SECTION 3 - INSTRUCTION CODE AND PROGRAM

3.1, SBiructure and Qoding of Inetructlon

The computer ls operated by & 'program' which iz the liat of lnestruo~
tions regulred to effect a complste job. Tach instrustion directs the
mechine to carry out oms of & renge of comparatively simple cperations, the
type of operation being defined by ite 'function'.

Bormally thare are 31 basic funsitions (0 - 30) on an EMIDEC machine,
and a {able of the instructlons for these functions ia glven in Appendix II.

Programs sre stored in the cowputer repisters in ezactly the same
wiy an other working data. Each inatruction im held in ope register, and
a further code is employed whereby the 36 blts of & reglster are used to
repregent the parts of an ingtruoction.

One essential pert of every instruction is the functlon number,
mentionsd above, which determines the type of operation to be carried out.
In mddition we must specify register 'addresses', the 'sddress’ belng the
mmber of the reglster containing the numsrical dats upon whioh the
operation is ¢ be performed. The immediate scoess regiaters are numbered
from O 1o 1023 and the instruotioms operate om the dats in these regiaters
by incorporating s refercros or 'address’ of the particular reglster or
ragioters whose contents ars required for the curTent caloulstion.

ENIDREC is & 2 address mochive. That 1s to say it is eo designed that
one inatruction is sufficient to carcy cut sn operstion involving the con~-
tants of two regizters. Basleally the itwo registars affested are the
‘oource' reglsber and the 'destination’ regieter. Thus o itske the cmge
of & mimple trensfer or copy imatructiom, it ls required to reproduce the
ommtents of Teglater 'a' in register "d'. The inetrustion must then specify
the functlion 'transfer', which ig funotiom 1, the address of the souroe .
regigter from which the contents are to be copled, aud the address of the
deatination regivier into whioh they ars to be transferred. 'Mhe parts of
the laetructlon relating to these addressss are conveniently called the
*a sddregs! end the 'b sddresa’, mnd this terminology iz applied throughout
to all imatruciions, though it will be found that with more couplex functioms
theaa iwo addressss do not invariably relate to ‘mource’ and 'destinstion".
It will be feund too that for some Punctions additiopa) loformetion is Te-
gquired which camnot be scovmmcdated im the 's! or 'b' sddress. For ipstance
with & ebift instructiom, in eddition %o specifylng tbe source snd
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degtination reglsters, it is also necessary to indloate the pomber of places
$o be shifted. A further section of the instruction word is allonated for
thie purpose, snd is terued the ‘o' sddress', although 1% does not in faot
represent the addrees of B register, but only additional mumerical
{formation,

Ona othar finsl slemsnk ls requlred iﬁ the ocomposition of en in=-
struotion, and this 1s the modifisr. The operation of modifisre will be

oxplained later [HSeotlon 6), and it ie sulflcient now to say that space
muet be ellowed for this purpose in the lunatrTuctlon word.

in instrustion word, then, 1s coded in five groups, thuasx

J
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'at gidress "W address ig! gddresms Funotion Modifier

T+ will e nofed that the modifier ouﬁupiau.thraa ddglin, from C 4o
2, the function ococupies five digiis from 3} to 7, and the 'a' and 'bf
addregmas sanh opeupy ten digite from & to 17, amd 18 4o 27 respeotivelyy
and the 'e! pddress ccoupisa eight digita from 2B to 35.

Faug bollng, sa before, m simpls transfar instmotion, suppose it i
roquired to copy the oontentm of -reglster 224 into regiater 225.  The
trapafer function 1o 1 and no modifier or o address details need be
gpeoifisd, sc that the instruotion wlil bei-

o addrons 0 w Ybdpary H]
b addiwes 295w i 11 10000,
e address 224 = " 11100000
Punctlon 1 = L L
Yiodifler 7 = L 0

Ti bipary coded form this in 00000000,/0011100001,/0011100000/00001,/000
s0 that when this instructlon i iteelf atored in a reglster it wlll appear

B e
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Again 4% will bo msen that this s equivalsnt to the slphenumeric
grovping mmcm{mmuhmﬁmfm;.1ofa¢mﬂu/oumaaf and aleo equivelent to the
pure binary 11100001001110000000C0L000 ox 53,039,752 -
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Since words stored in registers may represent elther numerlecal data
or program instructions, it might perhaps be zm wall to reltarate the concept
of 'address’ to ensure that 1t is quite clesr. The addrees of a reglster
ig its reference nmumber and an instruction cam only operate on the contente
of a reglater by 'addreseing' the register by ite nunher. TPart of the
ilpatruotlion word ls used to indleoate the addresses of Tegipters whoss  con-
tents are %o be operated on. Confusion oey arlae because this part of
ths instruotion word is itself refeorred to 2a the addresa part, and is divided
into the 'a' address, the 'b' address snd the ‘o' sddress. It should be
remenbered that the term ''a' address' is reslly an abbreviatlon for “the
part of the insbtruction word in which the address of the 'a' register (i.e.
pouras reginter} is written", and similsrly with the "b! sddrenps. The
"'o' pddress’ however, does not indicate & reglater addrses at all and ias
Bo called enly for convenlence in referring 42 the parta of an instruotion.

