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ihe K.G.5.% can conveniently bs divided intc three basic units: the control
uait, toc storapge unit and the caleulstiag unit.
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Thacoe three uaits are linked in two ways:
1 JJ o wire called the main dus wh;ch carrics binary digits irou one unit
to he other,. and : : .5 : :

by four wires ivhdch-arc Uczd to altey the states of relajs in fie storage

aa. calenlatiag units corresponding to tne srogran being fed in.

THE STCRAGE UsIT

The storaze unii coatains sixteen sitores caél of wiielh can ctore a binary digit
a:d eircuits (czlled the gatiorc ofrewits) uhich' eaable any one or ticce ctores
to be conccted to the caluulaqlng unit individually. The 1li;hts corrcespondiag
to the storco, schowing whetler tley arc oa or off (i.ec. storing = 1 or O) are
arrangoed in a2 cquare a4 feor convenience arc givea letter-numes s to z and ot
to »' 28 in the diagraé: ' & :

o1 — QOw O « O v O =
P O O E Owm

- ow Ox' ©y' OF

- 00 -0} -10 ""il

Yeor the purasogcg ol programming il Is hecessary to hove aames for she store
vhich are Dhiaary nuabers, althou_ 1 these numbers infer anothing about what is
stored in o narticular storc or the meaning of a Jigit stored there; tlhey arce
just acmes for the stores vhichean be used to set the iaput relays 4,3,C0,D
(for instance Tor storz 1011 4,C z2ad D would be set but not ..), and these
would be uged to set corresponding relays in the patin:: cireuitc which would
connect the store with that awac to the aadn Lus. Jho nane for aay store can
be founl easily frony the dim~ral by talzin: the twe @izits ot the cad of the
horizontal linc it 48 in as the firct tuo disits ol itg nane, and two for

the verticel line for the last tuo; for sxample, y woul: e 0110; x' would 32
10 o

THE CALCULATING UNIT

Thi: vnit canm accest two DLiuory digits and perform ocue of a number of different
caleulations oa then depenlin"onn tiae state of feur rzlays At,ha, Ceadpinn THE
connvruction ol its eircuit. The two i:out binary 2igits p g BFC LHE LWe
relays P oand @. For oxam: 10 if =1 and q=J theun tae P rcu:, is ses but the
Q reloy shoys relaxed



wren tae required circuit has Lsen selocted by activating the right co.bination
oi A ,B 4C (D thea the output r aloag the main bLus: will be determined by the
stiate of the P and ¢ reclays. P

Just as vith the storage unit, the state of the relays A L ,C cad D denends
or the prosra: being fed into the control unit. Suppose, for examslo, the
irput te the coatrol unit at a particular stazje in the progran consists of 4
ard I off and ¢ and D set anc this is thon tronsfecred te the A,D,C,D relays
of the calculator. It is cenveunieut to express this input =o the four-dizit
himary -aonber 0011 although it is an instruction to the coasuter. Thc
czleculating unit can now perfor: oame of its eight basic functions, the (00==
ard Jf~« projrames (10-« and 11== prosrass will Le deslt with: later). Yo see

wkat it deces ve can write doun the truth tabic for the inputs p and q 2ul output

v
& ¥

F a T P a
C 2] 0] 9] g -0
o] 1 1 z d 1 0]
L 0 1 1 © 0]
i} i Q T 1 1
oregram 0011 - ' program 0000

Lfhe CO11 program uill e recognised as that for the ‘put doun' digit for
accition. The tables for other inputs are .given separntely, olthough the -table
fer the OC00 prograpm 1s put down sinee it iz relevant to the later diseuscion
as the 'put down' digit for multiplicatien or the carry dizit for addition,
LHE CONTROL UNIT AilD OPURATION OF THE CUMPUTLER

«rig unit is based around a rotary suvitch vhich has six ctable states and turac
from one state to the next state every time it is pgiven a nejative potensial.
leing this switch it has boen possible to connsct the storage unit, the :
cazleulating unit and the program input in .six distinct ways, Because of this
thaz input has to bLe translated.in diffoereant ways dependin: on which state the
rotary switea is in. he progran is bLrolea doun into cycles of six stages coxr-
esponding, to each of the ctates (the data has Lesm cet into the stores veifore
running the progran) as fellows: . : -

S1AG8 1 The prograa input a,b,c,d is.connected to the sterage unit but not te
ths calculating unit and the main bus travels fron the otorage unit to the P
relay in the calculating unit. This neans that the input a,b,c,d deternines

tha particular store which is to be connected with the caleculating unit and the
ctite of this store deternines the state of the P relay.

