Line 12 is the buffer-store allotted to data being
transferrved to or from the Card Input/Cutput. Magnetic Drum Tracks from O onwards
store the Amendment File as it is received from Delay Line 12,
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C25,410DESCRIPTION OF PROGRAIGE SECTIONS.

DICs2

(2)

(o)

(e)

Entry Routine.

Write record gap and description of file on Tape decks 2 and 1. Verify
desceription of file on tape deck O, Set up initial link instructions, initial
magnetic drum read and write instructions. Read required month from Control Fanel.
Initiate reading of 1st carde Restore magnetic drum read end write heads to block
position O, Clear D.L's 7 and 9 (mes 0-23), 8 (mes 015 and 24-31) and 11,

Card Input Routine.

Test whether the card just read is the Final Iltem card marking the end of the
file. If so, plant large negative card count marker, decall reader, and overwrite
'call read' instructions with dummy instructionse If not the final item, discriminate
bewtween st card, 2nd card, 3rd card and single card groups. If single card group,
or 3rd card, clear the 'last card of group' designation recorded from colum 1 of
the carde If 1st card, call further card read to D.L. 12 mes 16-31 (=store for
2nd cards)e If 2nd Card, single card group, or 3rd card -

(i) call further card read to D.L.12 mes 0-15 (= store for 1st/3rd cards); then
{and also for Final Ttem)

(ii) transfer DI12 to DIA1 and thence to the next track of the Magnetic Drum,
shifting write head blocks if necessary, and

(iii) clear DEA2 mos 16-31 (store for 2nd cards). For all cases reduce card couat
marker by 1 (card count marker commences at +2).

A-File Read Routine.

Test whether card count marker is negative (i.e. whether either 3 cards at
least are in reserve, or the card input operation is complete)s If marker is

positive =

(1) = await end of current card read operation,

(ii)" call Card Input Routine and

(4ii) test card count marker again, repeating as necesssry.

IPf marker is negative increase it by one and read next track of megnetic
drvm to DIA1, shifting read head blocks if necessary. If the new policy number is
the lesser the programme enters Data Incorrect Routine. If track contains 2 cards
increase card count marker by 1, transfer data to the first 2 sections of the A-Store
and test whether this amendment is a 2 card set (X overpunching in col. 1 of ond
card), If not, increase card count merker by 1, read next track of magnetic drum
to DI41, shifting read head blocks if necessary, sud transfer data to the 3rd sectien
of the A-Store. If amendment is a 1 card set, transfer contents of D41 to the
first 2 sections of the A-Store. In the case of 1~ or 2- card amendment sets clear
the 3rd section of the A-Store. Test whether the card input mechanism needs priming
end if so refer to Card Input Routine before obeying link, (Entry to this routine
from the Entry Routine is at the point marked (x). )

NOTE: As the time taken by this Routine exceeds the time margin within which
recalling the card reader ensures contirmuous running, temporary measures are teken

during this routine to maintain the continuous running.
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(@) Data Incorrect Routins.

An indication is given on the control panel that the latest policy number taken
from the A-File is leas than the previous number in that file and the machine awaits
selection of one of the following options by the operator:-

(1) Overwrite the new item with the next following item from the A-File, then link
£0 the Tape Read on the Orgenisation Routine as appropriate.

(2) Set back the E~, U~, and R-Files to the block gap after the last item having
a policy number less than this new A-File number, complete the A-File Reed
operation and then either
(a) set back A-File read instructions to the track having the first polioy

number greater than this A-File munber and refer to Re-entry 2, or
(b) set vack A-File write and read instructions to track 0, set back card
count to +2 and refer to Re-entry 2.

(e) Tape Read=irite Routine.

According to the nature of the instructions previously prepared for this
routine,
(1) read a block of 24 word pairs from the E~File Tape via DS20 to the E-Store, or

(2) write a block of 24 word-pairs on the U-File Tape via DS20 edther from the
E~Store or from the A-Store, or

(3) write on the R-File Tape a block as specified in (2), oxr

(4) write a block of 16 word pairs on the R-File Tape via DS20 either from the first
2 sections of the E-Store or from the first 2 sections of the A-Store. Wher
a block is being written on the R~File, altemative (4) is preferred to
altemative (3) unless the address spills to the 3rd section of the store
(= card 3), = Test whether the card input mechanism needs priming end if so
refer t0 Card Input Routine before obeying link.

The Note to the A-File Read Routine applies here.
(f) Re-entzy 1.

This link plants a link for Re-entry 2 snd then enters the A-File Read
Routine,

(8) Rementzy 2.

This link plants a link for the Organisation Routine, prepares the Tape
Read Instructions, and then enters the Tape Read Routines

(h)  Re-entxzy 3.

This link plants e link for the Organisation Routine, and then enters the
A=File Read Routine.

(j) Oreanisation Routine (Part 1)e

The Re-entry link for Re-entry 2 is prepareds The Due Date and Premium
Period specified in the E~Store case are noted in T.S.16. The quantity (E~Store
Policy No. minus A-Store Folicy No.) is calculated in DS21s  The parity check on the
tape~read operation (if any) is now available and is consulted. If there has been
a parity failure provision is made for re-reading the suspect blocke Unless the
E-Store Policy number is less than the A-Store number, Part 2 1s now entereds
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If the E-Store No, is the lesser, instructions for tape write on the U-File Tape from
the F-Store are prepared, the E~Store case Fund and Address Spill indications are
noted in T+S.15 and the Premium in D.S.419. The Note to the A-File Read Routine

applies herea

Organisation Routine (Part 2).

The Re-entry link is emended for Re-entry 3 and the A-Store case Due Data and
Premium Period recorded in T.S.16, Instructions are prepared for Tape write on the
U-File Tape from the A-Store. If the amendment is an "Off" the routine tests that
E-Store and A-Store polioy numbers are equale If they are equal a link to Re-entry
2 is planted and the A=File Read Routine entered. If they are unequal (i.e. if the
A-Store No. is the lesser) an indication for Re—entry 3 is plented end the Fail
Routine entered, If the amendment is an "On" the routine tests whether the A-Store
contains the full 3 cards. If it contains less than 3 cards sppropriate trensfers
are made from the E-Store to the A-Stores If the "On" is 'Alteration' end the
policy numbers are unequal, or if the "On" is 'New business' and the policy mumbers
are equal, an indication for return to Organisation Routine (Part 2) is plented
and the Fail Routine entered., If the 'On' is 'Alteration'! end the policy numbers
sre equal the Re~entry link is amended for Re-entry 1. If the case is the Final
Item a link to Final Routine is planted, appropriate transfers are made from DL's
7 end 8 to DL's 9 and 10 and the routine checks that the policy mumbers are equal
For all "Ons" the A-Store Fund and Address Spill indications are noted in T.S.15
and the Premium in D.S.19%

Fail Routine,

The Fail Routine instruction track (No. 255) is read from the magnetic drum to
DL.3 via DIid1. Vhen the curremt card read operation is complete the contents of
of DIN2 are transferred to DIf4. The contents of the A-Store (if the error is an
"Offs" or an "Alteration" error) or of the E-Store (if the error is a "New Business"
error) are punched on to 3 cards via DIM2, If the exror is a "New Business" error
the 1st 5 colums of the 1st card are overpunched X and the Re—entry link is smended
for Re-entry 1. The former contents of DI12 are re-instated from DId1, the Main
Prograrme contents of DL3 are re-instated from track 254 of the Magnetic Drum via
DiA1 and the Drum Read head block is retumed to its former position, According
40 the indication planted the Fail Routine leads either back to the Organisation
Routine (Part 2) or toiRe-entry 3

Premium Biiling Test Routine.

Instructions are prepared for tape write on the R=File Tape from whichever
store is appropriate (the E-Store vnless orgenisation Routine (Part 2) was entered)e
By examining the value 'Due Month - Required Month' and the premium period a decision
is made as to whether premium billing is required in this case. If premium billing
is not wequired test whether the card input mechanism needs priming and if so refer
to the Card Input Routine before obeying the link to the selected Re=entry. If
premium billing is required, test whether address spill is indicated and if not
indicated amend tape write insiructions to limit the block to 16 word pairss
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(n) Billing Accurmilation Routine.

The premium in Binary Coded Sterling is converted to a premium in
Binary pence. The instructions which:

(1) 244 the premiums so far accumlated to this premium and

(2) store the new accumulated total are each in turn amended to select the minor
cycle in which is stored the totsl appropriate to the premium period
and fund of this case and then obeyed.
The Note to a A-File Read Routine applies here.

(») Final Houtine (Parts 1 end 2).

(@

The Final Routine instruction tracks (251-3) are read from the
Magnetic Drum to D.L.'s 2, 3 and 4 via D.L.11, D,L.6 is cleared to accept
the Binary Coded Sterling equivalents of the premium billing accumilatorse.
Part 2 is referred to to perform the conversions from Binary Pence to Binary
Coded Sterling and to store the results in D.L. 6. Returning to Part 1
the Routine writes a block of 11 word pairs on the R-File Tape via DS20
comprisging a last block marker and the 10 accumulated billing totals. End
of FPile maxrkers and final record gaps are writtem on the R-File and U-File
Tepes which are then rewound. The programme ends by switching on the Output
Staticisor lights on the control panel.

DPCs2
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(The A-Fue here s that portion stored on the Drum)

Tﬂ ) . A_,,,_ITEST If 3 CARDS IN RESERVE IN A-FiLE e e e e e
» EREAD | CASE FROM A-fiLE TO A-sYOREJ [_READ | CARD TOA-HLq

b

[;;ME CARD INPUT iF DUE, AND STORE LAST CARD

!
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N ,
{'READ | CASE FROM E~FILE TO E~ STORE . t=m—. e ey
' I

F’RIME CARD INPUT IF DUE , AND STORE LAST CARD }‘-"—‘—-

! |
» [IF POLICY NOSEQUAL TEST IF A-FILE CASE 1S OFF l |
.

;ommwxsa ves
WRITE | CASE FROM E~ OR A -STORE T0 U-FILE

PRIME CARD INPUT IF DUE ,AND STORE LAST CARD

T 3 < |
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IYEs N
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* The diagram is simphitied by gnorung the effect of (ncorrect or out of oraer A- caras
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FILE MAINTENANCE AND FORMATION OF RENEWAL FILE
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LECTURE_26.

FIXED POINT AND FLOATING POINT ARITHMETIC.