Finally 1% shouzld be noted that the instruction word 1teelf will be
stored ln = reglster and mo will have sn addiress i.e. the address of that
register. Thile lw quite dietinot from the addresa part of the word itmslf

which vormally refers to the addresses of other registsra.

It has now been sxplained how both program inetructions and worlding
date are representsd by binarty worde which mwsy be held Iln the lnwedliate
accesd atore regiptern. Por more axtenslve atorsge these words are hald
on tha dvum. They mre held in axactly the sawe form einoe the magnetia
surface of the drom alse slrmulstes binary 'ones’ or "seroa'’, and this surfaoe
im divided wp, for esse of storage, Into 256 'tracks' each cooupying a
full cirouit of the drum cach comteining 64 words. lors will be said
later (mse Seotion 4) about the arrangement of ipformation im the mtore and
the way in which 1% is extracted end used by the mschins, It is pow pro—
posed, however, to consider aows of the Ffunotlons thempelwes, apd tha
methods of writing thew and using them in program mequences.

3.2, Writing TPrograms

It hes been shown that, wiihin the computer, program inetructions
are stored in binonry oode im the forms-

o' addresm 1w pddresm "a" ‘addrapa Function Yodifier:

The machline ls, however, provided with automatic comverslom mo that
1t is unpecessary for the programs to be actuslly written in binary form.
The machiné, ip fect, 1z not only sble to ocunverk the numbera read im, but
alao to alter thelr ordary; within defined limita. Thus the written progren
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%o be presented ta the cvmputer, may be completed ia ordinary decimal figures
and the parte of an instruction may be seb out in the order most convenient
for writing. In practlce thim has peen. found to be as followsi-

Funoctlon *a! sddress tht pddress 1 o' address Modifier

(Joding ehests for preparing programd arg therefore ruled in this form.
The § address is divided into twe columne since for mdme tupetlons 1t is
nocessary o indicate twe unrelated mumerical valuves in thip address. The
two oolumna are known as the €1 and 02 nddresses. Bach hall of the "&!
sddress poouples four of the inetruction digits, from Dgg o D4y and from
n32 7] ﬁ35 respsctively. Dobted llnes in the 'a* and 'bf addrepies wre
provided for the purpose of an addrass referencing ayatem o be sxplained
later.

Generally apsalking the 28 fumotions provided on EMIDEG may o divided
into three groupd, l.e. o

1. Inter-ragister aritbmetic fonotions. TFunotiems O to 10, 26, 27,

. 208 0.
#. Mept funotlons. Functions 11 ta 14 and 2%
3. Punctions transfecving belwaen Punetione 15 to 24 snd 28

regloters and other units.

Within the flret group there mas be distinguished certeln functlons
whith sre used not only for arithmetic bub alse for Torganisation’. Thet
i, for the gomorsl hendling and arrangament of information in registera.

Fe will fAsal Tiret with the arithmetic fumctioms, and cerialn other
matters whilok aviss in commection with their wse. Tien we will congidar
ihe forgardostion Danciiong’ {puge 11) and the test fumctloma {page 7).
Pha fuccticns used for tracsfers to and froam the drum and the pariphsral wnlte
¥iil be explainad leter in the sectlons where the various unltip are des—
oribed. (Seoticns 4 and T1. .

3.3.  Inter—Regiater drithwatlc Functions

Regligker to Hegister Tranafers ~ Function 1

Thiw is the eimplest instiueticn and is used to copy the sontents of

sms ragister inmte anotber. The contsnts of the firat regleter ara ot altered

im any way. Thus o transfer the oouients of cegieter 100 to vegimter 101

W wrikss-

f 2 100 !
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The contents of regimter 100 remain unchanged, but any previous con—
tents of register 101 ars clearsd before tha new value im tranafarred in.
It #ill be noted that the mource register is apecified in the 'a’ addresas
8nd the destination register ip the "D address.

e will next take the four normal arithmotical operations, add, sub-
tract, multiply end divide.

Add -~ Function 7

Thie instruction adds the contenta of one register to the contenta
of another, so +that the pum appears in the sepond register. Ths contents
of the first (source) register remsin unchanged. 8o if we have § in regimter
300 and 3 4n regiater 301, and we wish to add them togethar, we writes

DT TT 3 {301

The contents of reglster 301 will become 8, and register 300 will
remain at 5. The original 3 in the regimter 301 will, however, have hean
logt.

