bole
ko 2e
be3e

drolys

e

5eGs
boTe

Pogie slemonty,
Hemiye
Trputs

he3le fTape Tipute
5e320 Initinl Inpute

Control Section.
?&.2»1-: @aﬁmﬁﬁm@a Undds

recriflire m; -
hahBe Treanpfer Unit and Madn Busvse
Lelibs Ducoders, Coder and Mashing Unites

1o 56 ;Mitm :xn:m{.
&wﬁ‘h Timing Control Pank and Shifting Unite
Compuber Contrel Tnit,




o 50w

%o Gompoments of the HDGAC « Testical Funetionse

The ebove desoription of the principal components is intended to
show the relation bedween the strategie funoticns wi"wﬁma poarks of the
mashings Abtenbion will now be given %o the mumer of opevetion of
individual oomponenty in owder $0 show how they fulfil their respective
funebionss It 4s Liret necessary to cutline the vavious basie elemants,

which axe combined in different ways to foms cperational eonponents of the
machinge
kele pasic Elenente
W' The use of ultrascnie delay lines appears at present

£ be the mogh "m&mmw asm:mi of sohieving olveulatory storege of o

a deloy, of ¥ /0 ar mare, in a pulse train,

pulse train or of providing
For ghorber delays, of the order of 1 or 2 uset., o simple elsolrical delay
line is usodls This consiste of a group of 7T seckions, each comprising a
coll of 350 u¥ inductonce bounded Ly two 50 pP oonldenssrs, Ton sueh unite
in cagoode provide n delay of about 2 Mm- ,
epatitive delaye » dege delays of single pulses - of the
opder of ¥ to 1 1/0, & phantastven m:iﬁ {Geparibed elsswhere ¥) 45 useds

Gategs A gote conslsts of two diodes with a common anpde loed
resistore The inpubs Yo the vathodes, and the output eyve normally theough
cathode followers, tut in wnits suoh a8 Decodevs, containing o considerable
musbor of gates, cathode followers mre used oaly at the input and output of
the whole uslts The olreuif is deserdbed in grester detail by wilkes and
Renwick (100s Gite)e

ﬁ?:&l}.ﬁwfw, PoCs and Moolly, Nel, Journele Lol y gég IET A, Noefes pellBB, 1946,
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A *@zz;izale gobe is slndler o the norual pate, tut has three, ﬂmtm
of two, diodess

Gate clreuits are used alse for in}ﬂmtimg the pagasge of pulses, ov
for reversing (l«es interchenging 0's with 1's8)s

Flipeflops., In generel, flip-fiopa are required o maintain a given
state for only a short tiwe, of the onier of @ millisecond or lees, It 4e
therefore possible to use condensers in the input end oubpub clrouits, tlus
slplifying the associated clreuit design very considerablys. The basie
cirouit io shom in Plgy B  The flip-flop is normally in the ‘reset!
state {f.ee Vy out off), unless set by a positive puless. It is then resst
elthor by & "rosgot® pulss, oy Ly the lapse of some milliscconds, efber which
it returas naturally to the *veset' states

The positive cubtpul passes to a cethode follower, which provides alse
o nexzabive culpul, i remived; from &n anode loed reslistore

Adling Adodes. I iu frequenily necessary to pormit the pasgape in

e gingle lead, of o pulse gcourving da sany one or more of a growp of possible
gources, This is done ly spplying eash fwmput lesd fo the anods of a dlode,
the cathodes all being conncchod through a couwsn load resistunce to ecarth,
to form the oubput,

he e HomOXye
The Meeery hos boon fully deseribed elsswhers

iowever, it has
ssgooiated with it o muber of suxilicpy corponunts, of which the mogd
lmportant ore $he Modn Buses end the Uistribeting Unit s The Hadn Buses
will e doalt with lu 8 L.A45,

The Distribubing Unit T is used So provide o route to op from the



o 3P w

Heroyy tanie -specif‘iea in the Tank Humber Decoders The unil consists of a
mmbor of cathode followers through which the Decoder cutput is routed, end
both positive and megetive e.m.fs. provided, where required, at the
apprepriate destinations. The detailed requivements of the Distributing
Unit ¥ will becoue epparent when congldering the Tank Huxber Decodeyr in
8 bbb

bede Imput.