26.1 INTRODUCTIOR

The following two columns of numbers are identical in meaning:

30, 000,000,000 3 x 101°
0.001118 1.118  x 107

3.142 3.442 x 10°

1760. 1.760 x 10°

0.5 =5 x 1077

These numbers cover a velry wide range; if they were to be stored in a computer in their
natural form (left hand column) storage registers of at least 17 decimal digits capacity would
be required. However, none of the numbers is given to more than 4 significant figures, as can
be seen in the right hand column. Ve see here how a register of only six decimal digits (four
for the "Mantissa" and two for the exponent of the radix 10) can accomodate the same range of
numbers as a much larger register. The point is that in the left hand column the decimal point
is fixed in position, and non-significant zeros have to be inserted; in the right hand column
only the significant figures are expressed, together with an integer of one or two digits to
indicate the position of the decimal point. We say the numbers are expressed in FIXED POINT
and FLOATING POINT form, respectively.

Let us consider the problem of computing with numbers expressed in the two forms. There
is 1little difference in multiplication or division between the two systems: but for addition
or subtraction floating point numbers have to be expressed with a Common exponent and the
result normalised whereas fixed point numbers can be added or subtracted directly.

‘In the great majority of Scientific calculations we f£ind ourselves in difficulties due to
the finite size of the computing registers, If the decimal (or binary) point is fixed, and the
numbers involved in the calculation have a wide range of values, there may be a considersble
loss of significant figures at the .:Lower end of the range, or a denger of the variable exceeding
the register caéacity, or, in extreme cases, of both, Pure fixed point working is thus

‘impossible in these cases.

The solution to the difficulty depends very much on the programmer's prior knowledge of
the behaviour of the quantities in the celculation,

If he can predict accurately upper limits for every intermediate quentity in the
calculation, he can programme shifts of the binary point at appropriate stages so that, on the
one hand, his numbers do not exceed -capacity, nor do they lose significant figures by being too
far down in the register., The programmed shifts will be the same whatever particular data are
being processed at the moment; in other words, for any one operation, the binary point will be
in the same position whatever numbers are involved. This system is the one usually referred
to as FIXED POINT working, because the progra.uﬁler fixes the position of the binary point for
each operation, “

If, however, the programmer cannot predict the behaviour of the numbers, or if the
variebles are known to take such a wide range of values that any standard shifting arrangement
would be unsatisfactory, then FLOATING POINT working is adopted. In this system use {s made
of subroutines to Calculate an appropriate shift for each operation; each number must therefore
carry with it an gxponent to indicate the position of its binary point.

DFCS2
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The two systems will be described more fully below.
In what follows the following notation is used consistently:
x (small letter) - a number to be represented in the computer.,

X (cepitel letter) ~ the integer actually stored (DEUCE is regarded as operating
exclusively on integers).

26,2 FIXED POINT WORKING ON DEUCE

In general in normal fixed point working we have the relation x = X.2? where p is an
integer, constent for the variable x., For maximum accuracy, p will be chosen so that for the
upper limit of x, X will be on the verge of,exceeding capacity. We say either x is stored to
p binary places (which means that the binery point is p places up from the lower end) or that
we store X = x. 2P and talk consistently about the numbers as integers. The latter idea is
simpler, and is adopted here as far as possible.

In general p is never stored explicitly in the machine, but is implicit in the shifting

instructions of the progremme, as the following examples will show.

(1) shift

The instructions 24 - 14, (n m.c.) and 21 - 22,(2n m.c) (TCB off) will shift a number up
n places in 14 or 21, However, care must be taken that the most significant digit of the number
is not "spilt" by being shifted too far,

In shifting down there is the problem of round off. The following sequences shift down a

. single length number n places, with correect round off’:

X - 14 X - 2

23 = 14{m-1)m.c. 22 - 21 (2n m.c.)(TCB off)
W - 13 215- 232

27 - 25 21}- Y

25 - Y

(y = X.27", rounded off to nesrest integer)

(2) Addition and Subtraction.

Consider operations on x = X.27P and y = Y274 giving results z = z.2°%,
The simplest ease is whenp = q = r,

X - 13

Y - 25/26

13 - Z

Ifp = q £ r the same sequence will do, but it must be followed by a shift up of
(r = p) places (if (r = p) is negetive this is of course a shift down).

There is a possibility of X + Y exceeding capacity; this can be avoided by limiting the
most significent digit of each to the PBO position,

If p £ q we have to shift down whichever of X,Y is associated with the higher of p,q, not
forgetting the round off, The shift is (p = q) places. Addition or subtraction is then
possible; another shift is required if min (p,q) Ar. If this shift is down a round off is

necessary.

DPCS2
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(3) Multiplicetion.

(Sign connection assumed to be understood).

The multiplier multiplies the interers in 16 and 21, producing a double length result

in 21.

With the notation as before, we have

XY = xy.2P* % o g 2P*2 o goP*+a-T in 21, ,
’

ie. 2P *QTT 32 in 215
We have Z (the required result) in 215 if we shift up (32 + r - p - q) places (TCB off).,
(4)  Division.

The divider divides the integer in 214 (X) by the integer in 16 (Y) and gives the integer

X, 31
Y02 in 212 |
Now, %.251 - §.231 +Pp=q _ ,M+p-a _ 3 +p-q-rT

Therefore, to give the required result Z the number in 212 must be shifted down, with round
off, (31 +p - ¢ = r) places. '

Warning.
This shift must be done with TCB still ON.

The detailed rules about the divider, given elsewhere, must be carefully observed, or

a division subroutine used.

For same useful remarkson multiplication and division subroutines, see R.A, Smith, DEUCE
News No., 26, (the thick grey-covered book).

26.3 FLOATING POINT WORKING ON DEUCE.

The use of floating point subroutines makes it unnecessary, for most purposes, to think
about shifting, binary points, exceeding capacity, and scaling factors for reading and punching.

The basic idea is that every number x is represented in the machine in two parts,
corresponding to the x and p of the previous chapter. 'In one scheme these two parts are exactly
x and p as previously defined, but in others the two parts are defined differently. Precise
definitions are given in the following paregraphs,

In any floating point scheme the subroutines treat each quantity on its own merits and
deal with shift, limits and round off accordingly.

For each scheme there is a normalised forﬁ. The read routines take numbers punched in \
STANDARD FLOATING DECIMAL (that is, such that x = o€,10P , where 1 £ |o&] < 10 end
I3 is an integer) and leave standard binary floating numbers in store. Each arithmetical
routine takes standardised numbers and produces standardised results. There is usually a
subroutine called PREPARE which takes a non-standard number and standardises it. It is usually
possible to punch standard decimal numbers.,

(1) Standard Floating Binary (s.f.b.)

A number n is represented by (a,b) such that

x = a.Zb
end “ € a& 3
or & = O (in which cease b = O also)
or 3 i
and b is an integer,

a is stored to 30 b.p. in an odd minor cycle (i.e. the integer a.230 is sto;ed)
b is stored as an integer in an adjacent even minor cycle. .

DFCS2
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A simpler way of remembering the hints on a is this: the most significant digit of a

is always P.., except of course when a = O.

30
The recommended subroutines are A13P to 'A16F. However it may be necessary to use an

older set to fit in with some higher order subroutine (e.g. GO3F). Care should be teken

since these older subroutines may contaln subtle errors. The following read and punch

subroutines are recommended:

R19F RO2F R22F/1
P{CF/2 P4 37/

Standard floating arithmetic is used in ALPHACODE.
(2)  Semi-floating Binary.
Standard floating binary numbers occupy two complete words each.

Where space is valuable, and where accuracy to more than 6 significant decimal figures
is not required, SEMI-FLOATING BINARY can be used: ("semi" refers to space requirement, not
to "floating").

The exponent b is restricted to 10 digits (i.e. =512 b < 512) and these replace the
bottom 10 digits of a, which is rounded off at this point,

stendard f.b. b even

a odd

52

semi - f.b, b a

The limit on b is not restrictive; the loss of significant figures is of greater
importance., The operation of semi floating binary is slower than that of s.f.b. since

packing and unpacking are necessary.

(3)  Block=-floating Binarv (Scheme B)

This is another sgpace saving compromise, but without the loss of accuracy of semi-floating
binary. It relies for its success on the fact that normally the elements of a matrix (or
other array) have the same order of magnitude (because, for example, they have the same

physicel meaning - pressures, stresses, coefficients, etc.).

Each element x; of the array is represented by its own X5 but there is only one p
for the whole array. The value chosen for p is such that the most dignificant digit of the

&

element (Xi) of longest modulus is P30 (c.f. notes on standard floating binary).

In scheme B matrix convention, an array of m,n elements (m rows, n columns) is stored

in mn + 4 consecutive minor cycles of the drum, beginning with m.c. O of a track, as follows:

1st track, m.c. O. g
* * * P
mecC 1 m ,‘7
e . L] n p
MeC 2 17
» * ” P
m.c. 5 ? 57
MmeCe )‘!'0 X}A
[}
MeCo 50 X'|2
ete.

(57 is the literal sum of the next m.n, + 3 minor cyeles).

Sl
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The relationships between x, X, p is as follows:
_ -P
x; i< xij°2 .
(p is the number of binary places to which x; 5 ere stored).

26,4 FLOATING AND UNFLOATING A NUMBER.

(1) When working in s.f.b. it is sometimes necessary to “"prepare" (or normalise) a

fixed point number to s.f.b.

Suppose the number is x = x.27° ~x is stored to p b.p.
We require X = a..2‘D

where ‘ “~< a<-%

or a =0

or T Lda <

We have X and we know p. We require a, b

and 8.2’ = x.27F

therefore a = X.,Z-p -b

Now o = K20 where A is an integer.
~-30 - -b

therefore A2 = X.2

therefore A = X.Z‘T)0 ~p-b

Therefore the shift up to produce A is

30-p=-b
30 =-p -8

therefore b

Where s is the shift up required to bring the most significant digit to the PBO

position,
The following sequence of instructions tests whether the most significant digit of TS 44

is & P30

2L - 14
2 - 15
26 - 27
™
C N
No Yes

(2) The converse problem may elso occur., We have a standard floating binary number,

= 4270 *P  and we wish to produce
= X,27P where p is specified,
We have x.2?P = A.2-3° +b
therefore X = A20*+P+P

Therefore the shift down is s = 30 - b - p places,

Note that we cannot have 8 £ = 1 (i.e. we cannot shift up more than one place) because
this will cause the most significant digit to be lost. A shift up of 2 pleces is, however,
theoretically possible in the case of unsigned numbers.
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26.5 POINTS TO CONSIDER.

