represented by Dy to Dg in the Counter Tank reacher eqality with the
sppropriate digits (specifying the ¥/C) in the S.C.T., the C.U. emits a

coincidence gating @e.mafe, which opens the ivuite from Memory to the Order
Tank, o which the reqired order is transfsrreds
As soon ‘as the avder has been iwought from Memory, it is possible
to initiate Stage II, namely the esrrying out of the orders The functions
of the Supervisory Control in Stage II are essentially the same as in :
Stage I, b are modified according to the nature of the order obtained in
Stage I.  For example, ths order may not iirmlve the. finding of a number in
Memory, in which case the establishment of Coincidence is not required.
I, however, the order includes a Xewory position, the paxrt Op to Og is
stored in the Order Tank, wnich plays the same part in estsblishing
coincidence as the Sequence Control Tamk plays in Stage Io  Atitention will
be paid later to the variations in the procedure for Stags 1T, according to
the type of order to be carried oculs k

3,33, Temporary Storaze and Roudinge

The carrying out of an orxder nornm.ly involves the transfer of a
nuzber from a given Hewmory poaltion; which involves the selection of a given
minor cycle in a pazticular tanke It is therefore necessary to store the
order in dynsmic form, so as to provide the necessary data to the Coincidencé '
Unit. This storage is provided by the 'Order Tank!, which is similap in
principls to a Memory Tank, but has a shorter mercury colwm, providing only
a hal? minor cycle delay, Thus the order circulatss twice every minor
¢ycle, and is readily available for the establishment of coincidences

However, the dyaamic storage of an order is in itself insufficient,



since the operational part of the ordexr must be able to hold open the
various z*butes-(to the specified hemory tank, etc.) for the indefinite
period, up to cne major cycls, re;.zired to establish coincidence. The order
mmst therefore be stored statically as well as dynamically. . This is |
achieved by means of flashing units. The operational part of the order is
stored in the Order Flashing Unit, and the mzﬁxerical part (Memory position)
is stored in the Tank Nusbes and Ealf~cyols Flashing Unitse |
A flashing unit cm@ﬂses a series of flip-flop circuits, each of
which may be regarded ss having two stable states, at least for suffioient
‘4ime for their function to be carried oute When actusted by a train of
pulses representing an order, or part of an order, each flip=flop takes up
one or other of its stable states, $0 represent the avpropriate digit in the
orders The condition of the flip=flops indicates a route appropriate to
“the particular ordere For example, the '.l'a.zﬂi Numbsr E‘].aéhﬁxg Unit indicates
the zﬁzmber of thes tank tie:signated in the order to which it is reaned to
provide a circuilt in order %o carry oul the orders
334 Decoderss
Tlée routes indicated by the flashing uniss are provided by means of
tdecoders', which;' when actuated by the £lip=flops, provide gating e.m.fs,
where required to allow pulse trains to pass as remireds
3635, Order Codar, |
In the case of the Tank Number Decoder, the routing is quite
straightforward, since the tank numbers are coded in binary fomme. However,
the carrylng out of an order involves a nunber of altemative routes,

depending on the nature of the order, and a unit known as the 'Order Codsr® -

|




is required to interpret the binary data set up in the Order Decoder as an
-actual routes

. 3236 Alimment of Numbers and Orderse

A long number occupies a fixed place in a minor cycle, gnd the binary
point is thus in a fixved position, so that operations such as addition can be
carried out directly. However; a short number may occupy the first or
‘ second half of a ¥/C, and in the former csss, the hinary peint oocurs between
pulses py5 and Pigs whilst in the latter, and in a ‘lon,g mmber, it oecurs
between pss and Pape Thus if & muber apvears in the first half of a M/C,
it mst be shifted one hslf ¥/C to the left before any arithmetiocal
cperation i3 carried outs |
Conversely; if a short mumber resilting from an arithmetical
operation (and therefors with its binary point proverly aligmsd) is to be
stored in the Pirst half Y/C of a Memory position, it must be shifted one
half ¥/C to the right before storage.
A similer shify is required vhen trensferring an order to the first
- half 1/C of a Memory position. _
- The appropriate shifts are achieved by the !Transfer Unit?, which |
cenbains a half minoy cycle delay tank, togsther with gates controlled by
the "H=21f-cyele Flashing Unitts The latter unit stores; in statiec form,
the order data specifying thé position in the }/C, viz, 0y (lng or short
number), and O, (first or second half 1/C).  The Half-cycle ¥lashing Unit
is alzso remuired to provide the data necessaxry for the Coincidence Unit 4o