Subtract -~ Punction B

Funotion 8 subtracts the contents of one register from the comtents
of ancther, plasing the difference in the mecond regimter. The contents
of ikie first register are unaltersd.

To subtraot 5 im Tegloter 100 from 12 in register 101, therefore, we
ghould writar

100 ' o101

| 8

The sontents of register 101 are reduced %o T and the originsl 12 is
lost. Reglster 100 will, however, remain at 5.

Multiply - Fanetion 9

This lnstruction miltiplies the sontents of one register by the con-
tents of another, and plases the result in registers 8 and 9. For the pur-
peses of this function reglsters 8 and 9 operate as one regimter of double
length 1.e. T2 bits. The contents of the gource regluitexrs for the multi-
plication are unajtered.

Thue, suppose we have 2 in regleter 200 snd 6 in regigter 201 and we
wish to multiply them together., We write:

9

200 ! 201
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The 5 is maltiplied by the 6 and sny previous contents of regleters ¢
and Y are replsced by the produst 30. The double lengbh register 8 and §
ig srranged ee the destination ef sll multiplication cpsratiome. Double
length im provided sinoe when the two numbers, esch of which may confaln up
%o 38 binery plaoes, are multiplisd together, the product way contain up io
TZ binary places and in mmny cases thersfore a singla destinetion regloter
would no$ be cdequate to hold the result. Bven Af the product belng cal-
aulated does not, in fact, excesi the capasity of one regiater, s%ill both
regigters A and § ars sleared and replaced by the preduct {the product
in suoh & oasa belug in Tegister 9, and register & baing reduced 4o ZET0).

Botl pddresass specifled in the imatruetion indicste gource reglaetara
and could as well be wriiten im reverse order. It should be noied, too, that
elther vegister 8 or 9 (but net both 2s one unii) may be spacified aa a

gourcs register.

Dlvide - Function 10

In the ssme way thet double<length vapacity le provided for the pro=
duot of & multiplication, se with diviaion, in order fo get a more signiflcant
rogult the dividend ie alweya comiedned ln reglsters D snd § - agein used as
one double~length register — and the dividend muat bs placed in these ragistera
before the divialon Panetien ia weed. Inatruetiom 10 thereforw doss not
ppecify the address of the dividend, but the adiresses of the dlviaor sourocs
and the guotient destination, in thke 'a' and 'b' addresses respectively.

The divigor snd quotient ara sach %o he contained in 2 alpgle reglater only,
and 1t most be ensured that the wuedlent, in parbiculer, iz pot likely te
sxcasd this ocapacity for should it da so mll the memuits of the divieion will

bacome masningless.

After completlon of the operatlon the guotisnt will aprpoesr in the
regiuter gpeolfied, and the remsinder will be left in the double-lemgth
regiater 8 and 9. Sinos, howsver; the dlviser iz limited to & eingle regleter
all the remainder mogt, ip fack, be conizined withdn regipter B.  The dlviaor
remains unaltored after the divieion.

Buppoge wa wigh to divids 30 by 4. Tha 30 must first be placsd in
regieter ¥ and adnce #ac small & numbar will not extend into register &, thie
lattnr rogister mmst be clearad so that the double-length register B and 9
comtaing only 3. It the 4 le in regieter 100 and we wizh the quotlent to
appesr in register 101 we wrifte:

10 1100 P 101
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Tre 4 wlll remsin In register 100, 7 will replace the contents of
reglater 101 and 2 will remain in regiater 9.

1% 18 possible to divide with a negative dividend or & negetive divisor,

or both. The remainder howsver, 1s alwaye poeitive so thet if the dividend
1s negatiwe the quotient is in effect rounded up to the next higheot whole
number.  Thus for instence if -367 im divided by 4, the snswer glven will
be -92 with a vemainder of 1. Or if -5G2 ig divided by -7 the answer will
be BS with a rewalnder of 3. If however, only the divisor is negative the
quotient »#i1l be rounded down in the usual way, @c that 672 divided by =5
will give =134 with o remsinder of 2,

Double—length 4dd - Funotion 26

To give grester facility for working with doubls-length numbers.,
EMIZEC heo beon provided with & double-length add funetion. By use of this
function the contents of any twe adjacent regloters mey be mdded to any
other twe adjacent regletars, the two regleters in each case belng treated
as one double-length regletsr of T2 bvits. The reglater sddresaed is, 1in
eaoch ocage, the lower numbered ar more significant one of the pair. In
other respects this funotion cperstes in the same way am & single-lsngth
eddition, the sum appearing in the reglsters eddressed in the 'b' address,
and the contents of the 'a' address reglotera remaining unohanged.,

Thus 1f we had cna douhls-length number in reglsters 20 and 21 apd
we wighed %0 add it o soother in reglsters 30 and 31, we would writet