In order to gppreciate the significance of the input sequences, it
is necessory to give some attention to the mothod of programing a problems
In order that the machine shonld sbtart conputing, it is required to have
available in Memory the orders and murbers {(in binary form) needed in the
solution. The use of indtial input snd gynthesds orders for this purpose
was dosoribed in B 3.22

The tranafer of synthesis orders wses only the norsal prooesses of
the machine, and the input equipment therefore consists of the two major
components - the Tope Input and the Initial Input - which require separate
despription.

Le3le Fape Inpub,.

The Pape Input may be sebdivided into -

{a) The Tape Reader,
{b) The addition Unit,
(c) The Tnhibition Unite

The Tape Reader is uscd, on receipt of an I - order, to sean the

noxt row of holes in the punthed tape and to set relays to reprosent the data

in statio elocirieal forme The Additicn Unit converts these data intsd
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dynaie i‘am, an & train of pulses of multable form for transfer to Hemory.
The Inhibition Unit serves to deley the operafion of the waching 1f an
dnput order is recelved before the previcus fnpub order has exbrasted the
regaired data from the tapee

The caprying out of an I « apder tales place dn tuwo ebagess In the
fivat stage, the tape is read and the dabe sbored in the Addition Unit.
The socond stage does not tuke place unbil mmﬁm of the next I - order,
which causes the dabe elready stored in the Addition Unit ¢o be transfeyyed
0 Henory, ot the same dime initisting the reading of the next row of holes
in the tapde

The Tapo Reader consists of stendard telepvinter equipnent with
adnoy modifications. asssosisted with it ds o caushafy which, by meens of a
special olutch, 1s omuged to yobabe once vhen an I » order is vocoiveds
The setion of the censhaft veuses the wow of holes &y the fepe Yo be 'vend®,
the data being stored dn the relays end converted to pulses in the Addition
Undts AL the soe $ime, the I « tpdar causes the machine %o procsed with
Btoge I, %0, the finding of coineidence for transfey to Hemory of the
nunbeyr elveady stored in the Addition Undt dn the provious I - erdere Owing
o the camparatively slov spved of the @l@&%mmzfmiwl components this
trensfer takes place, and the Addition it &é cloared, before the camshefd
has bpd time to trensfer new date from the tope to the AMAition Unite

Ag soon as the {ranafer to Yemowy has teken place, the mechine is
pormitted to proceed with its next seqence of operelions, while the canghaft
is stlll cavwyling out the remuinder of its funchion. Howewew, 1f while &%

is dodng 80, o new I - order 1s rocelved, the poquencs of operstions maet be
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srspended to allew tho provicus I = onder to be completed before protecding
with the new one, The Inhidibion Undt ds used for tlds puyrnosie

The Inhibition Unit consists essentially of two gales, Imowm as
&, and n, whieh provide alternative routes for the '1' pulse to the
Sequence Contrel Tanks Gy, in nopmally cpen, tak on reseipt of an I « order,
it 1s immedietoly closed for the perdod required to ffind coincidence.
At the seme timey Gp is gpened to allow oue pulse to pass, and is luwediately
clozed againe The cdrcuits assoclated with Go ave seoh that Gp will not
open azein until the ogashalt has nade almost o ¢omplete potation and the
dato on the tape tromgferred to the Addition Unilte

The paosing of & single pulse through Go allown the aechine o
proceed with the next operations In soense, Gy, being vegponed and
providing o youte for the addition of 1's. Howevey, ify before the camshafl
has completed ibs rotation, another I » oeder ig recelved, Gy, is agein closed
and there i now no elternetive roule threough Gge  Thus bhe a83ition of s
is inhibiteds Coincidenco will, lonmver, teke place cnoe overy majoyr oyols
wd will transfer the contents of the Addition Unit to Memozye Fach suoh
trensfor will superssde the previocus one, and this proosss will contiaue
until the vhole of the sppropriate tape datn hove been transferred to the
Adddtlon Gnit, so that eventually the coyreot date will appesy in Henory
supergeding a series of incorrect data whioch have been trensferred during
the poricd of inhibition.