establish coincidencs when transferring a number to or from Hemory.
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3.37. Conditional Transfexs

Although the Conditional Transfer cannot be regarded in any sense
as a unit of the machine, it is so important a function in ths operation of
the machine that it merits a general description at this stagee. The
conditional tranéfer order is used to allow the machine to determine whethar
a pre-determined cdndition has been met, and if so, to change to a new,
pre-determined sequence of operations, In particular, the order D(n)
requires that the machine should varry om with the carrying out of orders in
sequence if the number contained in the Ammlato: is negative, but that,
if it is positive or gzero, the next order should come from memory position ne
Px'c;vision is made also for the use of the order Di(n), which operates in a
similar manner, but with a positive total in the Accumilator as the criterion
for carrying on in sequence,

In caxrying out repetitive sequences, it is useful to note that the
nunerical part of an order may be subjected to arithmetical operations,

For example, the firat cequonce muy includs sn oxder ;Matmg to memory
position k, but the following sequences may require the same order to be
epplied successively to the numbers in positions (k + 1), (k + 2), etc.
This may be achiev.ed by including, at the agpropriate time in each ssquencs,
the addition of 1 to the particular order, so that the order stored in one
memory position will suffice to deal with a succession of numbef$ in
different memory positiuns,

3ele The Computar,

The Computer is the section where the basiec arithmetical operations

are carried oute These include addition, complementing, collation,
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multiplication and shifting, The whols section is controlled by the
Computer Control Unite Subtraction is ashleved by complementing and
'aﬁ.din,g. There is no provision at present for division, which can usually
be avoided by proper progx/‘amning, Tt it is possidble that & dividing unit
will be provided in due course,

The results of operations are stored in the tAecumalatort®, which
conglsts of two tanks of nearly 2 4/C total delay. Since nmnbérés each
mumerically less than 2, may be added successively into the Aecumulator, it
is possibles, without prroper programming, to overload the Accumulator = l.e.
to bring the number in it beyond the limits % 2, To show when this has
ocouxrred, an additional sign diglt, identiecal with and adjoining the normal
sign digit, is included with every number added inte the Ascumlators The
total in the Accummlator will therefore also have an additional sign digit
at Po, and it is easily shown that the two sign digits will be identical

only if the mumber n in the Accumlator is such that = 2 <n < 2.

The two sign digits will be different if these limits have been exceeded; and

the machine is automatically stopped and an alarm givens
The following example illustrates thias pointe

Sizn binary point

digits
No. in Accumilator . 00| 1{01101 = 1.40625
No, added to Accumilator 00| 0111110 = 0.9375
True total ' . o 1}0j01011 > 2
Total shown in Accumulator 01| Qic1011

The Accumnlator has a delay of 68 pulse intervels (i.e. 2 }/C =
4 pulse intervals)e. A further delay of 4 pulse intervals is introduced in

