Cambridge University Mathematical Iaboratorye

THE  EDSAC,

Thig Report describes the purpose and construction of the
EDSAC {Electronic Delay Storage Automatic Calculator) as it exista eibther
23 actual egquipment or in the desipn stage, at the time of wriiing
1943).

The Report 13z intended only for use within the Methesatical

Laboratory, and is in no sense a publicaiion of the ILaboratory. It will
no doudt require modification from time to time as the construction of
o

the machine proceeds, and components which have not been fully constructed

or deslgned are desvribed only in general principle,



THE  EDSAC.

1, Introducticm.

2. Representation of Numbers and Orders.

3%, Components of the EDSAC - strategic functions.

Sele
3.20

303

3ok

3656

Kemory.

Inputs

3621,
5022,
30230
3e2ke

Tape inpute

Initial Inpu‘t ®

Orderse

Coding and conversions

Control Sesctione

303le Componentss
332+ Supervisory control,
%e33s Temporary storage and routing.
3.34. Decoderss
3.35s Order Codere
3,36, Alignment of numbers and orderss
30370 Conditional transfer,
Computere
3."-}1. Additione
3.42. Complementing.
© 3,43, Collation.
Jelihs Multiplication.
3e4He Shift orders,
3-1-)»60 Tha Accumulator,

Output °



~

1. Introductione

The application of electronic devices to computing machines and
instruments is already widely established, but it is generally accepted
that the term 'electronic' machine should be applied only to those which
use electronic means to carry out the actual math;matical functions, rather
than simply to control the operanon of relays oxr. counters. ' A‘E the present
time (May 1948), one electronic mechine only -~ the ENTAC, t the Moore
Schc‘ml of Electrical Enginsering in Pemnsylvania = is knomm to be in full
operation, although a mumber of others are projected, or are under
constmctic‘ﬁ.‘ |

The EMNIAC fulfils satisfactorily the purpose for which it was
designed, but its limitations for general cemputing work have resulted in s
modified approach to the design of further machines, In particular, therse
has been a marked trend towards {a) a larger memo*'y capacity, and (b) the use
of‘ the binary, rather than the de"l'“al, scala fov- computing processes.
An increased memory capacity will obviocusly lsad ‘to graatpz‘ flexibility and
scope, The usg of the binsry scale has certain advan‘cages which result
mainly from the fact that electric or electronié circuits éan deal more
readily with a> variable which has only two stabls states than ;vith ong
which has ten.

A number of electronic binary aigi’cal machines are b_aiﬁg developed

in the U.S.A., in Great Britain and elsewhere, This rerort deals only with

the machine known as the FDSAC (Electronic Delay Storage Autormatic Caleulator), |

which is under construction in the Mathematical ILaboratory of the University



of Camlridge, and no attempt is made to compare the methods and devices
used in the EDSAC with those used in other machines, ‘
The EDSAC will have initial]y a memox-}‘capacity eqivalent to that
required for 512 ten-decimal rumbers (i.es numbers comprising 3 binary
digita), The ﬁﬁnbers or orders will bs represented by trains of
electrical pulsss, sach pulse lasting'appm:dma’cely 069 msec, the
repetition frequency being 500 ke/se - Each pulse has an wpproximately
s@are wave form, the au@umae being of the order of 18 volise The

presence .or absence of a pulse will represent respectively the digit 1 or Q.

Although the machine will carry eut all internal operations in the binary
scale, conv‘ersﬁ.ans from the decimal to the binary scale, or vice versa, will
- take place in the machine, so that, from the point of view of tha operator,
the use of the blnary scale need not be taken as a . serious limitation to
its convenience of operation, . |

To facilitate a deseription of the machins, it is desiraﬁle to
consider first the ways in which numbers will be‘repzkasente&, stored and
transferred from one storage device 1o anothers

2, Reoresentation of numbers and orderss

In general, every rumber or order is represented by a train of
pulses, an order occupying 18 pulse intervals, and & number either 18 or 36
pulse intervals, according to whether the mumber is of five or ten decimal
digitse The period ocoupied by a ten-digit number (i.e., 36 pulse
intervals) is lnown as a 'minor cycle' (M/C), the 1éngth of which is

approximately 72 usec. The digits are represented in succession)
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starting from the least significant, ie.e. the rightehand digit, and are
followed by"a *aign' digit and a blank. The sign digit is O for a