i this sboge, the presence of the new I - opder ensuves, threugh &
sltable ciroult, that the comghaff will make & further yrolation, and a%

the same time, the inhibition of the paesape of 1's ceases, so thad tho
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mashing may %m% procesd with 40s sequenoe of operstions while the canshalt
rotabos and ensvdes ol the ponding I « anders

By mpang of ihe chove device, 14 iz possibls to ensure that the
slovmess of the irpud wocheniom will not 13ndd the apeed of the mochine in
capyying out memel operablons, but will gxmm% interfevense with an I - opdey
Yy another I - opder following 44 in ik suocesalon, Vhen no further
I = order is present, the camshaft comes $o rout.

4e32¢ Indtlal fnxube

The Indtial Inpul provides the Hemory w&*ﬁ%&%ﬁa orders necessery o

initiate the transfer to Vexory of the conbents of the tapde A5 menitlonsd
before, these contents vomwmmes with the aynthssls orders which control the
transfer of the fmpubt dabe mpropriste to the problsn wnder dnvestigation,

The 4nitlel fupud orders are stored in banks of uniseleckors, each
bank contadning 8 Yeclums®, each of £5 gwiteh positiong. Since more than
25 switohing cosrations ars vooulved, two sets of uniselector bonks ave used,
the gparebion of the svoond sot being dndtiated by the final operation of the
Pirst, |

Poeh Juitial Lnput ovder contedns 37 digits, snd 2 further Yooluwms®
ape requlved for anxiliery switching operations. Thus, 19 colums are

pived, and are suppliod Wy 3 bonks of & colwme sache Por the two sels,

therefore, 6 boanks of uniseloctors are pwovideds

Each colam in the mﬁm&m&tw wsaemm@' ig virved o thw spuropriete
it pulae, % to Pyy belng used for this puroouds

The flrst opesation in the Initial Input is to set wp the initisl
conditions Por oporatione Thase condibions womive thabs



{a) The B.0.7 must bo cleared, leaving its contents ap GOCOD,

{b} A reversing switoh provides that the normal Stege I operation =
tranafor of an order fyom Memory « in veversed, end betomes &
tronsfer into Memorye (It ds convenient to use the Stage I
seqience as & moans of carrying out the Initial Input).

{e) the firet initial order must go o Memory Position DO

(a) The Initiel Inpub smst toke over from the M,G.Us the function of
adding 1% to the 8.0.Ts, and mast ales provide ond pulses ¢o

the M,0.0s ab the ponclusion of ench transfer, The Indtial Input
is provided with a ') - endtting unit', which provides Do pulses
for addition to the B.0, 0
{e) The stimlabing pulse from the K00, which noymally dnitiates
Btage II, must be suppressed, 90 as to confine the sequence $o
Blage T
Having ostablished thoss conditions, the Initial Inmput data ave
traneferred, order by order, to Memwry through the oporation of the
uniselectors, Flnally, the S.0.7. must be cleared se that the MO0, can
toke control initlating the caprying out of the Initial Inpul orders,
which are now stored in Memory, In Golng 86, the usial '1' is not added
to the 8.0.0s, since the sequence of orders must steart from Hemory position
00000, and not 000Gl |
holre Qontrol Secticms
The generel method of control hus boen outlined in B 5.3, Certain
somponents of the Control Seotlen consist of tenks, flashing units, eto.

wiloh have beon described dn 8 3.3., and the following pavegraphs will be
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devoted {0 a nopre detalled deswpiptim of the Coincidence Unif, the
Sequence Contrel Tank and the Hain Controel Unii, and thelr Inter-relation
with ecach other and with other poarts of the maohdncs

Loklde Coineldone: Unite.