the circuits associated with the Accumuilator tank, maldng a total delay of

—
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2 1¥/Cs These circuits comprise two half=adders (to be described later),
the 'Acmmlé_.tar Shifting Unit' (A.5.U.) and the 'cmla@ntemnateru
Tha A.S.Us introduces normally a delay of 2 pulse interyals, which may be
altersd e:;thar to 1l or 3, as a means of achieving a right ar left shift,
respectively, of omne pulse interval every 2 M/C, i.¢. a shifi of one digit
for sach circulation of the number in the Accumulator, -
3.ble. Additlome e |
_ The Accumulator, Adder { = two half-adders) and A.S.Us form a closed
ciroulation systeme = Addition is carried out by introducing the aaaena, as
a train of pulses into ‘the Adder, The Hﬁdar operates in the following waye '
.. The half-adder shown schematically in Pig. A.(a) comprises an
aleotronic cireuit, which receives simltaneously two trains of pulses, '
Its eutmxt also consists of two trains of pulaes, such that cne of the output
trains mreaenta the sum of individual digits in the numbers represented by
the input trains, neglecting the Yoaxry® digit, while the other output train
represents the earry, The relation »'betmen__vin?ut.- and output is shown in the
following table, in which the digits 1 and 0 represent the presence or

absence of a pulse, respectively,

nEer - OUTRUT .
A B 'Sun® | "Carry?
0 0 0 0
1 0 1 0
0 1 1 0
1 1 0 1




If a Ycarry® pulse, when present, is delayed by one pulse interval

snd fed back into one of the imputs, for example, imput B, it will clearly
b2 added in the correct vlace for carrying out an éaditiona Howaver, the
delayed pulse may coincids with a pulse in B, in which case i will beo -
neglsctad, since the Adder cannet discriminate between a single pulse and
o pulses from different; scurces in the one inpute  Tms tha simplé halfe
adder shown in Pige 4{a), can only add correctly provided that it is
impossible for a delayed pulse in the faedback to coincide with & pulse in
input Be This condition is met when the impu® B iz a pulse in the least
significant place only, and thus the halfesdder may be used as a Btk il
events which cammot ocour twice within the delay time of the associated

tank. Tms, halfeaddars are used in conjunciion with the Seqaenée Control.
Tank and Counter Tank in the Control Section (sse & 3.32). |

Consider now the case .of a halfeaddsr without fecdbacks, Since

there can be only two input mm’oera,'iﬁ is clear that the delayed carry
digit D, can be 1 only when the previous ®sum® digit C; 48 Oc  IF hoth
outputs are fed directly into another half-adder with feedback as shown in
Fige 4(b), it is clear that a pulse in the feedback csnnot possidly coineias |
with‘a pulse in the delaysd fcarry! output from the first haif-sddeyr, and so
the output E will rovresent the true sum A + Be |

3el2. Complement inge |

Negative numbers are represented as complements, with the appropriate
sign digite A complement may thus bs formed from the number itself by
inverting every digit in the number and adding one. This is obviously the

same as inverting every digit after the first i, the number being read from



right to left, as shown in 8 2,

The 'Cowgglamter‘ oonsis 8 s:.mnly of a normally open gate, which
is replaced by a reverse gatae izmedia ely after the first pulse haa passed.

3:43¢ Collatione |

Collation iz the preocess of multiplying eaoh digit of a number by the
cor.resaonding digit oi' ;;nnther number. Thus, ia the outnut, the digit 1
appears only when the corresponding digits in both numbers axe le

To achiavc thia, it is necsssary only ta provids a gats, which
admits & pulse from one input to the output, onl;/ if there is similtanecusly
a pulse in the other inpute | |

‘ Collation provides a means of removing unwanted digits, for example

in the process of selection of data from the input tapee

Sebls ultiplications

wuitiplication 1a carried cut by suocessive sdditions of ths
maitiplicand, with aporopriate shifts, into the Ac‘.:unmlator.‘ For this
purpose, two tanks = the Multiplier Tank and the Multiplicand Tank = and a
Multiplicand Shifting Unit sre useds ,

- On receipt of an M = order, the maltiplisr is transferred from
Memory to the }yfulﬁi;iliar Tanke On receipt of the following N = order, the
Multiplicand is first transferred from Memory to the iultiplicand Tanke
The secuence of additlon of partial products is then initiated and controlled
by the Computer Control Unite