26 v e i 10

The gum would sypsar in registers 30 and 31, and ragieters 22 and 21 would
ramain unchawged,

Double-lensth Subtracht - Fumetion 27

This furstion also operztes on two psirs of adjacent rogletors, treat—
ing each psir am ona double-lorgth rogister of 72 blts. Thus to subtract
one double-length number in registers 20 apd 21 from another in rogimter 30
ard 31 wo sould wrlio:-

30

27

|

e

The difierence would arpsar in rsgislsrs 10 and 31 and reginters
20 and 21 would remaln uncharged.
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Halt - Punotion 0 (and Program Alarm)

Cease operation and await manusl restart, Thie funotion ean be
made conditiona] on the state of tem Halt Condition ewitches on the Console
Donk.

If D8 of the instruction is ZEROQ, the halt is mbmolute.

If D18 of the instruction 1s ONE, the machine wil halt only if thers
is & ONE in st lesst one of the digits DB-D17 AxD the corresponding Hald
Oondition awiteh ig LowWNH,

A funotion 0 inetrustion can slas be ueed to mound the alarm by
waking D28 ONE ang D23-D35 ZEROS., o other combinations af D26-D35 will
ceuse the alarg g Bound.,

(nce sounded, the slamm can be allenced m2mielly by preasing the
Claar Alarm button on the Comaole Desk, or by program by means of a function
a ingtrustion, witn D29 OFE and b28, D30-D15 ZEROS, A stop instruction
with D28-D35 p)7 ZEROS leaves the ocondition of the slawm unchanged. Certain
other combinations of D28-D35 either leawvs the alarm unchanged, or silence
it, but the ones duotad gbove are recommended,

Thether & atop 1a aonditionsl or unconditional, and whether the
vondition im patimfied or noty 1s lzrelevant to the operaticn of the alarm.
The content of the tar and ‘b’ addrvemsss ig likewiss irrelewant,

3.4. 3pecial and Constant Heglstora

Befora dealing with any further inter-register operationa, it should
be mentioned that g ferw of the immadinte acosan store regiasters, numbers 0
to 16, havs spacial uges, It has alrsady heen atated that reglaters O apd
9 ere uased for produvota and dividenda, and register 10 is 2imilarly used am
the destination of the ccllata eparations to be desoribed ahortly. Begistern
1 40 T are employed for modification {see Sectien &) and register 16 ig the
eonmaie register (ses Seotion 8).

Registors O amd 11 to 1% are the constans regleteras which differ in
sonstruciion from the othep Teglptera and cannot ba need s destinetions, but
only em ths sources of the partioular cohatantes which they contain., ‘“he

dontents of the constant raglaters are as followg i
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Bagister 0 Zearo
: 11 Ons in position DO (i.e. 2 or 1}

y 12 mmomopg w8

" 13 o omopg v 8
d 4 nom w o opgg o 2%
L 15 o0 v ps om 2%

Theae contents are provided sc that they may be reandily accessible
in reglatera as they represent some of the valuea moat commonly used ln pro—
gramming. HRegisters 12, 13 and 14 of course, in addition 1o thelr sbeolute
arlthoetiosl value, represent o 'one’ in the firet diglt of the 'a', "h°
end ‘o' sddvemses respectively.

3.3, Erogzam Conatanta

R

Many coses wlll, of courss, arise where figures are regulred which
ara neither included with the working deta, por provided by the constan®
reglatera. Such nuwbers can be formed by caloulating from the constant
registers, but normelly it is more convenient to introduce thss as part of
the program. It has been phown thot, within the eomputer, program in-
gitructione are stored in hinary code so thet inside the machine = program
taken the fore of & aumker of binery words stored comascutively in & group
of reglsters. Similarly the information to be worked on will he stored inm
another group (or groups) of ragisters slsewhars in the machina. Now if
we requlre to use &2 constant in & caloulatiom it must be storsd in reglisters,
and if it ia meither in & conabant reglster ner in the working information
regicters then we must introcduce it imto a register by inoluding it with
the program. Suoh a conatant is mot o be congidered ag an ineftruction
{(though it may be one) tut s & constant numeriocal valus which is ineluded
with the ilnestructlions merely for the purpose of introducding it into reglstera.
GCare 1s in faci taken to ses that sueh o constant ie not parried out zm an
instruction, and it is usually written at the end of s program stage after
tke ingtruotions themselves.