The Coineidence Undt is whown sshomntically dn Fige 6. Its purpose
is to emit & coincldence galting o.nefs wnder the following condiliions:

(a) It must be connected to either the Uwder Twk or Secuencs Contrel
Tanl, and thus be ‘conselous of the particuler 1/0 or half /G in
viideh the reguired musbsy sppeers in deworys This information is
available in pulses 0y to O of the arders

(b) It must have recoived o stimlating pulse from the Main Contrsl Unite

endt{e) Coincldence must have been achieved betwsem Op to 0g of the crder

and the sovresponding pulses of the Counter Tanke The goting Gemefs

is enitted at the first Dy or Dyg after coineldence has been achieved.

At fivgt pight, this wpesrs to indicete a lag between coincldence
and the careying out of the orders Howevey, the position within a major
eyele wust be considered in terss of o puvely arbilrayy mero, wnd is rolated
to the wiy in which the musber conserned wag first transferred fron Ezi;)aﬁ i;o
Memoayws  The tvansfer o lewry is sthieved through the Coincidence init
under precisely the seme conddiions as u tronafler fron the Hemorye It ds
therefore cleapy that the conditions foy achieving colnoidence ave valid
provided enly that {the Counter Tenk has cperated without dnterruption from
the time the number was first tronslerred to Homorye

The recelpt of & stlmulating pulse, at time Iy fron the IL.0.Us usts

the Slip=Llsn :E‘/Es‘g, providing an e.mefle for ¢he triple gate Gye This gate
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will therofore allow a B, o Dyp pulse tu pass, provided thel F/Fy is set,

end this oscurs only when oolneddence has been founde  This inplies thad
B/Py mast be in the 'sed’ astate ab the instent o Dy or Dyg pulse is received
By the triple gates It is olear thet the ayeivel of one or other of those
pulses wAll set F/Fy after & ped deloy due to I ls  The vondition then is
that B/Fy should romedn set until the next Dy or Dgg is recelveds iow the
action of the system Gy & is such that 40, Guring the pardold Dy Yo Ig,
coincldence falls to ogour in any cne digit, ¢ pulss passes tlnough the
odding dlodes ay end resebs B/Fy, thug inhibiting the emdission of the
coincidencs zates If, however, afbor the rocelipt of a stimleting pulse,
corplote eoincidence dn ddglits Dy to Dy is found between the order and the
contente of the Counter Tank, then no resetting pulse is passed to F/Fy,
vhich therefore remajns sel wntll the next Iy or Iyg, which sgcordingly
passes through Cg and sete I/, exitting a eoinolidence gating Genele
The same pulse, delayed for 13/C in Dig, is passed thwough Gy in the fom
of o rogsebtiing pulse Re  The Bepulse e used do signlly Yo the M.00e thet
eoingidence hos bosn found and thal 34 way now provecd to the nezb operalione
The deley line Dig is intvoduced to ensurs that the R - pulse is not euditeld
until suffiolent tdme has elapsed for the Lrensler from Hewmry of the nusber,
eithor short or leng, %o hove ltaken plscoe .

The above pretedure masures that tie colneldence gete 1s stimlated
o the correst instent 2o deterndned By the esbtablisiment of colncldence,
and thot the R - pulse is endtted 1 170 latew, 1% remsins only $o ensuve
that the coincidence gate is inhiblted of ths proper instant, whather the

mambor gounhd in Pemoyy cocuplos a Quld /0 opr olther $he first or ssoond
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haldf 10 IP the nusber comples & full WO ov the second half W0, the
gate ruet olesrldy bo inhibited at the newb Dy, b iF the first half /0,
the inhibiting pulee mist o the nexb yge  This Ss sebloved Yy weens of
the gate Og, which odulls Dyp as en Snlibiting vulse only 4f the tppyopriate
eemefls By, spooifying o short mudber, hes beon emitbted by the Halfwesyole
Plaughing Unite