The lsast sigm.fica.n‘c digit of the Multiplier, if 1, allows a
pulse D x (M) to be sent to the C.C.U., which emits a gating e.m.f., allowing

the contents of the Multiplicand Tank to be transferred to the Accumulators
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If the digit is 0, the gating e.m.f. is not emitted. The }.iultiplicand
Shifting Unit then causes the Multlplicand to be shifted one place to the
left, and the process is repeated Por the second digit, and so0 one

Special precautions have to bo taken in the case of & nogative
miltiplicands = Since the Accumilator has a delay of nearly 2 ¥/C, and the
partisl products are added in at various positioﬁs in tha Accumlater, the
mosk signi:f‘iemf é.igit in the Multiplicand will not in genexral correspond
with the most significant digit in the Accumlator. When the partial
product is négative, it is therefore necessary to add in a series of 1's to
£111 the Accumiiator, so that the partial product as added to th:s~ Accumalatox,

represents the propexr complements For examples

¥Multiplicand : 114 0101
¥ltiplisr 21§ 1001
111§ 11110101
Partial products 111 10101
112 { 0101
Product | 110| 11101101

5 g ’the Maltiplier 1s negative, the partial product for the sign
digit in ’cha n.ltiglier mu*'t pass t‘:mugh the Corplsmenter befors addition
to the Acwzm..ator.

ZeltHe Shift Crderse

The orders 'R‘n) and L(n) a*nl'f to the shifting of a nunber in the
Accumlator n pleces to the rié,ht; or lefd (1sn <10). This is equivalent
to dividing or ::azlt.:.plying by 2, The value of n is represented by the

same group of pulses (0q to 010) as in the oxders involving a }aemory position,

but is not coded in binary forme Inatead, a singls pulse occurs at On, ths




nine other pulses being ebsent, . The Accumlator Shifting Unit is used to
carry out these orderse

3ehbs The Accimilatore

The Accumulator Tank with its associated cﬁ.rcuit 8, provides a delay
of 2 M/C, #nd is divided physically into two parts, I and II. Accumiiator I
provides a delay of 1 M/C; ard Aecumulator II, 1 M/C minus 4 pulse intervals.
The purpose of the division is to allow a number to be extracted in any ¥/C,
instead of waiting till every second M/C.

" The delay of 2 ¥/C comprises 72 pulse intervals, which at the
beginning of every second /G, provide for two sign digits and the 3k most
significant digits In Accumulator I, and the less significant digzits in
Accurmilator IT and the circuit. A T= or T oxder causés the transfer to
L{amory.of‘ the number in Accumuiator . |

The 'Accummlatoer Yorning Unit? is used to stop the machine and ring
an alarm, either on xeceiphs of a %(3) order, ar if the Accumilator is
overloeded, as indicated by inequality of ths two sign digitse

3e¢5e Output.

The Cutput mechanism conglsts essentlalily of normal telep:éin’cer
components, the coding baing sppropriately modified, The presentation of
results in the Output may be either in the form of punched tape or of
printed data., ‘The exact nature of the pressntation is specified in the
programming of the problem, and the necessary printing instructions are
included as part of the series of orders applied through the Input to Memorye

Husbers may ke presented in the Cubput in decimal form hy means of a

rather simpler process than t}# decimal~binary conversion described in B 3,24



-29 -

In the case of a posiltive mmiber, the four digits to ths left of the binary
point in the Accmmlaber (viz. Py, P35s Pos Py) are transferred to Mencry.
(For the first transfer, P~'~,; Py, and Py are all zavo)s The mmaindar ia

rultiplied by 0101, deee 10 x 277, and shifed three places to tiw lei‘t, the

aicri 8 in the abmm foux nosn.mns being again transf‘me& to Memzy.

This prowss in cozztinue& until the nurmber has baen @ongale*oely tranaferreds
It is saaily shm that the groups of digits transferred $o Hemorv mmwﬂt
the decimal digits of the munbers