STAGE 2 This is alnost the same as staje 1, except that the nain bus nov connects
& store to the ¢ relay of the calculating unit so thet the input a,b,c,d now
deternines the stora whuch ic to be linked with the Q relay

STAGE 5 ithe input a,b,¢,d ic now connected to the calculating unit and not to
th: storage unit so that the input determines which calculation the conputax
will nake.

STAGE & The input a,b,c,d is reconzcied to the storage unit and discénnected
irom the calculating unit while the main bus now conncets the output from tha
calsulating unit to the storage unit. The effect of thia is that the input

de termines into which sitore the result of the calculation shall 20,

STAGE 5 This stage is mainly intended for use with supnlementary instructions
laiar. At pressnt a Q000 input e¢an be used each time. iAlso during thisc stage
thy caleulating urit is rocet ready for the naxt cycle.

STAGE G The input determines a ctore which will be empticd (i.e.reduced to
storing 0). This is norumally the store to be used for the result of the pext

ca .wulation, although for the last cyecle it can be .any stere not in use.

Th: computer iz eperated by a numbsr of push-asvitches. Aay stor: ean be set (i.e.
meie to store a 1 dipgit) by pressing the correspoading switch in the set of
sitheen, or eaptied (made to store a O digit) by doing this while switeh H is
he'd down. The switch L centrels the rotary suiteh (unisclector) wihich noves
reund ene position each time L is preseed and co can ba noved to the startin;
posiition for setting data. The progranm can then be run by pressing the reguired
co.ipination of A,B,C and D according to the four-dizit input sode in the prosronm
ard then precsing L thes the neyt ‘m'mt ¢cde then L and s0 on AR € and™D

do not need ke be held dpwn as they set and are vegeb ulen L oo sileicad .



To see how a calculation is performed ths program for the addition o7
two binary digits n,and n,%to give n"™n' ia given below in detedl. The
contents of the first eight stores (COUO to G111, 3 to z) are given;
the other storses are not used in this program,

Data input n,+3(Co00L) E

n,+»L(0001)
' input contents of stores

cycle stage code details of progrom stuvwxysz
1 1 2000 n,scale, unit n.noOO0000D
2 CO0L  npeale, unit nn000000
3 COlL  put down digit n' for 0
n,«+n.is calculsted nntoouoos
4 Olll n' stored in 2z nnooO0ounnt
S QU000  reset nnooooOLnNn'
6 0110 atore y is emptiled nn0 0000 Nt
a 1 GO00 n,-»ecale, unit : nnC 0000 n!
2 000l N,»calc. unit n,me 0000 nt

3 Co0C0  cgrry digit n" fur
n,:n,is calculated nnoO0 00 0 nt
4 0116 n" stored i y n,mno 00 0 n"n'
& Q00C reset ; nn0 000N nt
© O0ll  store v is empticd nn0 000 "N

If larger numbers are added, iour cyclee are needed for sach column
except the first and the last ag the carry digit from the previocus
column has to be added in. The first two eycles would a2dd the first

two digits for put down and carry; the rext two woull then ail thbis

put down digit to the third digit for put dowm anl carry. The results
from both carry calculations can be put into the same store as thay
cannot boeth be ones,

Fof subtractiog (A-B)A and B being in bipery notation it is easiest to
regurd this as A plus-the true complsusnt of B, Ihe trus complament of
a2 number is forwe. by changing all the U3 to le and vice vers~, an.
then aulipg one to the result.

In th: computer it is necescary to fini ealculations which rive,for

the units column,the put and carry cigits for l+p+J (where @ neuus not
yl.e.l if q ie O 0if 1) these are calculctions COll for put an: OL1C
for carry. For the other columns the cilculations for put and carry

for »+{ are 0100 and (COl respeciively. The carry é'rits fron the
previous column can then be added 2s ia the addition prorrem using
caleiletione OOLL and COOO, ‘

IMREE DIGIT CALCULATTONS

The programe sc far deecribed would,be conmiderably simplified if
calculat:ions could be performed usings three dirits at a tims (4in many
cases reducing four cycles to two). Az 1lncreasing th: number of elagas
per cycle would create other difficulties the calculating unit was
extended 30 thet 10-~ 2nd ll=— calculeiions would use ihree digiin, the
third digit always being that in store 2', However, Lhis only recducail ths
four cycles to three as the result fros a thress digit calculaticn couald

not itself be fed to z' ready for the aext calculation. Se the celoulatis
unit was al-tered once modre 8o that 10-= galculations used y'. This
means that for normal addition or subtraction the carry diglts can

put alternaeiely into y* and 27,



The thres=aigit calculutlions ars used a® follows s RCUIROLIR QRO
the mpthod of using Y' for the third uigit willbe given, with the
Jifferenceas for 4" in the brackets. whem a JO__ (LI _) rrogram &
is in stope 3, 1f yo(st) is storing a O, then the rssuii will De
the seme us for the corresponding (0e= celculationi if Fr{av) i3
storing & I, then the result will be as ehown in Lhe relevant table
of the lest four. For the pui and carvy digitas imaddition and the
carry digits in subtiraction, these ara the corract reslis If thers