Alphabetic oconstante sach as, for ersmple, the word OREDIT are alma
introduged imto the co@puter in this way, by inoluslon in the program, so
that they are stored in regisfers snd are aveileble asz required for print—

ins out .
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3.6. Bimple Arithmetic Operations

Using the functions and constants explained sbove it is now possible
to construct elimcle program sequences for arithmetis oparsticns. Suppose,
for instance, we want 10 in register 100. The figure 10 may be introduced

ag & congbant in the way explained sbove, but to illustrate the inter—
rugistar_functiona we will magume it is to ha profuced from the conatant
soureas. It may be dome by siwply adding into regimber 100 as followsi-

0 gl 11 100
1 T 11 100
2 T 11 100
3 T i1 100
4 T 11 100
> T 11 1040
) | T 11 100
T T 11 100
4] T 11 100
9 T 11 100

Register 11 (Comstant 1) is trensferred to reglster 100, thus olear—
log the previous comtente and sstting wp 1. A& fParther nine 1fg are then
added %o lt.

The Tirat column in the above sequencs contains the serial nurbers of
the ingiructionn foom O wpeards. These gerdal nunbers are always orinted
down the left hand silds of the coding sheets.

Por a further example let us asssume that we want $o divide 100 by 3.
¥e can obbain 100 by wultiplying 10 (in Beg. 50) by itaelf, and we can find
) by the process of adding. Ho we srite:

a si__. ' 50 V50 100 in Rega. 8 & 9
1] 1, o1 | 101 _ ) _

z{ 7|+ 1| 101 {3 1n Reg. 101

3l 1 C 11 191 )
BRI Divide

The reault of the multiplicetion (instruciion 0} will automatically
appear im regiaters & and 9. In fact, since the product is only 100, this

amount will be in reglater 2 and reglebtsr § will be clear. FPor the divigion
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(insiruction 4) the dividend must be in reglster 8 and 9, but, by virtus of
the previous multiplication, i% is already there. In the result we get 33
in register 102 (as directed by instruction 4) and the 1 remeinder in
reglatar 9. . Register 8 will atill be closr.

Now suppose we want to divide 3) again by 3y then first we muet place
it In regigtor ?:-

] T
0 1 | © N Clear heg. 8 {ses
; | below)
Ll 2] e o g 33 in Reg. 9
2 |10 L1061 103 Divide
i [

Since the division instructlon invardally cperates on both rogletera
8 and 9 1% i@ mecessaty, when the dividend is tranafarrad to register 9 only,
to ensurs ibat register 8 iz elsar, otherwise digites remaindng in 8 from a
Mrevious operation way destroy the meanipg of the division. Thus in the
above exercise register B is cleared as o first rtep. {(In fact 8 would have
bean oleared by the multiplication in the previcus exarcimse, but the felear?
instruction is included to illustryate the general principle). Fext 33 is
trenaferrsd inte regimter9, snd then we can perferm the division which will
Place the quotient 11 in register 103 and leave gerc (the remalnder) in
regimtar Q.

3.7 - Pasking

Bofore dealing with any further funotiome it will be helpful o explain
the copcept of "peeldng!. Tt has been nﬁid that ihe baple storsge unit _
within EMIDEC is the word of 36 bits, amd any numerical or alpha informatiom
is comtained within each worda. The eapacity of a 36 bit word i
34,359,738,367, and 1% ie elear thed in normal operatiom it will be reve to
use numbers of such magnitude. It is tterefore often the rractice, in order
to conserve storage mpace, to 'pack! ipto ome word, twoe or more mumerinal
¥alues.

Suppose, for inatancs,that we ave storing infermstlonm soncerning
employeea, and for sach employes we bave o hold & olock yumber of from 1 %o
5000, a grade of I %0 20 and a tatal of normal waekly hours worked from 1 4o
60. Then, to accommodzte the clock number we require 13 binery diglts, for
the greds 5 dlgits, and for the heurs worked 6 digite. Sc we may allocate .
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gsay DO +o DT to the grads, DB to P37 %o the hours and D18 upwarda tc the

- clogk cumber. © A11 4he informstion for one esployas cap then be held within
ona word. It should, however, be evldsnt that while storage may be arranged
in this wey 1o gections of g wurd, yet for eny arithwetic operations &
complebe word must be worked on, o that it iz nesezssry for Infurmation to
be 'unpeoked'! when 4t is to be handled arithmetically, so that ary number

gacuplon & complate word,

Toth for ipacked! informetdon and for the holding of lnetruoctions them—
gelven, it Lls recuired thet & word should be coneldered in sechlmsa. The
funotlons which we sre to oxanine next nre used not only for arithmetio
remultn, but sleo for tue ‘orgapipation’ end hendling of pariicular word

pachidn .