Tha posdtive eaels emifted Wy /0 is used to stimlate the
coinocldence gate, A% the same tims, a negative c.m.fs 38 emitted, in order
to aloay the Order Tonk end %:é avold wresnted coinoidence. This ccoms
vigmever coinoldence is found, both in Stege I, and in Stage IX where
applicable, The olesring of the Order Tank fa unmmoessary in Stage 11,
but does not affect the operetion in emy woyr and s therefore allowsd fo
procesd, 5o os to avedd wnesessery esnplication,

The delay ldne My, and gate Gy are used only Yo dsslate B/F, from
wanssegsery resebiing pulses,

lé«é*’:&?fm

The 5.0.% stores the Memory poaifio of the order to b copried 'smtz

Heo Aenoe Cowshanel, ??ﬁc %o

and thog helds the dats ocontained in O3 4o Oyo which ave nsed, of the
ppropriate ting, to dotovuine the behovicur of the Tank Ne. oo alfeeyela
Tlashing Units end the Coincidence Ualte

Hormally, the 5.0.% compences with the Memowy position 0, end
proveeds by the odtion of one at the conclusion of the csvrying out of each
owdery so that the orders are seleoted in nuoewics) seqences The addition
of ene is schieved Ty the emlasion of o pulse from the 1L0.Ue %0 the holfe

5d8er essoniatod with the 8.0.7
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in the case of & conddbtional transfer onler requiving the breaking
of the nornal sequencs, & sating cemefs Lo emitied by the il.U.Us which
allows the contents of the Order Tank to be transfeyred to the S.0.Te, and
$o replace the data held thorse At the seme time, the additlon of one is
suppressed for the next uvperation.

helede Hain Oontrol Unite

It iz now possible to deseribe the supervisory functions of the
Helule in ite velation to the other components of the Control Sectlon and

the Memory end Computers The .00, is shown schenatieally in Fige Te

On the recoipt of an end pulse, or of any other signel indieating
the cozpletion of the careying out of an order or of a 'Stevt' pulse,
the H.CUe first indtistes Stage I, the estraction of tﬁa next ovder from
Hemorye Vhen this has beon Qone It rocelves e resebiing pulse Ry, from
the Coinoidence ¥nit., This ceuses the M.C.U. to indtiate Stage 1I, the
carrying out of the order, the completion of which may de indicated by
either an end pulse (from the Gemputer), a pulse R, from the Coincidence
Unit (when this wndt is regulred in Stage II) or o Dv(D) (conditional
transfer) pulse, The H.0.Ue then procecds $o the next Stege I operations

The .C.U. hes therefore $o diseriminate betveen en Ry pulse, for
initiating Stage IT, end tho other {ypes of pulse, inoluding Bpe Sinee Ry
and Ry both come from the sane gource in the Coineldence Unit, o special
device is used fov seperebing them within the M.0Me  This device ie based
on the faet that an end pulse, or any pulss avting as an end pulse, causes
the enlssion of a pating Gemefle Byqge An It = pulse which s received while

812 is present rust be oan Ry pulse. Thus, the gabe <’:§3 is opened by 830 and
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ondy Ry cwﬁ pass through 1%, Having done w0, Ny stops gyo and Gauses en
18 o 833 to e endtted, This dn buwn opons o providing a route for Re,
wideh is no lomger able to poss through Gge  Thus By and Ry travel by
separate pouliote
The tactical purpome of the .00, is as follows:
Stage X
(o) on receipt of end pulse, or equivalent, 1t enits the gating
Sernls fyge Y0 provide the necesssry routes for Stage I, nanely:
£5.0:%s %0 Cals ond $o Tonk No. and Halfecyole Flashing Unitse
Oxdey Tank to Main Cubpul Duse
{b) it emlts & stimudeting pulse to the C.ll, to onable it to seak
enincldence,