Pixed puint working is fast in operation,economic in data storage but is difficult to
programme (and programmes are difficult to modify), requires knowledge of behaviour of all

variables and intermediate quantities, loses accuracy if a veriable has & very wide range.

S.f.b. working is simple to programme, requires no knowledge of behaviour of gquantities,
is good for problems where wide ranges are involved but is slow in operation (especially add,
subtract), requires double storage space.

Semi floating binary working needs no more space than fixed but gives far less accuracy
end is a little slower than s.f.b, There is a slight danger of exponent spill.

All the above assumes that single length working is sufficiently accurate for the problem.
If it is not double length working may be necessary, but this is beyond the scope of the

present note.

DPCS2
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LECTURE 26,
. MAGVETIC TAPE FILE UEDATING.

A. _ GENERAL CONSTDFRATIONS OF FILE UEDATING ON MAGNETIC TAPE.

02644 tline of Method.
Routines may be expected to teke something like thé following forms= -

STANDING TRANSAC- BALANCE
FILE. |  TION TAPE, | . |\ roe.

DEUCE

UFDATED

FRINT BALANC

The standing f"iJ.e ‘Sontains details needed for reference; it is never amended 6n the -
routine run, though like all works of reference it needs to be revised periodically,

The balance file canteins current information subject to chenge during the updating rune
The whole file is rewritten, incorporating the chsénges which arise, and the updated balance file
becomes the input for the next run. e :

The print tape contains the output which it is desured to print at once in the ordexr in

which it comes from the updating run, whilst the dump tape contains output which requires further
processing or ordering, or is to be held back and printed after the print tape.

DECS2
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%!&l& 1.
On a public utility billing run, the various tapes might well contain:-

Standing file: (for each customer): Account number,
Name and address,
Key to scale of charges applicable,
Details of Hire Agreementse

Balance file: (for each customer): Account number,
Cash due or overpaid,
Details of current Hire Furchase Agreements and
amount outstanding therean,
Sundry statistics.

Transaction tape: (each transaction): Account number, and details of either:-
(1) Meter reading,
or (ii) Cash paid
or (iii) New Hire Purchase Agreement.
Print tape: (for each customer billed): Account number,
Name and address,
Present and last meter readings, consumption, .
rate and extension,
Amount due on Hire Agreements,
Amount due and remaining outstanding on Hire
Purchase Agreements,

Balance brought forward,
Total due.

Dump tepe: Reminders of accounts overdue;
Queriess
Statistics of various kinds,

Notes on Example io (i) The details given are for illustration only and are by no
means comprehensive,
(ii) Periodically an extra run would be needed to revise the -
standing file.

Many variations are possible upon this pattem, and will be found in practice. Thus it
will sometimes pay to comsolidate the standing and balance files into a single recard as in our
'banking illustration in pert B; sometimes a dump tape is unnecessery, @egs in a Payroll routine
if it was necessary to dump only departmental abstracts, cash breekdowns end cost analyses, the
drum might offer adequate capacity. Sometimes a tape-printer will not be awailable and output
will have to be on cards; sometimes transaction input will be on pre-sorted cards; these last:
two cases represent wide variations from the stendard patterm and will be given separate consid-
eration at several points in this lecture.

Reverting to the standard pattem a simplified version of the procedure will be along
these lines:~
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The above diagram does not represent gquite the best technique, because not enough of the
calculation is done in parallel with tape-skipping. It would be better to lodk slightly ahead
and be positioning the Standing File ready for the next item whilst doing all the work on the
current item. This kind of consideration becomes of paramount importance where card input and/or
output is being used. Here the technique is to be working on the 2nd transaction while reading
the 3rd and punching the results of the work on the 1st transaction.

C26,2 Precautions needed.

(a) _ Protecting the Tape.

The greatest dsnger is that of over-writing by mistake information that will be needed
agein, A normal precaution will be to retain each tape for at least one period (where period
represents the frequency of the updating run) after it has been used to generate a fresh tape.
This would enable the files to be reconstructed after an accident; nevertheless it should be
looked on as a last line of defence, for such reconstruction is at least costly in terms of time.
Therefore further precautions are needed, and two will usually be adopted: (i) tape identificationm,
and (ii) use of the inhibitor ring, which prevents writing on any tape bearing the ring. Thus
a safeguard is obtained against both types of error: (i) operator loading the vrong reel, and
(ii) machine writing when not celled on to do so, The usual system will incorporate the
following points:=

(i) Every tepe to begin with an identification number to carrespond with cne visibly

written an its container;

(ii) Machine m calling for reload to indicate to operator the idemtity of the tape
coming off and that of the tape to go on;

(iii) Machine on stariing a new tape to read its identification block and check that this
is the one called fox,

(iv) All tape reels to be ringed, except when being loaded as output tapese

(b) Other Precautions,

Automatic varity checkirg is available, and should always be useds It may also be
advisable to sum each block as it is being written on tape, and to write the sum at the end of
the blocks On reading the sum can then be checked in addition to parity. Tn general, too, all
computer routines should include at least the same checks s are included in mamal systems, like
double entry, cross-footing snd control totals.

C26.3 Reproducing the Balsnce File,

In the foregoing it has been assumed that the whole balance file will be reproduced on
each run, including those records on it which are unchangeds, However, where there is a low
"strike density" on the file, i.e. where quite a large proportion of the records are unaffected,
it moy pey to introduce a supplementary Balance File containing details anly of the revised
recordse In this case an extra tape station is needed; the main and supplementary Balence Files
are read end an updated supplementary written. Of course the supplementary file gradually
increases in length and eventually reaches a point where no saving is spparent from its uses A
special run is then needed to update the main Balance File introducing all the revised records,
and the supplementary file is started from scratch again.

On a Savings and Deposit Account routine for one bank, it was found that of nearly half
a million accounts, only about 7,000 were affected each day. This represents a strike density
of about 1.4% and here it would clearly pay to keep a supplementary file, rewriting the main file
sbout once a month.
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In such a case it is also possible to employ the technique of leeping an active and an
inactive file. Accounts diplaying a very low level of activity are culled from the main file
‘and kept on an insctive file; whenever a transaction does occur on one of the accounts thus
culled it would be necessary to run the inasctive file.- Hence the ériterion for culling would be
such that there was a low probability of striking even one of the inactive aocounts on any day,

C26.4 Ordering the Datae

As the random access time on tape is quite prohibitive it is necessary to maintain each
file in a given order, and to sort transactions to the same order prior to the updating run.
This sort may be done off the computer if (i) the transactions are on punched cards, not paper-
tape, and (ii) they are punched one per carde '

Similarly the output will be in the same order as the file and may need to be sorted
before printing or before input to another computer run. For exsmple on a Raw Material Stores
updating run, the files would doubtless be kept in part number order but the mein output = priced
requisitions - had best be printed in cost code order and/or input to the costing run in that
order. Similarly the orders initiated on the run would be gathered up by supplier for issue..
Once again if the output is on cards and is one item per card, a punched=-card sorter cen be used;
otherwise a computer run is recessarye

C26.5 Number of Tape Decks.

Most of the time it will be possible to show operational savings by increasing the number
of decks used and it is necessary to strike the correct balance between these savings and the
capital cost involved. The minimum number is two, one for the Balance File and one for the
updated Balance File, The ways in which additional decks msy be used to bring operational
savings are:~- ‘

(i) To separate stending details from the balance details, thus introducing a Standing
File.

(ii) To create a supplementary Balance File as outlined in (3).

(iii) To permit input on tape instead of cards.

(iv) ToApennit output on a print tape and perhaps on a dump tape also.

(v) To allow the tape-operated printer to be run simmltaneously with the computer.
(vi) To improve sorting times.

(vii) To allow tape reloading times to be ebsorbed. Often the main files will each
consist of several reels of tape, end on each occasion that a reel is exhausted,
it will take about two minutes to rewind and about one mimute more to changes Thus
if there are no spare decks, the computer will stand idle far about three minutes
each time a change is necessary, and this loss of time is likely to become serious’;
on any long run,. If spare decks are avallable these can be loaded in advance of
of the computer's requirements, end the machine will then have more data to work on
while tape changes are taking placé.

On DEUCE the length of each block is variable — from block to block if desired - at the
programmer's discretion. Sometimes it will be most convenient to use blocks of one or two D.L's
each, so that all the work can be done in the high-speed store: normally to accomplish this a
Mark II A will be necessary. The incidence of tape start-stop times may, however, be quite
serious when such short blocks are used, and often the use of longer blocks will show time savings.
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Here the technique will be to use the drum as a buffer store for the tape, using blocks
of length up to 16 tracks. With such long blocks it will often prove advantageous to keep an
index of its contents with each block: this enablesthe programme to determine at once the
whereabouts of any record to be updateds Generally the objective will be to make the blocks
as long as possible without incurring head shifts; to find the optimum length in any particular
case requires caloulations of the times involved and no general formla can be laid downe An
illustration of the calculations in one case studied may be helpful.

Example 3.

On a banking current account run, it was required to update the balance file by
transactions already sorted and on magnetic tape. Each transaction record contained an account
number (6 decimal digits), other numericel matter (20 digits plus sign) and 6 alphabetical
characters; the decimal information had, however, already been converted to binary so that each
transaction occupied L words in DEUCE, and it was found best to have this arranged in blocks of
length each 4 tracks, i.es. 32 transactions,

Each account record was composed of account number (6 digits), balance (10 digits plus
sign), other numerical matter (48 digits) and name and address (70 alphebetical characters),
and again the numerical information was held in binary, so that each account occupied 21 vords;
these were packed 17 to a block leaving room in the 12=track block for an index of 17 wordse

There were 60,000 such accounts and 20,000 transactions, assumed to be distributed:-
1 on every 6th accounty 2 on every 20th account, 10 on every 150th acoount,

A DEUCE Mk II with four tape decks was to be used,

The method was:- .
The first block of the transactions tape was read into four

tracks of the &rum,and the first block of the accounts tape into the remaining twelve tracks of
the same head positicn. The first track of each was brought into the high-speed store and the
required account, determined from the transactions data, was found on the index to the accounts
deta and the appropriate track brought into the high~-speed store. While this transfer proceeded
(taking 16 ms) the index could be scanned for the next required account, and its transfer ordered
as soon as the first was complete. Similarly during the second transfer the work of updating
the first account could be done, znd the transfer 'bax_:k to drum of the rev:.é.ed figures ordered as
som as the last transfer was completeds In this way, all computation time, except the first
lodk~up of the index to any bloci:, was absorbed in the transfer times. Now the theoretical

time of the operation could be calculated.