e

Phe oollate Punotion compaves the contenta of twe regloters and prge '
duces & mitber consisting of & 'ons! in sach bimary plece in which boih of
the rogleters coibpared have a coe. The number so produced replaces the
arnbants of regiater 10,  Hepister 10 in slweye the destination of s acllate
pperetion snd the lnsiruchblon addvezges are used 4o speolfy the two rogisters
40 be ccmpared. To show the cporatlos of this functiom let us suppose that
in regleter 100 we bawe 16, which in bimary ie 10000, and in register 101
we hava 21, whieh 4@ 1010L. I wo then cellate these regleters we shall
get, io regieter 10, 10000, that 13y & %ona’ in the D4 position, where both
10000 and 10101 heve & ono. If we had 31 in reglaster 100, that ie, in
binary, 11111, then on collablng with 10101 we should get a reproduciion of
the latder f.e. 10101, This facllity ip weed for toansferring secticns of
& word, Taue, i€ we were holding an ewmployes’s data in 8 single reglster
A3 muggestad in poragrapi 6 cbove, with the grede Lo D9 fe DT, hours worked
in D8 to DT apd olock mmbar in P18 upwards, we sould, by use of the ccllate
oparation sepsrato ond oue of theos secticne from the packed regleter as
tha muliiplication would sot en all 36 digite snd ths result would be wesm~
ingless. 5o we ovllate the packed regloter; say regleter 200 with anothel
' regiator coabaining ‘onse' in caoh of the poeitiona ocooupled in register 200
ty tho howrs worled, 1.e. 26 to DIT. The dastruobion would bes

| 6 Teco| vt g1 | | !

wiere reglster 201 conteinm the consbant of ‘cnea' in positioms DB 4o DIT.
The roault of the inptruction ie fo replace the conbeats of register 10 with
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a copy of the contents of DB to D17 of register 200, btut with wsrce in the
remaining gactlong of the regleter. The number in reglater 10 can then
be uped for further arithmetio work.

Tt mhould ba noted that register 10 may be used, if required, am eme
of the sources of a collate ipatruotion. It may alao be used for other

oparationd ae & normel reglater,

Abift left - Tunctlon 2

The affect of this funetlon is to talee the contente of a regleter and
ghift them left by a specifled nikbex of blnery places. The resuli may be
plaoed in ancther reglater or may replsos the contents of the souros ragleter.
The source reglster is written dn the 'a' usddress and ths destination reglater
in the '"b' addresa. The number of places to be shifted ia specifl=d in the
Tol' address. If the "b' address ls difforent from the 'a' mddress; then
the contenta of the 'aA' pddress remain wvnchanged by the cperation.

Dra of the main purpoges of s shift instruction is 4o snabla sactions
of a word to be moved to the appropriate pleces within a register. For '
exampla, when coneldering the oolisate funotions we showed how the contenta
of & Tagiptor conld e lunpasked' . Suprose now we wiph to perform the Ccon-
raTHe process; and pack a reglster with these mubers ranging upwarda from
the D0, D8 and D18 positions. The thrse rumbare are at pregent held in three
pepaTata Tegleters (say registsrs 21, 22 snd 23) in the ususl position from
DO upwarda. The firet can be left at D0, but we reguire to add to it the
aecond in U9, so befors adding we must chift tho comtents of the second
rogipter § ploces fo the left. S0 wo write:

le | el i‘22f8 1 1 ]

Thia shifte the contemts of wegimter 22, 8 places to the left, zeros heing
introduced from the right for the B additiomal places. The result appears

in the =ames register. Hegletar 22 oan then be mdded inte register 21.

Simllarly, befors being added to reglater 21, the contente of reglster
23 would be shifted 18 placas, thimi-

e | 23 ] 23 18

Thers are of ocourge othaer asthods of packing but the sboeve exzample

Llluptrates the general principles imvelved.
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he Shift instiruction way zlao ba used arithmetiocslly for since the
aomputer worka in binery the affeot of shifting & number one plate to the
lef$ is, of course, to maltiply it by 2.

For an illustration of +this use, supposs we have 5 in register 200 and

wo requirs 20 in register 300. Ths lnstruction is
3

R 200 | 300 2

Thus in repieter 200 wo buve 5, which in Dlnary ls 101. This number
ip shifted twoe plases left, =0 thet it Leocones 10100, 10100 ig the binaxy
equivalent of 20, so we have 1n effect maltipllad 5 by 4 te glve 20, which
repult le ploosd in regighar 300. The sontants of reglzter 200 romain nt
5 b poy previems oontents of regleier 300 wre replaced by the valus 20,

Loy punber of places way bo epecificd with thils inatruotion (or
instTuction 3) from 36 (wﬁjeh hea the effect of olearing the destination
reglater) down to O whleh hap the effeot of o simple transfer from regleter
ot fo "hY.,

Sbift Rizat - Manction 3

Tole furatlen operates in exantly the mame way as funstien 2, axoeptd
that the shilis are made to the right, thus dividing by 2 for esch placs
sbhifted. Vharean In dnstructicen 2 however, Beros were introducsd from the
mleht, in the proasent losbructlicn the new places must proveed from the lefb.
If the D35 digit 1n the scurcs registar iz n mare, then the diglts introe-
duced wlll be merve bui if the 035 ie a ong thenm, it will be remewbared,
this dndicaies & negative numbar, apd in order deo preserve this sign valua,
$he oomputer will awtomstleslly provide for further onee to he intreducad.