positive rumber and 1 for a nsgative numbere |
Numbers coniaining ten and five decimal digits will be referred
to as 'long® and 'short’ mmﬁ:eré, respec:{ivel}e ' 5&%&; @A?Eirf'
 The position of the binary point is be‘li?een the %?ighes‘k"a:ﬂmt
o2 highest significant digit (i.e. 'betweg}!i ’ciw 33;;%1 and ;J;nd diéit position
 for a long m:.m‘ber. end between the }‘;&h and I:Sgt.h digit _pcsition for a
short number), el 7
Negative manibers are represented as complements, a unit‘aign digit |
indicating the mmtity*iz, %o which the remaa.n&ar of the number is aadadg
" It should be noted that it 4s common practice S R centres to
represent & binary mmber on paper with the least significant f‘igure on thé
left, = Bmever, the conventian adopted in relation to the EISAC 8 sluilap
to that used in ordinary decimal notation. The left-hand digit denotes the

m‘;& Coanmi M,pi;
sign, the next is theﬁmﬁ:"‘ﬁ folTowed by the x amam:mg digits in

descending order of significance. Thus: .

| OM0L representa + (14 27 1,z =3y

and 1101101 represents 2 + (1 + 27 2 42 =3 . “’5)

A binary point may be inserted after the %i;:;:a digit, but it is not
represented physically in a pulse train,

It is clear from the above that every number, n, rapresented in the
mach:me must be such that w@-m—<2y —) &0

It is important to note that in f‘cmi&g a complement, all digits,

sterting from the right, are identical with those in the original mumber up




to and including the first '1'. The remaining digits, including the sign
digit, are reversed.

For examplas

Original number: 01,1001 1000 »
P N
Complement s 10,0110 1000 - .

Precautions are taken to see that in proceasses such aa addition,
the binary points are properly alignede

The pulses contained in a minor cycle are designated
Pos Pys p2...‘.......p35.. The digits of a long number m represented by
the pulses py to 3, P35 boing the sign digit and p_ a blanks A short
number may occupy either the first or second half of & minor cycls, and is
- represented Dy either py to pyg, sign digit pyy, (v, blank), or Pyg to Py,
sign digit P35, (p15 Dblank).

A system similar to that used for reéresenting mumbers is used also
for orders, An order occupies & half minor é:;mle and is normally in two
paxta, the first, or mmerical,‘ paxt representing & *memory position'! and
the second, or operative, part revresenting the nature of the oxrder,
suitably codede

A single train of pulses, as described above, provides a transient
representation of a number or order, and is useful only in verforming a
single operation, such as a transfer from one position to another, In
general, hbwever, it is necessary to refain numbers or orders in the machine,
either for the short time required to allow a single mathematical operation

to be completed, or for a longer time when the number is required at varicus

stages in the solution of a probleme Provision must also be made for the

| S ——



terporary retention of an order in static form whilst 4% is being carried
oute To meet the Formex requirement a 'memwy unit? is required, which
will enable a number, in pulse form, to be repeated ‘at regular intsrvals,
and so to _'b&. availadls for use at any time. The retention of orders in
static form is accomplished by *flashing units® which translate the train
of pulses rspre;enting an order into a temporary fomv which enables the
order to be carried oute

E;oerience has shovm tha.t the memory unit is of such fundamental
ing:ortanca that it must be oonsidered as the basie wnlt on which the whole
aesign of the maohine depends, It is therefore desirable $o describe the
operation of the Memory before procgedmg to a general description of the
~ machine as a whole, |

3¢ Components of the EDSAC -~ strategic functionse

The prinecipal components of the EDSAG are as follows:
(2) Memory.
(b) Input.

(¢) Control sectione
(a@) Computers
(e) Outpute
3¢ 1o Memoxye
Various types of memory unit have been described elsewhere, and
include those depending on electrostatis, ultrasonic, magnetic or other
phenomenas  The memoxy unit used in the EDSAC consist of a number of

ultrasonic delay tanks, and has recently been described in detail. *

¥ Wilkes, M.V. and Renwick, ¥W., Electronic Engineering, 20, p.208, July, 1948,
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. Superficially, pach tank consists of a mercury-filled steel tube of 1 inch

external diameter, lying harizontally between two end blocks approximately
5 fte & in. apart. = The tanks are gxrangé& in 'batteries’, each
containing sixteen tankse L G et By

A large memory capacity.is desirable, and the EDSAC will have

- initially capacity fi;r 512 long numberss In oxrder to aveid an excessive

number of tanks with their associated control gear, each memory tank is
designed to deal with 16 numbers, and thus 32 ta.rﬂcé are requireds o