Time for dealing with one block of the transaction tape:~

Read tape . . . . . . . 3 . . . . 103 m &
Transfer each track in turn, 4 x 16« « o o + o 6L ms

167 m s

If the number of transactions is called y, then there were y  such blocks, end the time

for desling with them all 167y m s. 32

32
Let the mumber of accoumts be x and the number of affected accounts be z. Time for
dealing with one block of accounts tape:=-

Read tape D ) . e . . - . . - . . 282 m s
Transfer index to high-speed store « o ¢ o o+ « 16 m 3

Lock up first affected account: find (on average) after ;‘Z- ms
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Transfer (on average) 17z accounts affected to high-speed store 16 x 172 ms
P . X

Transfer to drum the updated accounts o =« o« o ¢ o o 16x17z2 mns
x

- Virite updated tape Y . . . - - . - . . . Y 294 ms
TOTAL 592 + 5452 m s
x

There are x_ such blocks, so that the time for dealing with all was 592 x + 5457 m se
7 ‘ 17

Rewind time for the last reel must be added: allow 2 minutes. As, at sny time, on]y
three of the four available decks were being used, the fourth could be being revound and reloaded
without loss of time; +thus nothing needed to be added for rewinding any reel except the last.

-

The total time for this exercise then was:~
(' 1§2JX . 222:!1; 5h5z ) m 8 + 2 minutes, where there were x accounts, y trans-

actions and z affected accounts. Putting x = 60,000, y = 20,000, z = 12,500 the formila gave
45 minutes approx.

If short blocks had been used, the calculation would have been:-

Let each block of the accounts tape consist of one account anly, i.es 11 word-pairs.

let each block of the transactions tape consist of eight transactions, i.e. 16 word=-pairs.

The time for reading the accounts tape would be 33 m s per account, and for wziting the
updated tape L5 m s per account, a total of 78 x m s for x sccounts. That for reading the
transactions tape would be 4O m s per hlock, or 5y m s for y tronsactions, The number of
affected accounts is immaterdial, and all computation could be done during the tape start-stop
times, but the final rewind would egain have to be added, so that the total time required for
updating would become: =

(78x + 5y) m 8 + 2 minutes, or setting the values for this case as before,
82 minutes.

Notes on Example 3.

(1) The difference in time between the two methods (lony and short blocks) is quite
marked; this is because in this case there is very little computation, and the tape start-stop
times become a mejor factor,.

- (ii) In looking up the index in this examnle, the yrogramme simply started at the
beginning and worked tlrough till it found the item required; in this case as good a method as
any. Had the strike density been very low, however, time could have been saved by the more
-sophistica‘ced loock-up technigue: examine the middle item first, which will indicate which half
the required item is in. ILock next at the middle item in this half; and so on.

B,  ILIUSTRATIVE EXAMPLE: BANKING APPLICATION,

26,7 Specification,
This examplé is a demonstration current sccount routine: 100 accounts are held on
magnetic tape and 100 transections (not evenly spread) are fed for each day of a 3-day run.
(a) File data.

For each sccount is to be held name, account number, overdraft limit, report level,
current balance, details of stopped cheques, and history of the account, i.e. details of
all transactians since last statement and statistics relating to the current period of
maximum, minimm end average balances, tumover and products (i.e. sum of each balance
times no. of days held). .

DECS2



126,8

JEES2

(26,08~

(b) Transaction datae

For each transaction is to be fed account number, narrative (last 3 digits of
cheque no., or 3 alpha characters, e.ge CSH, DIV), and amount.
(¢) Other input.

Provision is also required for the file details to be amended, accounts to be
opened and closed, and statement requests to be made,
(d) The Daily Run.

It is required to read the input data, sort it to the same order as the file,
update thebalances,history and statistical details by the acceptable transactions while
rejecting any stopped cheques or debits which would reduce a balsnce below its limit;
at the same time to make any indicated amendments to the standing details and issue
statements when requested, VWhen a statement is issued, the transactions shown on it no
longer need to be stored on the file.

(e) The Final Run.

After the three days' transactions have been processed, another run is required
to print out all statements and the statistical details related to each account.

(f) General.

As many checks as reasonably necessaxry are built into the programms against
punching error, machine and tape exrror.

Drawing up the Details.

(a) Input.

It was found that the nomal transaction could be asccomnodated within 20 digits
(= L DEUCE words) end could therefore be prepered four per carde The layout decided
wasse=-

(1) Account No. - 7 digits - cols. 1 = 7« (The 7th is a check digit to ensure
correct punching of the account number.)

(ii) Card Class = 1 digit =~ col. 8,

(iii) Nerrative = 3 digits - colse 9 = 11

(iv) Amount ~ 9 digits = cols. 12 = 20, (Shillings and pence each being punched
in one colum only, so that amounts up to £9,999,999/19/11 are allowed).

Repeat for colss 21 - 40, 41 - 60 and 61 - 80,

In X overpunching in col. 1 (or 21, 41 or 61) to indicate last transaction of the
day's run.

UStatement request! or "close account" will simply ocoupy the first 8 colums
(4/C No. plus Card Class), but provision mist be made for more details to be showmn on
"openn new account” or "amend standing details" so for these two classes a whole card
is allocated.

The card class must be taken into account in the sorting run, so that where there
are two or more inputs for the same account, they will be dealt with in the correct

ordexr. Therecfore card class numbers are used as follows:-

1« New account.

2, ‘fmendmente

3s Correction of Cr. transaction.
4e Cr, transaction.

5. Correction of Dr. transaction.
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6. Dr. transaction: override limita
7o Dr. transaction: normal.
8. Statement request.

9. Close accounte.
(v) [File data.
This is also kept mainly in character form and arranged-as follows:—

(i) Vord~pair 1: Indicative information (no. of tracks occupied by this a/o,
no. of stopped cheques, no. of entries :Ln its .history)'.
(ii) Word~psizs 2 - 4: Accountholder's name (up to 30 characters).
(1ii) Word-pair 5: Account No, (7 digits).
(iv) Vord-pair 6: Current balance (up to £1 B4l ) and sign.
(v) Vord~pair 7: Report level (up to £10_8 -44 ) and sién.
(vi) Word~pair 8: Idimit (up to £ 108 12 ) end signs
(vii) Vord-pair 9: Maximum balance (up to 9(1010 - 1)) ~nd sign,.
(viii)Word-pair 10: HMinimum balence (up to £(1o -~ 1)) and sign.
(ix) Word=pair 11: Ir. Products (up to (10'° - 1) S-days)e
(x) Word—pair 12: Cr. Products (uo to (1010 - 1) £-days).
(xi) Word-pair 43; Dr. Turnover (up to £(10'° - 1))
(xii) Word<pair 14: Cr. Tumover (up to £(10'° - 1)),
(xiii)Word~paixs 15 & 16: each deteils of a stopped cheque: last 3 digits of
cheque no. and last 8 digits of amount, where known.

"If there are more then two stops, a fresh track is allocated to the overflow, and
the history then starts on the third track. Otherwise it starts on the second tracke

-‘Bach ‘transaction recorded in the history occupies three word pairs:-

(xiv) Word=pair 1: Date (5 characters) and Narrative (3 oharacters).
\xv) Word=pair 2: Amount (up to £108 -4 ) and sign.
(xvi) Word-pa:lr 3: Balance (up to 2108 - 16’) and signe.

'.[‘hus up to ’cen transactlons can be accommodated in each tracks No provision is
mde for eny aocount to occupy more then 16 tracks; each account appears as one block
on the magnetic tape.

(¢) Daily output.

First, a list of all accounts on the file, tabulated from punched cards put out by
DEUCE. Each card corresponds to one account, and showste-

(i) Colse 1 = 30: name.

(ii) Colse 31 - 37: account no.

(iii) Colse 41 = 50: balence, with sign overpunched in col. 41.

(iv) Colse 51 = 60: total of debit entries for day.

(v) Cols. 61 - 70: total of credit entries for day.

(vi) Cols. 71 - 80: the report level, if the balance on the account has fallen
below that level.

Secand, the list of rejected transactions: this shows the details of each
transaction as input and the reason for rejection, which may be one of sevent-

(i) Closure requested on account whose balance is not nil,

(ii) Error in sccount no.: check digit does not agree.

(1ii) No account held for this number.

(iv) Cheque is a stopped one.

(v) This transaction would teke balance on account below its limit.
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(vi) ==auest to open new account when an account exists for this nmumber already. .

(vii) Correcchion without corresnonding transaction.

Final ocutmuta.

First, a statemeat for each sccount on the file. Each statement is tabulated

from the following cardsi=

file.

(e)

(i) A heading card VSTATEIENT.
(ii) Name, account no. and date.
(iii) Headings: Date, Narrative, Dr. Amount, Cr. fmount, Dre Balance, Cr. Balance.

(iv) A carxd for each entry cn the statemmte

Second, a list of the statistics held for each account, as already shown on the

The Programmes

The dzily run divides into three varts:-

(i) Read transactions, Read the date caxd and calculate the date as a day
number (this makes easier the subsequent calculations);

read each transaction and check its account numbex;
accumulate the amounts; partially sort the transactions,
making strings of 8 before storing on the drnun; read
the total card and check that this agrees with the
accumilationse Block flow diagram follows .

(ii) Drum sort of tremsactions.

This is done by a standard programme in the library.

(1ii) Undate File and Piunch Bolances.
Read each account; if it is an affected one determine

the card class of transaction and take appgropriate
sotion on the account. When work (if eny) on each
account is finished, punch a card for the Balance List,
Store details for any statements called for and of
transactions rejected, punching cards for these classes
at ti2 ends Block flow diagram follows.

In additicn, the final run rrodices statements and statistics, eliminating the

history from the file.



PART 41 - READ TRANSACTIONS.
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PART 2 sorts the transactions into order on the drum,
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PART 3 -~ UPDATE FIIE,

The last entry on the Balance tape is a dummy having a key greater than any possible

account mumber: this is the end-of-file marker. In the sort routine a similar dummy has been
generated after the last transaction.

DECs2
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Tape 1 contains the Balance File, with stops and history.

Tape 2 is to contain the updated Balance File.

Tape 3 is to contain rejected transactioms.

Tape 4 is to contain details for statements requested on the run.