{s & cerry of I from the previova column. It should be noted thet
there are po three-digit calculaticne correspondig to the OT=-
progrems and so none for the "puil" digili in subtraction,

As an example o program to add two twmbem ¥broe dlgiis iong tco
produce the four-digit result is given, The atores uped for ths dais
and result are shown by : :

T uv

$ XYz
g

< ———

Amy combipstion .f stores coulc be used, but this mothod has
the two originel numbers on the first two rows of lipghtsd @ nd
their sum in the loglcal position on the next row,

CYCLE 3STAGE INPUT
CODE

0oCl1 FIRST 2UT DIGIT TO V'

wOGCO FIRST CARRY DIGIT TO &°

1111 SECOND FIT TO U' (Using carry in 47)

110G SECOND CARRY TC Y?! (Using carry in 4°)

MBS b ;B OB WN
e
R




CYCL.E a7 AGE INPUT

COUL . e
O10L T ¥
1611 IHIRD JUT 1C #F (Using cerry in #)
1001

0000

1000

0001

clol v’
23T THIRD CARRY %0 S (Using carry in 4%
31000

0C00

1110

Atnd WM Sondoa po

Calculations Using Adder

The computer alpo pessesses en adder which will autematicaliy add
up uny binsry digits sent to it. Thia can tonsiderably simplify certeain
calculations, For instance, a proegram to multiply two three-digit
Dinary nuwbers would require 9 cyclss to aultiply the variocve digits:
it would also require a further 13 cycles to add the resultant digits
to .preducs the finsl snswor, With wutvxatic audition the length of
the process 1Is reduced from 22 cycles to &,

When the adder is In use, It must be decided what the result of
the calculation repressnte. For exsaple, if the "&'af gfiwesmrvoimnmiar
digit of ons nunber has besn multipiied by the "2v's" digit of -
snother, the reaudt of the celculation should be fsd to the addsr as
an £, «ne power OF two which is to be ted to the ad.aer ig ANARAZREX
pawiianfaio wkidl written In'binary, enc this is the input eode
a0 ¢ dior stage thtted four. 1n this cuse, 8 is twe Yo the pover 3;

3 1s 1l in bimwsry; oo the input codz for stage four 19 CULL. Any
powsr ol two ap to &£ to tus iiftesnth cean be fad to the adder.fhe
caximum capacity of the avder is (27 -31).

o chengs over so that the rssults ¢f cualeculations urs sent o
the 2 der i sterd of the stores ,otage five of t.e cycle L.s trbe

se’ for the £'rst ti e, Tuput code 2016 in sia-a five sets the

computer so thet in all subssquent calculations “he result is sont
te the udder insteud of the stores. Input cods OUll in stage five
resets this so that results are sent to the stores augain., If the
resuli® of the first calculution in the progeram hes to be sent to
the advery this wust be laft to the second cycle, the firsi cycle
centoaining & dvmmy calculation (sse example} #nd GWLO in stogefivs.
If the aduer 1s in upe at the end of the program, (il should be set
in viags five of tne last cycle to raset for other programs. Ao axampie
is glven of a program 4o mulilply a three-digit vingry numver by a
two=digit binary nupher with the result in the adder, The rusuly of
the caleculation in the first gyclie is tha Bams as the digit slready in
store 3 {(GOCU) and this is fed wo stofe 5 9o thai ths calculavion has
no eifevi. Oyecldas £,3 and 4 muliipiy the Jigitd of e tirst nusher
by the unl¥s diglii of the second cyclse 5,6, and Toy the "E's" dlgit
of the gecond, The stors reset in stegs 6 edzh time is 5 {0CO0) as
thiz stors is Lot in ues in the. program. ‘ o




tuv

resuli in edder

S¥cLs,  _STAGE. THPUT
CODE

(8 €8]
CO00
Co00
0000
Culo

QBB TN O 0B WK

g.
o)

000l
ciil
0000
0010
CG00
GO

o0LL
010

o)
GOPWNEN RPN UL BN
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