' ~The requirement for each tank is to admit in succession 16 iaulse
trains, each of one minor cycle duration, and to pmv:iaari for their constant
repetition in sequence, Tous the tank mst provide an output, identical in
forn with the input, but delayed by 16 1/C {i.e. about 1,15 millisec, ), the
output being fed back :mtd the imput to initiate the next series of pulse
trains, . : | ‘

In principle the tank is essentially a pulse delay unit which
proviﬁes a delay of exactly 16 1/C to each paiée ’reeei'md. and then returns
it to the imput of fha tank for further oirculation, Each tank thus
provides a self-—centained'_gystem in which a series of pulses, having once
been introduced t;rom an k_eﬁernal souree, will continmuse to circulate with &

repetition frequency of about 870 ¢/s, cme complete cycle of operations

being kmown as a ‘major cycle' and containing 156 x 36 (= 576) pulse intervals,

or 16 minor cycles. ~ The major cycle is illustrated diagramatically in
figo 1o
The memoxy tank takes the form of a tube of mercury terminated at

each end by a ;oief:o-elactric crystals, Each incoming pulse is used to
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modulate a carrier wave of frequency 13.5 Ms/s, and the modulated signal
is applied to the crystal at the input end §f the tanke The elsectrical
pulse is tms converted into a mechanical pulse of ultrasonic freaqiency,
which travels to the other end of ths tank, whie ihs receiving crystal

converts it again into an eléc'tricél pulses, The length of the tank is

- designed to provide a delay of exactly cne major cyclee

In order to awvoid the progressive distortion in wavemfom which
would occur due to successive passages through the tank, a special device
is used to 'rejuvenate! the pulse afier each passage. This c'ieﬁcea- makes
use of 'clock pulses', which are the basic timing pulses for the whole
machine,

Clock pulses are simply a succesasion of diglt pulses at regular
intervals of 2% 5es, , and are used as a master timing device, The
mercury-filled tanks have an appreciable temperature coefficient of
velocity, and tims of delay, and it is of course essential thét: the timing
of pulses should be uniform throughout the machine. This could bﬁ
achieved by ensuring a umiform and constant temperature in all tanks, but
it is sufficient if the tesperature of all tanks is equal = not hecesearily
constant = if the repetition frequency of the clock pulse generstor is also
controlled by a tank at the same temperature. This is the method to be
adopted, and will ensure un:.fomity of pulses throughout, even though theix
freqency may vary appreciably from time to time, It is therefore
customé.zy to discuss the timing of events in terms of major or minor cycles,

or pulse intervals, rather than in terms of millliseconds oxr microsecondse

The outcoming pulse from the tank is not fed directly back to the
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input, ut, instead; is used ta"gaief an# undistorted clock pulaey Thus
the input pulses to the tank are always undistorted, and the only @istortion
in the output pulsa is that due to a single pasaags through the tanks, It
should be noted thab in addition %o limiting distortion, this device also
linits any progressive drift in the timing of pulasss. - It is therefore

used in various parts of the machins where time lags are likely to appear In
electronie circuits, and where it is necessary to 'tidy uwpt! the output
pulsese

Ths 32 tanks are assembled in 'batteries! of 15; and each tank has
essociated with it a control panel, known as Panel 1/, which, in addition
to provision for input and output, contains also the terminals necessary _
for input, output and ‘clear' gating waveiorms..

The transfer of a nwsber from Memory is carried out by applying a
saitable gating ce.mafs o the output gates This does not, however, remove
the number from the tank, where it remains in ciroulation until another
musber is required to replace it: In this case, the new numnber iz
admitted through the input zate, and the clear gate is closed for the
corresponding interval to inhibit circulation of the original Sumberf

For the tfansfer of data from one position to another two ‘buses®
are provided. These are known as the "Main Imput Bus' and 'Main Quiput bus',
and provide routes to and from various components of the machines wThe
actual transfer of the data is controlled by gates in the respective
components, and taikes place according to the ordsrs stored in the machine,-

Since each memory tank contains the information stdred in 15 minor

cycles, the transfer of a number involves the selection not only of a
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route ( by means of gates ), but also of the actual /G of half M/C within
the major cycle stored in the particular memory tanke Thus the cperaticn
of gates oust be controlled not only in a geographical sense, but also
precisely in times, This operation is thus analogous to that of a
stroboscope, except that 1t occurs once only for any particular transfer.
It is carried out by means of a 'Coincidence Unit',