The drum contains the transactions, and area A in the high-speed store is reserved for
the transaction currently being operated one

Area B (one head-position of the drum) contains the account being operated one

Area C of the high-speed store is reserved for corrections,

Area D is reserved for the formation of output information until it is ready to punche
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LEGTURE_27.

AN _OUTLINE OF STAC.

27.1 INTRODUCTION.

Half the battle of solving a problem is finding a set of rules which, faithfully
carried out, give the answer. This work is usually quite difficult, and is tackled with
energy end enthusiasm by human brains of high calibre. Having achieved this much, the brains
tend to be somewhat less interested in the other half of the battle, which consists of
slogging out these rules to produce a result, and seek to delegate the work.

On this course, you have been learning how this wérk my be delegated to DEUCE, end,
more than likely by now, you are dismayed to find that you have jumped from the frying pan
of manual computation into the fire of programming! But you are at an sdvantage in thet
other people have jumped before you, and they have made good progressr towards quenching
.the flames, Mény devices now exist to alleviate the burden of programming; the simplest
of these are the subroutines which save replanning and recoding operations of frequent
ocourrence such as finding a; square root or sorting a string of nmimbers into ascending order
of size, but a bolder type of programme actually throws dback some of the drudgery onto the
DEUCE itself.

27.2 THE STORAGE ALLOCATION AND CODING PROGRAMME.

The STAC programme (an abbreviation for STorage Allocation and Coding) is of the latter
type, and it can be used to eliminate the more mechanical s teps when writing a programme in
the basic DEUCE instruction code. What you have to do is:-

(1) Desoribe the computational method by diaegrams in which short sentences and/or
algebraic expressions represents steps in the computation and arrows indicate the order in
which the steps are to be performed, including repetitions and alternative paths which are
to be decided from results of previous steps. (See Example 1).

(2) Divide these steps into smaller simpler steps each of which can be written as e
single DEUCE instruction or an ¢xisting subroutine of instructions, This sequence of DEUCE
instructions is calied the Flow Diagram.

Each DEUCE instruction specifies & Source and g Destination, Either of these may be
e computer address, However, it is not necessary to fix all these addresses while writing the
flow diagram; in fact there are places where you may write symbolic addresses in the flow
diegram which can later be allocated real addresses. (See Example 2).

(3)  Punch this flow diagram, in decimal and with one instruction per card,using the
layout spzcified for STAC input end hand over to the DEUCE and STAC,

Vhat STAC and the DEUCE will do for you is:~
(1) Allocate real computer addresses to each symbolic address and to each instruction,
(2) Code the instructions i.e. write them in the form the DEUCE understands,

- (3) Punch the binary instruction cards, and also alphanumeric cerds that can be
printed to give a flow diagram with instruction locations and a directory of symbolie
addresses with their real address allocation,

27.3 PREPARING THE FLOW DIAGRANM,

This section, on preparing the flow diagram, is intended to give you an appreciation of
the scope and limitations of STAC; it does not give a full account of all the facilities
included in STAC, nor does it include operating details such as punching formats or pack

assembly, since this is written out in the STAC Programming Manual (Ref.1).
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27.4 OVERALL ORGANISATION.

Some of the facilities provided in the STAC scheme have been chosen to make the
writing of a large programme as convenient as possible., However, the presence of these

facilities does not exclude the possibility of doing small jobs such as coding a subroutine.

In dealing with a large progremme, the flow diagram should be split into sections.
These sections will be translated separately from STAC to DEUCE code and then should be
assembled into a complete pack using some sort of control scheme.

A control scheme has been specially devised for STAC-produced sections which

incorporate various progremme testing facilities (Ref.2).
The minimum requirements a section must meet are:=-

(1) A1l the instructions must fit into the high speed store (i.e. overwriting of
blocks of instructions from c ards or the drum during the execution of the section is not -

permissible),

(2) The available stores in D.L's 1 = 8 (i.e. the NIS D,'Ls) must be sufficient to
accommodate all instructions without explicit computer addresses and all symbolic address

(whether they are instructions or not).

From this it may be seen that division into sections is necessary to accommodate
all the instructions. In fact, at the end of each section new instructions are fetched from
cards or from the drum. Therefore, when splitting a flow diagram into sections, care
should be taken to ensure that where possible divisions do not cut across inner loops.

27.5 A SINPLE SEQUENCE OF INSTRUCTIONS.,

The flow diagram should consist of sequences of instructions, which will normally be
DEUCE instructions. Each DEUCE instruction should specify at least a Source and a Destination,

CeBe 110 -13
192 - 25
13 -110

The instruction sequence is normally specified by the order in which instructions
are written down,

27.6 SYMBOLIC ADDRESSES.

NIS D,L. storage positions used to store instructions, numbers or patterns may be
referred to symbolically. There are 100 symbolic addresses, written R1’ R2, eoey RﬁOO‘
27.7 A SEQUENCE OF INSTRUCTIONS USING SYMBOLIC ADDRESSES.

The Source or Destination of an instruction (not both) may be a symbolic address
e.s. R22 had 13
14 =25
13 = Ry

However, an instruction may not specify transfer between a D.L. store and a symboliec
address,

€.8e 327 - R19 is not allowed,

Note that the various requirements of a symbolic address must be compatible with its
being allocated a D,L, address by STAC

.8 R18 - 192 and later

R18 = 193 is not allowed,
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27.8 LENGTH OF TRANSFER.

An instruction may also specify a length of transfer
eeBe b4 -13
27 =25 (5 mc's)
13 -4

Provided neither Source nor Destination are symbolic addresses, the length of transfer
may lie between 2 m.c's and 33 m.c's inclusive., Otherwise, only a transfer of length 2 m.c's

is allowed. For example, R16 -~ 18, (2 m.c's) may be written end this means trams fer

1
R16 to 181 and R17 to 182. R16 and R17 will be allocated real addresses in the same D,L.

end in adjacent m.c's.

27.9 INSTRUCTION LOCATION AND NEXT INSTRUCTION.

Since a sequence is normally specified by the order in which instructions are written
down, it is not normally necessary to refer expllicitly to the addresses at which instructions
are stored., However, there are circumstances in which explicit references to instruction
addresses have to be made, nemely |

(a) the instruction is to be moved or involved in arithmetic operations, in which
case all references to it must be by its address (symbolic or real) including its execution,

(b) the above sequencing rule is broken
(¢) storage is allocated mamally.

To deal with these cases, an instruction may specify its instruction location and/or
its next instruction., They can be either real or symbolic addresses.

27.10 JUMPS.

‘Unconditional or conditional jumps in a sequence of instructions may be made. An
instruction which leads to an instruction which is not the next in the STAC pack will be
" called a jump instruction. An example of an unconditional jump is:-

W =13
28 -~ 25

1 =13

19, = 1!
L 2,

An unconditional jump is specified by allocating an instruction location to the

instruction to which the jump is to be made and put the next instruction of the jump

instruction equael to this insfruction lecation,
e.g. the above exemple might be written

R 12 - 13

19
28 - 25
°
14 -~ 13
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A conditional jump occurs when the jump instruction is a discriminative instruetion,
i.e. has destination 27 or 28 or is 2 ~ 24, Such an instruction has two possible next
instructions, the natural next instruction and the unnatural next instruction (the natural
next instruction being teken if the source contains gzero in the case of destination 28, or
& positive number in the case of destination 27, or if the TIL signal is not on in the case
of 2 = 24).

eogo 13"28
0/ \ 2
\
1 - 16 15 - 26
This is specified as follows:=
(1) Allocate an instruction location to the natursl next instruction.

(2) Make the next instruction of the jump instruction e qual to this instruction
location,

(3) Then sllocate the instruction location of the unnatural next instruction as
follows:= if the instruction location of the natural next instruction is a real computer
address, then allocate the next m.c. of the same D,L. If it is a sumbolic address, allocate

the sumbolic address with subscript one greater.

€8 13 = 28
.,.J/ “h'\_.
0 //,," \ ﬁ
yd \
1,8 14 - 16 11‘9 15 = 26
€ e 1?/- 28
o .- R
.f \\
R5 1l - 16 R¢ 15 = 26

27.11 MANUAL STORAGE ALLOCATION.

The programmer may wish to allocate real computer addresses to a sequence of
instructions, for example to obtain optimum coding in a tight loop. These addresses are

written as instruction locetions,

Quasi .

An instruction may also specify a *quasi' m.c. i.e. the minor cycle from which the
instruction is obeyed if this is different from the one in which it is stored. It must
be a real minor cycle number not symbolic, One of its uses if for instructions obeyed

via destination O,
€ule 13- 0
27.42 SUBROUTINES.

Library subroutines may be conveniently included in the flow diagram. To this end,
each subroutine or each entry of a multiple entry subroutine in the library has been
identified by a three-digit serial number, A subroutine also has a position which is
defined as the number of the lowest D.,L. occupied. Most subroutines are available in

several positions,

To use a subroutine, the subroutine cards in the position required must be reproduced
from the subroutine library and included in the STAC pack, The STAC instruction to include
the subroutine in the flow disgram is written SXYZ/T where XYZ is the (3 digit) seriel number
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of the subroutine (Ref. 1, Appendix 1) and T is the position of the subroutine. STAC
autometically. produces: instructions whieh:plant ‘the link; enter the subroutine in the correct
m.c. and obey the link from the correct quasi m.c. (the link is taken to be the instruction
immediately £ ollowing the subroutine instruction),

. 2.£+ & possible sequence is
15 = 14
S146/5
13 = 1O1

If 8146/5 were a subroutine of order 2 with link in 13 and entry in 526’ this might
get coded : '

by 15 = 1k

hog  hpym 13

226 o
,8146/5

Oy (b~ 13 =10,)

However, STAC does not plant parameters in subroutines and these must be dealt with
manually,

27.13 ORDER OF PRIORITY.

The speed of the resulting programme can be: affected by the storage allocation and is
generally better when there is a bigger selection of unallocated addresses, A sequence of
instructions may be given priority over other sequences of instructions, when instruction
eddresses are being allocated, by giving the first instruction in each sequence a priority
number. (A sequence is taken to mean a sequence in the STAC card pack). Priority

numbers range from 1 to 9, a small number indicating a high priority.

2714 FACILITIES FOR THE MORE EXPERIENCED DEUCE PROGRAMMER.

Facilities are included which aid the experienced DEUCE programmer to perform

arithmetical operations on instructions to generéte new instructions.

27.15 FUTURE DEVELOPMENT.

At the time of writing, STAC is one of the newest additions to the DEUCE programme
library and we have not had much chance of seeing it in action.