Iy dllopgtrating $ho oollots fumebion 4% wes abhown how the contonta of
DA to DLT asuld ba tvansferred from a packed vegieter into reglster 10,
To gt ihe trus arithmotie esuivalent in register 10, howewar, we should
raguire the numbers dn the positione DO upwerds. Thig we would do by shlft~-
ing the sontontn of regiloter 10 B plases right into the same reglstor, thus:

3 10 1 10 a

FMapotlon 3 1o alao uged arlthmetically. Por instances, if we have 32
in regioter 400 and wo want 4 in regieber 401 we writel

3 400 {do1 | 3
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The 3 place right shift has the effect of dividing by eight sc that
the previoue contente of register {0 are replaced by 4. The 32 remalns
in register 400.

Double~length ghift left - Punetion 4

Tt will be remembared that for the multiplication and division functions
it ia requlred to use ragistar# B and 9 sz one single register of double—
length 1.2, 72 blts. In order tc fasilitate worling with double=length
numbara, two ahift funoctions have bean provided which cperate on any iwo
consacutive Teglsters as though they were & aingle register of double=
lenghh. in using these doubls—length functions ths addrams %o be given im
alwsys the lower mumber of the two registers concernsd, and this is the registerx
whiah contains the more significant half of the double-length number. The
double-length shifi operatea 1n exdctly the same way ag a elngle longth shif4,
with the same maziwum shift of 36 places.

To shift the contsnts of registera 500 and 501 16 places left into
regipters 551 and 552 we woull write:

| 4 500 t551 | 18 |

I+ should bs noted that there is mo deuble-lsngth iransfer function,
Such & transfar mey, howsver, Da effecied by using a double-length shift
4natruction spsoifying zevo as the mumber of placea %o Dbe sghifted.

Double—leneth Bhift Right ~ Munciion 5

Thie function operates in exactly the same way ae the previcus cnes
exceyt thet the shifts are made $o the right instead of the lafi.- The
value of D35 in the lower nmumbsrad register will determine whether ones oT

zaraa are introduced from the left.

The imstruction for shifting the contents of registers 551 and 552
& places right imtoe registers 580 apd 561 would be wrlitten:—

TRE [551| 560 | 8

Bhift Punctions 2, 3, 4§ amd 5

The number of shifts performed 1s normally as apecified im the imn-
atruction tms, if the speoification excssde 39 but la less then 64, then 39
ghifte will Ws pexformed. I the specification ile greater then or squal to
64, then the effest will be that of epecifying the difference betwsen the
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greateat multisle of 6] lees Hhan the murber srecifisd and the number

_spaeifled, e.g.
Speaifying 195 = epecifying 3 (i.e. 195-192)
_ performs 3 ghiftag
Specifying 234 = apecifying 42 (i.e. 234-192)
performa 39 shifts.

3.9. Practions spd Hounding OFF

Woen we normally work in decimal fractions we ars, in effect, by using
additional desimal plsces, mltlplying cur number by 10 or 100 or 1000 to -
ingresse the scale of the numbar in ordar io get a more pignificant result.
We vut the deeimal point sp as to indicate how many times .our number bas been
multiplied by 10. When working on the computsr we may slmllarly chtaln a
more significent result by inereusing the seale of the original nurber upon
which we want to work. We capnot of course use & decimal peint notation, but
we can st111 multiply by 10 or 100 apd so om, so long as we remsmbel tha
extent to which we have mepnifisd cur oumbers. Alternatively, slrce we are
working in binary aritimetic on the computer we can insrease our original
mumbers by blnary multiples instead of by decimal mulkiples to obtain the
degres of accurscy necesdary. The latier method has the disadvantage  that
the Topulis cannot be pripted owt in the conventional decimsl forwm, but on
the obher hend it has the advantags that in the pachine each maliiplicatlion
or division by = Dipory wuliiple of 2 eun be effected by a shift cperation,
and the position of a mumber in a regieter will indionte the pumber of powers

of 2 4o which it has been rolsed.