Apart from the 15 ¥/C delay tank used in the Memory, delay tanks

of various lengths ars used for temporary storage and for other purposes |

elsewhere in the mechine,
_ Mention was mede earlier of the need for static storage of orders,
as opposed to the dynamic storage which is achieved by circulation through
. the dslay tanks. Static storage is required; for example, to ensable a
route to be kept cpen, by means of gates, during the process of 'finding'
a number in a memory tank and transferring it to another part of the
machine, The 'Flashing Unit?, which achieves this purpose; consists of a
series of "flip-flop® circuits, so arranged that when actuated by a train
of pulses, they will assume an electrical configuration such that each
flié-flop, by its ton' or Yoff* sta‘ce; will répresent one digit of ths
order, and will maintain its state for sufficient time for the oxrder to be
carried oute The flashing unit ls normally reset automatically before
each operatione

The ehove description is sufficient to enable the general method
of operation of the machine to be unaerstooan A more detailed

description of the memory and storage devices will he given latere
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Jele Immute
The Input sectlon consists of two parts = the Tape Imput and the
Initial Input, . |
3¢21l. Tape Inmuks

The Tape Input provides a means for introducing into the Hemory the

wholes of the instructions and numerical data required for the solution of a

probleme These data are prepared in the form of punched tape, and the
operation of punching the {ape can be regarded as a physical interpretation

of the 'programming® of the problem, and thus represents the stage whers

Iuman planning gives place o purely sutomatio physical operations, From

this stage cmwards, the machine operates automatically end presents thé iy
golution on punched tape or in printed forme = It should be noted that the
act of punching mmerical data on the impui is dons in decimal notation and
the output may be Siiﬁilarly presented.

. In the sequence of opérationa assoclated with the input of data to
Mercry, 211 mumbers are converted from decimal to binary forme  The whole
of the seg;eﬁce of input operations may takse place befors the. solution of

the problem proceeds, or may, by suitabdbla programming, occur at various

‘stages of the solution.

Tha transfer of orders from Input to Memory is in itself a series
of operations which requires the existence of orders in Memory to allow it
to take place. These initial orders may be aspplisd by soms form of
mechanical switching, anc‘i a number of banks of unlselectors provide a ver&

suitable wethod., However, the number of operations involved is rather

SR W
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large and would require an e#cessive mimber of contacts in the wniselectors
if the whole process weres to be carried ocut by this method. It ls more
convenient to use the normal proéesses of the machine as far es possible in
the initial transfer of orders to Memorye

Proviaion is therefore msde for this initial transfer to be carried
Qut in two stages. = The Tirst is the iransfer of a sst of standard orders,
Imown as initial input orders, to Hemory, by means of uniseleciors and
associated equipmerdt, known és the *Initlsl Imput®s These orders enable
the machine, through its normal pmcéssas, to transfexr to Memory from the
input tape a standard series of '~éynthesis osders?, which provide foxr the
remainder of the irmput process to be carried out.

thonzh the initial inmmat and synthesds orders are nornmally of
shandard i‘crr,i,_t‘ne occasion may arise for verdation of the synthesis orders
to =uit a particulayr problems, - Thia may be left to the discretion of the
programmey, who mey prefer to punch & special series of synthesis orders on
the input tai:e, rather than use the standerd set of gynthesiz orders.

36230 Orderss '

At this stage, the descz;ip“hion will be helped by an cutline of the
types of order with which the machine will deale. They are designated by
symbols, which normally ccmgrise a mumerdcal and an operatbional paxte
The mumerical part usuall& indicates a position in Menory, which is coded in
the following waye

Order pulses are designated 0,, the pulses 0y to O3p comprising the

mnmerical part, and thus serving to indlcates
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(2) Which of the 32 memory tanks contalns the number to be
operated one
{b) Which of the 156 minor cycles in that tank.
(¢) vhether a short or long number.
and (@) If a short number, whether the first or second
half ¥/C.
The pulse 03, if present, denoites a long numbers
The pulse Op, if present, denotes the second half M4/Ce
if absent, denotes the Tirst half M/C.
The pulseﬁ 0z to Og specify the M/C, in binary notation,
The pulses 07 to 0q3 specify the tank number in binary notation.
The pulse 070 is a spare.
The pulses 013 to O37 form the operational part of the ordex.

The coding of this part is cquite arbitrsry within certain broad

limitations, and at the time of writing, the code has not yet been

specified, The types of order are as follows:

A(n) = Add. Transfer number from Memory position n, and edd into
Accuwmlatore  (The Accumulator is a tank which contains the result
of operations in the Computer).