We have done our best to meke the programme do all the manual claims it does, and
we are hopeful that you will have no trouble on that score, However we are less sure
that the manual describes the programme for storage allocation and coding that is most
convenient for your application, as we were eble to sound the opinions of a rather limited
number of DEUCE users when drawing up the original design., We are already aware that it -
has various shortcomings, and we would welcome yoﬁr criticisms and suggestions, Please
address these to Miss A, Birchmore, E.E.Co, Ltd., London Computing Service, Marconi House,
Strand, London W,C.2, who will attempt a second version if there is sufficient demand.

References.
(1) STAC Programming Mamual, (DEUCE News No. 38).

(2) Control Programme for STAC-Produced Sections, (2C20T, No. 483).
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Example 1.
Logicel Flow Diagram of s Programme to Calculete the Cubes of the First n Natural

Numbers  (n € 41),

e

Read n

Clear Reader.

a Calculate

t2 with O b.p.

Calculate
t3 with O b.p.

|

Calculate
t .
10& with 27 b.p.

|

3

o‘r'

Store in

| next m.c. of QS 17

-

|
|
!
J

Add 1 to t.

!

? is QS 17 full

| lnsﬂvwwnmomwwp SO
et ;
! yes
e mmmmmmmien e b T
i Punch 4 5 digit nos,
; (i.e. cubes with O d.p.)
{ ;
S ! =
?21st pn ;
. E— -
no
e o - yes
i
L -
Clear Punch. g
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Examgle 20
STAC Programme to Calculete Cubes of First n Natural Numbers (n & 44).

19, = 14

2% = 14 (16)

R3 - 15 (R3=3P17)
R, - 13

25 « 25

21, - 16

UGy (B 16 = 175
19, = 13
27 =~ 25
25 - 28

oo s e

?:5507/2_4? (1.e. POL/1)
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Extra DoL's on Deuce MK,ITA

The Deuce MK.IIA is fitted with an extra seven long DLs, available for either data or
instruction storage. They are referred to as DL 1A to 7A, but require some addition to the
normal order code to control their use,

Source and Destination.

The source and/or destination may either refer to the ordinary DL's 1 - 7 or to the
extra DL's 1A - 7A. The distinotion between the two is controlled solely by the ‘P1 digit of

the instruction, irrespective of whether the instruction itself is obeyed from the ordinary
DL's or the extra DL's
The rules are therefore:-
1) If either the source or the destination refers to the "A" delay lines, the
instruction will have a P‘l
2) If neither source or destination refers to the "A" delay lines, the instruotiom
will not have a P1
3) Only sources and destination in the range 1 = 7 are affected in this way by
the P, digit.
4)  Transfers from DL 1 = 7 to the "A" DLs or vice versa are not possible,

Next Instruction.

The decision on whether the next instruction oomes from the ordinary DL's or from the Al
DL's depends on the state of trigger circuit 'C' (TCC)., If TCC is off, the next
instruction source refers to the ordinary DL's, If TCC is on, the next instruction source
refers to DL 1A - TA or DL8.

The control instructions for TCC are:-

14 = 24 (s) Put TCC off.

14 - 2¢ (1) Put TCC on,

The next instruction source of the TCC switching instruction depends on the state of
TCC after obeying the switching instruotion,

ices 1, 1k ~ 2 (1) will take the next instruction from DL 1%

1, 14 = 24 (s) will take the next instruction from DL 1
TCC does not affect NIS 8
TCC is automatically cleared by initial input,
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Deuce Destination Triggers.

The following is a complete list of Deuce Destination Trigger as at 1st June, 1960,
It should be noted that some only apply to particular types of Deuce, and use various parts
of the instruction word in addition to the normal source, In view of this, any destination
trigger instruction should be coded exactly as required with no extraneous digits at all, to
avold incorrect operation on other Deuce installations.

1)  Control of Deuge snd Peripheral Equipment.

0~ 2
1 -2
2 =24
2 -2
3=24
4 -2
5-2
6 -2
17-24
8 -2
8 - 241
9-2
9 -2,
10 - 24
40 -~ 21
1M -2
12 - 24
12 = 241
13 - 24
13 -2
1% -2
W -2
15 -« 2,

Stim mult

Stim divide

TIL (64 or 80 col)

TIL (Paper Tape Punch)

Stim TCA

Clcar TCB

Stim TCB

Clecar alarm

3tim 2loria

Cleny OFS

Swuiteh tof3 field for 64 col card punch.

Clear card read or punch or paper tape punch or graph plotter,
Clcar paper tape recad

Stim card punch for 64 col operation

Stim card punch for 80 col operation, Read store starts in m.c,
(n + W + 2) of DI12 therefore punch store starts in m.c. (m + W + 18) of DL12,
ot used

Stim card reader for 64 col, operation

Stim card reader for 80 col, operation. Read store starts in m.c.
(m + W + 2) of DI12 therefore punch store starts in m.c. (m + W + 18) of DL12,
Stim paper tape read

Stim paper tape punch or graph plotter.

Clear T.C.C,

Stim T.C.C.

Not used,

2) Control of Magnetic Tape Equipment,

16 - 24
23 - 2

2 - 2
2 - 241
*« P2 - 2
¢ P1,2 - 2
25 - 2
25 - 241
* P1,25 - 2,
* P1,25 - 2,1
26 - 24
27 - 2
28 - 2
28 - 241

wpcs2
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Select tape deck N where N = 5 - 16

Transfer 11 characters/word pair from magnetic tape

Transfer 14 characters/word pair to magnetic tape

Group sequence transfer: Transfer 11 character/word pair from magnetic tape
Group sequence transfer: Transfer 11 character/word pair to magnetic tape
Transfer 10 character/word pair from megnetic tape

Transfer 10 character/word pair to magnetic tape

Group sequence transfer: Transfer 10 character/word pair from megnetic tape
Group sequence transfer: Transfer 10 character/word pair to magnetic tape
St4m  Virite record gap

Revrind

Skip forward one block

Skip forward to next record gap
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29 ~ 24 Skip backward one block

29 - 241  Skip backward to next record gap

30 - 24 Test parity indicator

M -2, Clear write record gap, or interlock until outstanding magnetic tape fumction
(except rewind) are completed. Previously called 'inactive',

The P22 -« 25 digits in a group sequence transfer instruction indicate the number of
word pairs to be transferred to or from the first D.L., commencing at the word pair
indicated by (m + w + 2)e There after, transfer will be for 16 word pairs, If
P22 - 25 digits are all zero, the first transfer will be for 16 word pairs,
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DEUCE_PROGRAMMING FRACTICE.

INTRODUCTION,

The lectures given in the first week of the Programming Course have aimed at
expleining the facilities which are aveilsble on DEUGE. The short examples after each lecture
have been in the nature of five finger exercises demigned to illustrate the use of
each of the geveral funotions, The next task is that of learning how to use the
DEUCE to solve problems. Three programming examples have been chosen to give students
some practical expérience..

Any attempt to programme a problem should be started by asking and answering certain
questions. In broad outline these are:=

(a) How will the data be presented?

(b) Tow will the results be put-out?

{c) Are subroutines required?

(@) 1Is this a single or milt-section programme?

Many other points of detail will need to be cleered up before detalled programxﬁng
can begin and each example is accompanied by a questionnaire which illustratesthe kind of
question an experienced progremmer would formulate in his attempt at the problem.

Programming Example No. 1.has been largely completed in the preliminary stages. A
logical block diagram is provided and the problem will be completed when the logical diagram
is translated into DEUCE instructions. All students are requested to meintein the highest
stendard of neatness in prepering logicel diagrams, flow diagrams and coding sheets.
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DEUCE PROGRAMMING EXERCISE NO.1.

SPECIFICATION OF PROZRAMME.

nunbers from n

Write a programme which calculates, stores and punches the cubes of the natural

’ to nz.

Limits of Data.

n & 102 (29

na-n1+1 £ 320

1« The programe should read in n, and n, in binary from the Y and X rows respectively

of the one input card.

2. Test if n, < 102

3¢ Test if n, = n, + 1 € 320,

Le Caloulate and store oubes from n15 ton 5 .

5¢ Punch out cubes in binary, 12 per card from n15 to n25.
6« Return to the beginning to repeat for different ny, 0, values,

Test Datas

(e) n, =1

(v)

I\?” _E-"
n
N
w

(o) ny =1

(a) n, = 1
s 2" to cheock fallure,

(e) n, =1
n, = 512, to check fellure,

(£) Any ny, Dy

Questionnaire.

1o Wy is n, limited to 2'%

Answer, (2'%° = 250 which 1is inside single length. 2'° s a convenient upper
limdt,

2, w}wisnz-n¢+1;:|m1:edt0320?

Answer. The number of oubes is n, - n, + 1. It is estimated that the programme
will need 2 delay lines only leaving 10 delsy lines for results i.e.
320 wordse

3¢ Vhy are so many sets of test date recommended,

Answer. (a) Ohecks that cubes are being formed and stored.

Dres2

(b) Checks that storege extends correctly beyond one delsy line,
(o) Checks that storage extends correctly through all delay lincs.
(4) Checks the failure loop for n, > 2'°,

(e) Checks the failure loop for n, = n, + 1> 320,
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DEUCE PROGRAMMING EXERCISE NO.1e

LOGICAL FIOW DIAGRAM.

Read n,
Read n,
Stop Reade
10
Is ny> 2
y NO
Give failure Is ny™n, +
indication
Lno 2 2‘1.6 ! > 320.
=
Give Teilure T
indication Set n=n,
L nyony, + 12 320 ..
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LEUCE PROCRAMMING EXFRCISE NO.2.

STATEMENT OF FROELRM,

A sum of money £C is borrowed at p% per annum compound interest, to be repaid over e
period of n yesrs in equel annual instsiments. What is the emount of the anmual repayment,
expressed in pounds, shillings snd pence rounded up to the nearest penny above?

Formule to be Usede

The annual repayment £x is given by the formule:=

x="2"
--—_-.-1—0.0. whe d 1
1_*11 re = 1 + p/100

Lirdts of Datae
The progremme should be valid for any combination using the following renges:-

< 10,000 to nesrest integer,
1g ps 0 to three decimel places.
<

40 to nearest integer,

Specification of Problem.

Write a DEUCE progremmc whichse

(2) Reads the 3 velues C, p end n from a single card punched in decimsl, using
subroutine RO3,

(b) Caloulates the repayment x, using fixed point single length arithmetic, without
using multiplication or division subroutines.