Sﬁ 0 ITa

(2) on recolph of Ry, it emits gy3, which provides e roube from the
Cndler Pank o the Coineldence Unit end all Flaghing Unitse
(b) it endts o sbimloting pulse to the Compuber, snd, in opevebions
regqiiedng it, to the Gl
{¢) In the case of a sign pulse following a Conditional Transfer
Order, 4t enlie o gabing ee.nels connecting the Order Tank to
the 8.0.%
These funobtions are corpled out as followss
An end pulse, o oguivalend, oeourriog ab Dy or Dyg, passes through
the noxaelly open gebo Gy end sebs T/¥y, csusing gys bo be enitieds AS the
see bime, &t sets F/Hy which pernits tho next D, to pass theragh Gy and Gp
as a stimlating pulse, I/Fy being dnsediately rescte
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On roeelpt of Ry, B/Fy s veset, inhibiting g,, and fé‘;f;i?‘g is sob,
providing gyze 4% the samd $ine ‘f«.’z ie ogaln seb, wd the next D,
provides the stimleting pulse for Stege 1L,

In operations requiring tho C.Ue, an By pulse is recelved ond passed
on to the Conputers It also provides through Gg, for the addition of 1 to
the S.0.T

ia the case nf opders T, Ti. I; 0 or ), the arpivel of 3«22 signifies
the end of the operabion, and the gele Bgs phimleted by oo gamis from the
Urder Codor, pormits R to be applied to Gy as cn end ploos |

4 sign pulss, Dv(D), ocourring of D, following a Conditionel Tranafer
Order, sels 5.3/@%‘ which enits both positive and nepative geling O.mefae to the
input and clesr gates of tho $.0.%  The dmput of the 5.0, is nigumally
eormeoted o the Order Tank, so thel the cemefge ondbteld y w’%& canse the

=3

Gelia, to be oloored and to reveivs tho contonts of the Order Taite AL the

i

pame tdee, the afdition of 1 fo the S.0.% is Iahibited by tw gole Gge

The 1.0,0s also provides fouilities for stonping the machine, See
for chetizing by suppression of ond pulses tlwough gate Gy, o to coause
continued yepetition of an owder o festing purposes, by suppressing the
addition of 1 to the S.C.Ts

% da dnportant to ensuxe that no stismleting pules is endtied when
the order doca not require the use of the Cile THe gabe %y 18 included to
dnhdndt the passage of the pulse undsy those condifionse Oy s sotuated by
an Gsmefs from the Order Coder when the order requires o stimulating pules in
Stage The A stimlebing pules ia required elwoys in Slage I, and uee is

made of the fach $hat at the commencoment of Blege I, the Order Pank has beop
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wleaved and ke Sizits slbored dn 4% ave thorefore 21l zeroe The ovder oode
Por the dizite 933 to 917 doss not inciude the meaience {0000 ,which ney
therefore be used as an opler for Stage I, ond therefore as & condition for
sdenion of the stimmlabing pulog,

hebho  Lndev Tonie

Tha Opdor Tenk is used $e store the pordion of an arder which
designates the poaition of & WA In o portlouley Hesory Panke This ig
necssstry, in odddtion to the stalie sborege of the tenl yber sxd the
opevational pard of $he wider, to eneble the C.Ue to £ind coineldence,
The Order Tenk is o sevewry Golay tenl: having & 170 delay., (miy the digits
Og to Og requize storsge o esteblich colncldence, Tul the whole owder is
stored, in order to heep 1% mvallalle for the setidng wp of the appropriste
Plashing unlise

felifs  Transfer Unit nod Hadn Dusse

The normed wethod of transflerping o mudber froa oo conponant fo

snother o thecugh the oubput gete of the first couponent to the Meln Ouiput
Tuagy then thwough the Teensfer Undt o the Main Dupud Dus, and Dinslly
theough the Laput gate of the sooond eonponent, Thus dn general, the madn
Gutpud Bus is womedted to all ocudpub gotes, and the Moin Input Bus to all
inpat gates, To initiate en oporebtion, one dvpud and one oubput pabe are
opened, togebher with all necegsary andliapy gabess

The Tranafor Undd is used to ensure that oll shoyrd nushars sad all
orders o0muw in the copvest heldd W0 For exouple, o maber fn Henosy,
soourring in e fired ball W0, must be delsyed by one hadf 10 before

entering the Accumilstor. Conversely, for & jrassfer to a fivet half N/