S(n) = Subtract, Tranafer numper from position n, and subtract from total
in Accumulatorse

HM{n) = Prelude to multiplication or collatione Transfer from position n to

Multiplier Tank in Computers




C(m) = Collate. To collate is to mltiply the corresponding digits of
two numbers; €.gs- |
011011101
000111111
00CO11101
C{n) is the order to collate the mumber in Memary position m with
the mumber already in the Multiplier Tank, and add the resilt
into the. Accumlatore '
N(m) = Multiply. Multiply the number in position m by the number in the
¥ultiplier Tank and add product inte Accumulatore
N'(m) = as in N{m), ut adtract from total in Accumulators
7(n) = Transfer from Accumlator to Memory pesition n, and clear
Accumzlatore |
7' (n)= As in T(n), without clearing Accummlators
I(n) = Impute Read next row of holes on Input Tape and put result into
Hemory position ne |
0{n) = Outpute. Punch first L binary digits of number in position n, on
| Output Tapes |
D(n) = Conditional Transfer Crder (CoTe0.)e  Examine sign of number in
Accumulatore. If negative, carry on with orders in normsl sequence,
If positiveior zero,‘ tranafer control to that specified in Memory
position ne
R(n) = Right Shifte Shift contents of Accumlator n places to right
(1 <n <10)

L(n) = left Shift. As in R(n)e
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z(1) = Round off number in Accumlator to 34 binary digits
(i.0s 234 1 to 35th digit).
2(2) = Round off mumber in Accumilator to 16 binary digits.
7(3) = Stop machine and ring alara belle
3e2he Coding and Conversions

The coding of orders is arbitrary, within the limits of standard
teleprinter tape, which provides for five holes (or spaces) abreast.
A hole and a space rspresent the diglis 1 and O respectively. Use i3 not
mads of the combinations 11111 and 00000, the former being reserved for
overprinting ervors, while the latter is indistinguishable from dlank tape.
Orders are transferred to Memory in groups of fouxr or five digits at a time,

a0 the. cages of mumbers, the coding occﬁra in two stages., The first
stage takes place in the punching of the tape, in which decimal notation is
antomatically transferred to coded decimal notation,  Each row of holes
reoprezents a decimal diclt of the mmber, expressed in binary form, thus
requiring only fowe of the five possible positions. The digits (i.e. rows
of holes) ars then trandferred, in deseending order of significance, to the
least significant places in the required msmory positions Before each
successive addition of & decimel diglt, the total already in the
Accumilator is shifted three places to the left to make rcom for the
incoming digite -This is equlvalent to multiplying the total by 8, whereas
the factor should be 10, - Thas, before making the shift, the total already
in the Memory position must be multiplied by 1,25, which, in binery notation,

i3 0l,0le TFor example, if the number, expressed in decimel notation, is

209 815 Bpeesscccssssiy, ita true value is a5 + a9 x 1071 4+ ay x 1072 4eunene

+ ag x 107, The aigit a, is first placed in coded decimal form, in the
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four lowest pos:.tions in the Memory position, so that it anpears in Hemory |
as 2o X 2 =33, ‘ | ' |

' mzen miltiplied by 01.01,ana. shiftea three plwes to the left, it
becomes 89 x 10 x 2 =35 5 e::@ressed in full o:maxy fam When ‘chis process
has been carried ou'b f:en times, the value of this digit in Memory becomes
aoxlemzz"'33 e | -

Simil&rly, the dig:x.t al alane, shiftsd nine times, would appear as
al x 109 x 2 =33, Thns, when the whola mzm’x:er has been transferred, the
| total in the Eemory pasitlcn w:lll be: : '
. 1010::2"33 (a°+a1x101 aleoz - ......-:-as xlo"9)

This total L s then miltiplied by 10720 x 273, and the product will
. repmsent tha :mpm: number in true bina.ry Form. Tna_mltipliers used |
during the coding process, namely 10 x 277 and 10720 x 293, aye
respedtival& 1.25 and approﬁmatély' i 0.86. . 'Titwy therefore comply with the
S Senaut that Bi1 mzhbez"sf eea 1n the el e T o vt
the need for the mlfipiiéz? 0.86 i'eq:ti:mé fh&t n;é numbey numricaily
: greater than 1.72 may be transfarred £rom Input to h&emry, since otherwise,
- the Accxmnlatcr muld bacons werloadad befor& the firml mltiplication :
ta&as place.