(¢) Punches the result in decimnl, using subroutine PO3.

(&) Returns to step (8) to read another card, so that any number of cases msy be
computed without reading in the whole progremme again.

The following questions and instructions are typical of those which a competant
programmer will ask end follow himself when planning the method of attack on the problem.

A1l students are expected to answer the questions and following the directions.

1« Do you understend the problem as specified in the problem stetement?

2 What is the significance of date limits?

3 What is the significance of the 3 decimal places in the specification of p?

Le  Vhat will be the rcpresentation of p in DEUCE after it is read from s
card and converted to binary by subroutine RO37

5 What is the maximum value of p?

6. Vhat is the meximm valus of F/100?

7.  Wnat is the binary value of (®/100) . ?

8, What is the maximum nunber of binery places permissible for (¥/400) . when
held as a single~length signed DEUCE number?

9, What is the maximum value of oL ? What value of p determines this?

10, If it is decided to form et by first forming 1 + P/100, how meny binary
pleces ere permitted? With this number of binery places, what is 1 (in the expression
1 + P/100) es a DEUCE WORD? |

11, What other method can be used to form <X 2

12, How many binary places can ol have as a single-length signed number?

13, To round off ok correctly how meny places should be obtained:=
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(s) Tbefore round off?
(r) after round off?

1he If of is caloulated by dividing 1 by 1 + £/100 what velue must the 1 in the
numerator have to cbtain 31 b.p. from the divider sssuming 1 + P/100 has 30 b.p.

15« Is o« n ever greater than 17

16, How many binary places are required for oc¢ By

17. How will ol be formed in the programme?

18. ever greater than one? What value of n meximises --Pﬁ-o%- ?

Is ===

f=ot?
19, How many b.p. are suitable for -EL"%?-
1 = ol
. : p/1o%0 .
20. Why is it prefersble to form *==, and subsequently mltiply by C instead

,17-.,(
of forming CP/100 and dividing by 1 -&

21, Vhat is implied by the requirement that x is round:d;zp:rda?
C P/100,
?

22, What units does x repregent after the celculation

et

23+ How cen x be converted to £. s+ de?

2he What will be the maximum number of figures in any of the £. s. d. output figures.
25. Do you fully understend all the information on R03?

26, Do you fully understand all the information on PO3?

Instruction 1.

After ell the above quéstions have been answered by a student to a tutor's satisfaction
he may proceed to prepere a LOGICAL FLOW DIAGRAM of the progremme. No student will be
permitted to write DEUCE instructions until a LOGICAL FLOW DIAGRAM has been approved by a
tutor.

Ingtruction 2,

After a students logicel flow diagrem is approved he should prepare a DEUCE flow
diegram of instructions. This must be annotated to show binary places used in calculations
and to indicete partial result variables.

When an instruction flow diagrasm has been prepared and checked by a tutor it will
be punched end coded by N.R.L. coding assistants,

While a progremme is being coded and punched students should prepare test deta
figures,

Instruction 3.

For test data C = 10000, n = 1, p = 10 prepare binary patterns corresponding to those
ugsed at different stages of your programme for

P/100
1 + P/100 (if used)
-8
P/100
1 =l
Integrel part of c? /100
I
Make sure you know the TS, DS or D.L. positions of each of these before you
go on the 1st machine run.
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DEUCE_FROGRAMMING EXFRCISE NO.3,

STATEMENT OF PROBLIM.

of cepital borrowed at p% for a period of n yeers.

It is required to conatruct a teble of values of the annual repsyment £ for £1
Entries are required in the table at

intervals of S n years between the limits n, &nd ny, and é‘ % between the limits of P,
and p2. '

Formulation of Problems

For an interest rate of p% and a term of n Yeers, the repayment £ on £1 of borrowed

capital is given by:-

- 1
x = _100 where of = -0
1 —a® 14/100
Limits of Problem.
Py Z 1,000 n, 2 1
p <2 0.001 ne 1

Specification of Problem.

Write a programme tos=

(2) Reed Pys $p, P, in decimal from one card.

(b) Read n,, én, n, in decimel from one cerd,

(e) Calculete x for all combinations of n and p within the limits defined by the date.
(d) Store the values of x continuously on the magnetic drum, separating each

set of entries having the seme value of p from those heving a different velue of p by a

suiteble marker.

(i.e. /100 to the seme mumber of binery places as the values of x).

(e) A failure indicetion should be given if the capacity of the magnetic drum is
exceeded,
(£f) When all velues of x have been stared, the resd should be called, 1, cleared,

and the next instruction taken from 10 to ensble u second progremme to be read in to puch

out the results.

Students are NOT asked to programme this punch routine,

Testing of Programme,

The following values should be used for testing the programme:=-

Test 1 (to check caloulation).
p, =1, §p =9, p, =10
n1=1,3n==1, n, =10
Test 2. (to check storage) Py =1, $p = .125, P, = 10
n1=1,3n= 1, n, = 40
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DEUCE PROGRAIMVING EXERCISE NO.&4

1 STATEMENT OF PROBLEM,

A manufacturing and retailing organisation uses a computer for cventralised
stock~taldng, Each branch is supplied from one of three warehouses and sells goods which
are classified in three main groups, WET, DRY and BOUGHT OUT. Stock totals are required for
all goods of each type from each warehouse, In addition, notification of excess stock
value is required for one item in the BOUGHT OUT category.

2. DATA DESCRIPTIONS,
(a) Branch Stock Card, Use: INPUT
Card C Remarks,

1 -15 Branch Nane,

16 Warehouse Code, A = Kidderminster
B = Reading
C = Doncaster

17 Goods Code. J = WET
K = DRY
L = BOUGHT OUT,

24 - 22 Catalogue Number,

26 - 30 Quantity

M -~ 32 Catalogue Number

36 - 40 Quantity

4 - 42 Catalogue Number

46 - 50 Quantity

51 - 52 Catalogue Number

56 - 60 Quantity

61 - 62 Catalogue Number

66 - 70 Quantity

-1 Catalogue Number

76 - 80 Quantity,

Notes:= (1) All quantities are five decimal digits, fully punched,

(44) Catalogue codes are a numeric character preceded by the goods code
character, All catalogue numbers on one card have the same first
character, For exanmple, on a J card (col. 17) the catalogue numbers
are:

Col 21 - 22 J1
Col 31 - 32 J2
Col 41 - 42 J3
Col 51 =52 3
Col 61 - 62 J5
Col 71 - 72 J6
Catalogue numbers are not required in the programme,
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(b)  Description Card. Use INFUT,

Output cards bearing the totals for each warehouse and goods type are required
to carry the appropriate code characters in Cols. 16 and 17 and the warehouse name
in Cols. 1 =~ 15, These desoriptions must be read into the machine on description
ocards which are identified by a "D" punched in Col. 20.

Card Col, Remarks.
1-15 Warehouse Name

16 Warehouse Code
17 Goods Code

18 - 19 Blank

20 "Dﬂ

21 - 80 Zeroes

Note:= There are nine description cards.

(c) End Card. Use INFUT

To indicate the end of input data an "END CARD" is recognised by the code
letter "2" in Column 20, This END CARD is also used to place the desoription
GRAND TOTAL in the delay line used for check totals (see later),

Card Col, Remarkse
1 =15 GRAND TOTAL
16 - 19 Blank
20 ngn
21 - 80 Blank
(d)  Warehouse/Goods Totals. Use. OUTPUT,.

At the end of processing, nine warehouse/goods totals are regquired,

Card Column, Remarks,

1 =15 Warehouse Nane

16 ' Warehouse Code

17 Goods Code

18 ~ 19 Blank

20 ‘ npn

21 - 30 Total of all input data Cols, 26 - 30

from input cards with same warehouse
and goods codes,

31 - 40 Totals of relevant input data Cols,
36 = 40

4t - 50 Totals of relevant input data Cols,
46 - 50

51 - 60 Totals of relevant input data Cols.
56 -~ 60

61 - 70 Totals of relevant input data Cols.
66 ~ 70
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(e)

(£)

(g)

Se

sums of

DPCS52

«0%=

Card Column, Remarks,
™ - 80 Totals of relevant input data Cols,
76 - 80

Note:= It will be required to read these cards in as descriptor cards if a restart
is necessary.

Grand Total Card.

A card with six totels of all corresponding input data from all cards

Card Col. Remarks.

1-15 GRAND TOTAL

18 - 20 Blank

21 - 30 Total of all input card Cols. 26 -~ 30
3 - 40 Total of all input card Cols, 36 = 40
41 - 50 Total of all input card Cols. 46 =~ 50
51 = 60 © Total of all input card Cols. 56 - 60
61 - 70 Total of all input card Cols., 66 - 70
71 -80 Total of all input ocard Cols. 76 - 80
Error Cards, USE. OUTFUT,

Any Branch Stock Card with a code other than A, B, or C in Column 16 or bearing a
code other than J, K, or L in Column 17 must be treated as faulty. The erroneous
code must be replaced by an X in the appropiate column and the card punched out with
all other columns the same as the input card, »

Card Format. Same as Branch Stoock Card except in either Col. 16 or Col, 17 which
should bear an X code 1f the corresponding input column does not bear a valid code,

Excess Stock Card.

Certain branches are overstocking items L6 (card columns 76 - 80), Notification
is required if the stock value of these items exceeds £200, Stock evaluation may
be taken at 10/- per 100 items, '

Card Format, Card layout is the same as for Branch Stock Cards with the addition
of a code letter E in Column 20,

PROGRAMME SPECIFICATION,

Write a programme which reads all input data in the 80 columﬁ mode and forms the
all corresponding quantities on cards of similar type as follows:

W/H Code Goods Code Sums formed on Tracke
A J 0/0
A K /1
A L o/2
B J 1/0
B K 1/1
B L 1/2
c J 2/0
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W/H Code, Goods Code , Sums formed on Track,
c K 2/1
c L 2/2

In addition sums of corresponding columns from all cards are required in D,L.1A,
Card Columns 41 = 20 of descriptor cards are to be placed in the corresponding
minor oycles of the sum tracks designated by the codes in Columns 16 and 17,
Notes All cards must be checked for valid codes in Columns 416 and 17 and in the event
of an error the appropriate column must be changed to an X code and an error oard
punched out, The stook value of quantities for items L6 are to be compared with £200,
Any branch overstocking must be indicated by an output card with all branch details as on
Branch Stock Cards and a code letter E in Column 20, The cost of L6 stock is to be taken as
10/= per 100,

When input card processing is complete - indicated by an END CARD - the title from
the END CARD (Cols. 1 - 20) must be placed in the appropriate minor cycles of D.L.1A (after
the Z designator has been replaced by a blank column) and the Grand Total and all
warehouse/goods totals are to be punched out,

4 SUBROUTINES,

All addition is to be performed in charaoters, i.e., using a decimal addition
subroutine No G 03, Full descriptions and instructions for use are provided,

To multiply the quantities L6 by 1.2 pence it will be necessary to oconvert the
quantities from character form to binary., To do this use subroutine C15; deteils are
provided,

e STORAGE ALLOCATION AND PROGRAMME METHOD.

(a) TUse D.L, 10 as the buffer store for input. card data while the next ocard is
being read into D,D, 12,
(b) Use D.L. 9 as the auxiliary D.L, in which to form the sums of quantities
before transfer (via D.L.11) to the drum or to D.L, 14,
(¢) Error Cards and Excess Notification Cerds may be punched while another input
card is being read, using the DUAL READ-PUNCH facility of the 80 column machine,
(d) A1 programmes must starts

12«2, 1

2«24 nz

s
12 = 10 (16 m.c.)
12-2, 1
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PROGRAMMING PROCEDURE.

1.

-

3
L.
5e
60

7.
8.

Make out 80 column storage allocation sheets for each type of input and
output card,

Prepare a2 block schematic diagram of the problem,

Get

the above work checked by a tutor before proceeding.

Prepare a DEUCE flow diagram from the blook diagram.

Code the programme,

In return for a similar service get your colleague to check the coding
thoroughly.

Submit the coding sheets for punching.

Whilst the cards are being punched, prepare a plan of campaign for testing
the programme on DEUCE,

Programme Construction and Testing,

Before any attempt is made to draw the block diagram for this programme or to
write the DEUCE flow diagram students should consider very carefully the following
questions,

1.
2.
3
L.
5e
6
7.
8.
9e
10,
11.

12.
13,
('
15

164
17,
18,
19
20,

22,
23.

25

Have you read the Problem Specification?
Do you understand the requirements of the problem?
How is a Descriptor Card recognised?
Do you know the character value of "D" in DEUCE code?
Do you know where to find the value of "D"?
How is an END card recognised?
What is the value of 2 in DEUCE code?
How is a Branch Stock Card recognised?
What information exists in Cols, 16 and 17 of Desoriptor Cards?
Is card order essential for desoriptor cards?
What is the function of the codes in Cols, 16 and 17
(a) 4n the problem generally?
(b) in the programme?
If the code in Col, 16 is not A or B or C what action is to be taken?
If the code in Col, 17 is not J, K or L what action is requested?
Do you know the value of an X in DEUCE code?
Is the same amount of processing required for all types of Branch Stock
Card? ‘
Which type of Branch Stock Card require extra processing?
What extra processing is required for Type L cards?
What calculation will be necessary for the extra processing?
Are constants required in the calculation?
Do you know what these constants are (a) in decimal?
(b) in binary?
Do you know how to calculate the binary constants?
Have you prepared 80 col. storage allocation sheets for all types of card?
What purpose do you think is served by meking out such sheets?
If the programme is constructed to caloulate and process one card while
reading the next card is there a starting problem?
Until one card is completely read can any processing begin?
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26, How does the machine know when a-card cycle is complete?

27. How does a programme interrogate the reader (or punch) to find if a
card cycle is complete?

28, If there are 2000 Branch Stock Cards how long should the programme take
to run assuming 10% error and excess cards?

29, If there are 2000 Input Cards and no error or excess cards how long is a
processing run?

30, If all 2000 Input Cards are errors or excess cases how long 18 a processing
run?

31e Is there any information on an end card other that Z in Colum 20%

32+ Do you know how to use the extra information?

334 Do you know how to change a Z to a blank column?

34e Do you know why a restart facility is necessary?

35 Do you understand how to restart?

Programme Testing,e

It is essentiasl for programmers to acquire efficiency in testing their om
programmes, This does not come all at once and entails a fair degree of pre~
machine preparation,

A programme is not correct if it fails to pass through all the intended
instructions in the correct sequence. A programme is not necessarily correct even
when it does pass through all the instructions, Some of the instruotions may not
do what the programmer intended and some essential steps may have been omitted.

To check programme continuity we use PROGRAMME DISPLAY and for correct
operation we can use a combination of test date runs and POST MORTEM,

Programme Testing Exercise No, L.

The following paths must be checked

(a) The read-in path

(b) The A code path

(¢) The B code path

(a) The C code path

(e) The three paths for J, K and L,

(£) The error code path

(g) The D code path

(h) The main addition path

(3) The excess stock path

(x) The punch out path

To test (a) to (g) omitting (f) we can use programme display. If we read a
card into the computer, allow snother card to be read into DL12 and then stop the
machine we can cause the programme to be executed and punched out instruction by
instruction and teke away a record for inspection off the computer,

DPC32
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Instructions for Programme Display.

(a) Flace a stopper on 12 = 10 following 2 = 2.

(b) Initial Input programme followed by all desoriptor cards

(c) Machine stops on 12 - 10X

(4) Set request stop on the instruction after 12 - 241

(e) Set Augmented Stop and release Request Stop and Programme Display.

(£) Machine stops on 12 = 40X

(8) Repeat steps (d) (e) and (£) until all desoriptor cards are finished,

(hJ) Post Mortem

This is sufficlent for the first run on the machine, When all errors are
oorrected repeat the procedure to check correction of errors and also inolude a
Branoh Stock Card, These tests will record more than 90% of all instructions.

The next checks can be made to ensure that additions are being performed
correctly and to obtain sample error cards and finally punch out the totals.

Speoisl test data has been provided, It will be noticed that the numbers on

the test cerds are easily recogniseble patterns and these are intentional -
not acoidental,
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Descriptor Cards,

KIDDERMINSTER
KIDDERMINSTER
KIDDERMINSTER
READING
READING
READING
DONCASTER
DONCASTER
DONCASTER
GRAND TOTAL

Test Cardse.

123,5678988888
12345678988888
12345678988888
1234,5678983888
12345678983888
12345678988888
123,5678988888
1234,5678988888
123,5678988888

Excess Test Cards,

1234,5678988888
1234567898888

123,5678968888
1234,5678988888
1234,5678988888
123,5678988888

AJD
AKD
ALD
BJD
BKD
BLD
CJbD
CKD
CKD

AJ
AKX
AL
BJ
BK
BL
cJ
CK
CL

AL
CL
BL
AL
CL
BL

111114
11111
11141
11111
11111
11111
11111
11111

11111

99999

| 22222

199998

33333
33333
33333
33335
33333
33335
33333
33333
33333

299997

55555
55555
55555
55555
55555
55555
55555
55555
55555

499995

11111
11111
11111
11111
11111
11111
11111
11111
141414

99999

39999

-t
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Error Test Cards,

_ RAMSGATE .

CHELMSFORD
CAERNARVON .
WARWICK

CARDIGAN
LEANINGTON
HEREFORD
PLYMOUTH
GLOUCESTER
EASTBOURNE
PORTSHOUTH
RANMSGATE
CHELMSFORD
ROCHESTER
LEICESTER
NEWCASTLE - 0 - T
NOTTINGHAM
GATESHEAD

STOKE - ON - TRENT
MIDDLESBOROUGH

BB

LL
MJ
AA
NXK
AB
SL
JJ
AF
BB
KK
BB
LL
BB
Jd
cC
2K
c2
QL
cQ

57199
49524
10090
1791
50102
59014
14,8663
41563
50009
24142
41099
47199
L9521
38533
43696
45660
14,5556
27716
L7543
L3746

828513

L2
J2

ERR S

J2
L2

cERBR N

J2

>R RN

L2

17789
25125
09989
29726
31114
30122
16002
18359
41036
23945
36120
17789
25125
10059
47302
15944
21772
L5615
35892
18935

517760

L3
J3
J3
K3
K3
L3
J3
L3
J3
K3
LS
L3
L3
J3

i B

L3

1997
21003
16315
19876
19633
30721
41014
33789
3333
. 35N
19904
19947
21003
12952
38745
36021
10975
42295
30952
36,

541375

FFFRPRREF

FRE

PERFPRFERPFF

18808
41126
19432
322
43110
43002
10498
33459
39993
1782
13050
18808
41126
27651
06300
21009
10635
32105
25983
19358

526699

K5
L5
J5
J5

K5
L5
J5
L5
J5

K5
L5
L5

J5
K5

L5
L5

41009
11264
54432
23461
14,932
455N

Lol

37541

44193
29579

50054 .

41009
11264
25167
46302
NN
29703
L6635
29123
39553

13N

3
L6
Jé
Jé6
K6
K6
L6
Jé
L6
Jé
K6
K6
L6
L6
J6
Jé6
K6
K6
L6
L6

1009
39109
13421
084,36
34119
19660
3956
17883
19145
27,89
40550
1009
39109
32100
19119
29092
50006
L9715
12602

17724

558933
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Branch Stock Cards.

. WORCESTER

SHREWSBURY
BARMOUTH
HEREFORD
TEVKSBURY
CARDIGAN
CAERNARVON
PWLLHELI
WREXHAM
BIRMINGHAM
STAFFORD

TENBY

VEST., BROMWICH
WARWICK
LEAMINGTON
GLOUCESTER
STRATFORD
RUGBY

COVENTRY
WALSALL |

AK

X1

236N
47234
44032
16732
34032
50102
10777
32100
11725
54324
32098
50595
100H
Ly 377
59014
40732
32159
29012
10962
30743

658529

K2

11623
L7012
360H
43906
20126
3114
35281
49599
51329
14304
45906
23101
11401
19333
30122
22322
16671
30009
20883
3361

624,19

K3

ALY
32097
50001
49302
L0634
19633
1294
50029
17898
10018
L4178
24711
42,900
10666
30721
10079
47988
32109
465N
43333

689153

46701
41009
3N13
51407
50019
49110
10137
16179
47964
37099
19999
L6113
11346
34611
43002
39003
4109,
50096
49865
30149

313

K5

L7301
12345
35241

40000
223H
41932
50922
4132,
23992
11498
37332
10431

43101
1,5506
L5591
41999
33595
23101
44379
10109

665254,

K6

50888
10107
39802
40109
43,013
33419
50001
46351
L0111
25551
40396
49991
10119

49660
41332
19656

423N
L4999

779706

-.L L=



