A similar process takes place in the case of a short mumber, with
appropriate modifications in detail, -

5. 3. Control Sec‘!:ion.

The Control Section ls the group of ccmrponents which control the
sequenca of oParations of the machine and provide the def;ailed Yinstructions?

for carrying them ocut. In particular, it noarmally subdivides each operation




into two stages, as f‘ellm:v
Stage I involves the determination of the néxk order in the
computing sequence, the extraction of that order from Memory and its |
temporary storage in a decoded form = 1.e. the form in which the
carrying out of the vo‘rdar will automatically follow the extraction from
Memory (or elsewhere) of the number on which it is to cperates
Stage II involves the extraction of the mumber concerned and the
completion of the seence of operatiox;a prepared f’o:; ‘it in Stage I.
This is followed by the emission of an fend pulse’, or its eguivalent,
which initiates'sfage I' of the next seqxenee; and s0 one
Although the Control Section initiates and controls the various
mmerical operations, the actual timing of the operations is regulate& by

clock pulses, or by pulses directly synchronized with theme In this sense,

the Control Section may perhaps 'be best regarded as a preselector which
eontrols the passage of pulses between various parts of the machinee

In addition to clook pulses, which sre emitted regularly at
appm:dmately 2 puset, intervals, a sérias of 'digit pulses' is also
available, sach aigit. pulse belng repeated every minor oycle at the same
position in the cSycla. They are dsesignated Dn, where n specifies ths
nuxber of the pulse in the 3/C. Fig, 2 illustrates the timing of the
D pulses.

Thé various sequsnces of operations will be described in relation
to block schematic diagrams, in which the following colour cods will be

used where recuireds = i : .

P S



Green = Humber or order pulse train.
Blue = Periodic pulses (e.ge. clock, digit, ¥/C).
Violet = Timing pulses, not perlodic (e.g. end pulses; etc.)
Black = Negative going D.Ce potential (e.g. Rating waveelorms.)
Red = Posgitive going D.C. potantial.

" 3.3l Components of the Control Sectiome

The prinecipal componenta of the Control Section are as follows:
(2) For supsrvisory control:
(1) Main Control Unit (M.C.U,)
(ii) Secuenca Control Tank (3.C.T.) with half-adder,
(i111) Coincidence Unit {C.U.), permanently comnected to
(iv) Counter Tank with half-adder.
(b) For temporary storage and routing:
(1) Order Tank.
(ii) Tenk Number Flashing Unit,
(iii) Tank Mumber Decoderse |
(iv) Order Flashing Unite
-+ (v) Order Decoders,
(vi) Order Coders
(o) For alignment of numbers and orderst
(i) Half Cycle Flashing Unite

(ii) Transfer Unit

In Fige 3, which illustrates the components of the Control Seotion,

the intercomecting lines are schematie and are intended only to indicate

the relation between mnitse The colour code is accordingly omitteds

[UR—



3.32¢ Supervisory Control,

The ¥,C. U, is stimlated by eithers
(a) a 'start® pulse, at the beginning of a solution.
(b) and *end' pulse, which signifies the end of an vperation.
or (c) = 'conditional transfer® pulse, known as Dv(D).

On receipt of one or cther of these pulses, the M.C, U, inltiates Stage I of
the next oxder, Thisz involves 'finding® the order in Memoxy, and for this
purpose, it emits & gating e.m.%,, which connects the Sequence Control Tank
to certain Flashing Units and to the Coincidence Unit,

The S.C.Ts is esserntially a deviece for counting operations, and

B e e

thersfore stores the Memory positioix of the next order to be carried out,
since the orders are normally held in successive positions in Memory, with
certain exceotions which will appeayr later, The Tank Number Flashing Unit
gelacts and provides a route to the oppropriate tank, while the C.U, serves
to select the precise position in that tank. In this respeet, 'position?
mast be intezgare’cé& as vosition in a time scale = a *Memory position! is
specified by the nmumber of the tank together with the 'position'® in the tank,
since each tank contains in cirenlation the contents of 16 minor cycless ‘
The 'Counter Tank® with its 'half-adder® simply serves to count minor cyoles,
the five least mignificant digits being sufficient to specify any particular
minor cycle within the major cyele of the Memory ftanks, The half-adder is
used to add cne to the mumter in the Counter Tank at the begimming of each
}/Ce

L2 soon as the C.Us, receives a stimulating pulse from the M,C.Us, it

is ready to 'seek coincidence's, Thils means that as soon as the number