Az an emplle of working in tinary fracticone, let us conslder the pro-—
coss oFf rounding off an answer to ihe neerest wkhele nurber. IF we refer again
ta the exewple iz Parsgraph 3.6 whare we divide 100 by 3, it will De remsmberad
+hat the snower ohisined ip register 102 was 33, while a remainger of 1 was left
in regigter 9. Similarly 100 divided by & would glve 16 In resisier 102 with
a Temainder of 4 ip register §, Sometimes it may be pozsible to ignors the
remainder, but on the other hand 1% way be required to kmow the quotieant to
the nagrest whole rumbar. 100 divided by & for instance iz - to the nearcat
whole muher = 17 rather than 16. How o round up o the nesrest whole number
we only Teguire bto know whether the vemainder is more or less then 4 of the
divigor, so 1o chtaln the necessary degrse of accurecy it is gufficient to work
in helves i.e. to ome binary pisces. To sxpress 100 in halves we wultiply it
by 2 or — whaal is equivalent ~ ghift it one plzce to the left. W¥e then bave

200 which we divide sey by 6, givlpg an aneswer of 33 = im balves. 9inecs 33 contalns

an odd half; we add 1 to mhke 34 and thew divide by 2 to brding the result back
‘4o whole mugbars l.e, 17. Had the resuit in balves boen 32, vather than 33,
16 TL.1063/3



then we could etill have added tihe half to meke it 33, eimes on dividing by
two tha resnlt would silll be 16, The rule for rounding off is therefores
ghift one plaeca laft et the baginning of the operation, add ome fo the resuld,
end then shift back oms plece to the right. Let us now follow the procedurs

through in blmery. 100 in binary is 1100100, so when we shift thia one place
left it beoomes 11001000, Then when we divide by 6, imstsad of geliing 10000
{156} wa get 100001 (33). The final place iz tha rounding off diglt snd mince
1t ie & Tope! it indicetes that the fractiomal part of the quotient is greater
than cone half. If 1% were 'zero' the frectionsl part would be lsas than one
kelf. Sc in either case we now add one in the final placa, Adding one to
100001 we get 100010. Then we reverse the effect of the originsl left shift
by shifiing one o the right and we get 10001. Thie is the binary for 17. Had
the rounding off digit heen gere i.e. had the mumber been 10000C the one sdded
to the final place would give 100001 whioh, shified ons place Tight gives
10000 1.6. 16.

It ghould be remembered thst a left shift of one place ip egquivslent %o
& mltiplication by 2, so 1t may be poseible to avold the preliminary left
shift by dividing by only half of the trus divisor. Thus to divide 100 by &
we in Pact divide 100 by 3 only, which gives us 100001 (binary for 33) and
then 5dd one and shift right as before. Assuming thet we have 100 in registers
€ and 9 and 1 in regleter 101, the inastruotions for the division would bar

| ]
0 _(10j 101 ! 102 Mwide 100 by 3
1 71 & 13 102 | Add 1 to Beg.102
2 31 1 102] 1aoz| 1 Seift Reg.102 right 1
T i &
3 l L
| | do B
1 | ;

The angwer 1T then appears in register 102,

1t has besn mald that if we Hqﬁiﬂ u.n ansawer whish ia eipnificent te a
muwber of decimail places we multiply it by the appropriste meliiple of 10,
Suppoge, for ipsbance, we wieh to multiply 9.53 by 7.64. This iz equivalent $o

% 1% |

‘Wa therefore aimply multiply 953 by Tédor (i.e. we have multiplisd sech mmber

Wy 100). To gel an anewer to tws places of decimale we would them divide by
100, but fo get the final digii correet we would also aprly the rounding off
procedurs already srplained, s¢ we should divide by 50, edd one and then shift
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ome right, So we get 953 3 764
50

and we ¥mow that tlis answer, o fwo decimel placss is T2.01.

If ma requlired an snswer soriect o the nearzet whols munber owly, we
would divide by 10,000 rather than by 100. If only a whols number result ls
regquired an alternativa method could e adopted of multiplying the eriginal
9.53 and T.64 pot by 100 tut by 128 1.8, 2'. We should then multiply 1220
Ty 978 and we would net have to uze tha divide furetion bt instesnd we would
affeat a division by ?‘M by shifting 14 pleses te the right - whioh 1a m
guicker opsratlion.

The program Tor the firet methed, ssoumlng that we have 953 in regleter
100, 764 in reglsier 101, apd 50 ip regiater 102, woudd bei-

ol ol caeol el | || wrawme
10 | o2 4103 || _mvide w50
efrf tul tae _had 1
BES IEY IR IR | ey rtane 1

¢ ! !

Lot us mpoums pow that we have the asme comstsnts, 953 in reglster 100,
Téd in regloter 101 and 50 in register 102, and we wani to fi:i.".ri:ia. 9.53 by Tabde
Mo obtain an answer te kno decimal placcas we wust muliiply 553 by 100, and to
gpply the rounding off procsedure to the last dlgii we require alse do multiply
by ¢wo. We can ashieve the sams resuld by mltlplying by 50 end them mud tiplying
by 4 by skhifiing two mlaces left. So we writa:

H I
ol 9] 1o 02| f | Mwlbinly 9537050,
otz Loladoposloa o f | enies left 2 places
2010 5., 200 _.._:_:1.':13_.1._____.___.__.i__._!_umhrm__ x. 764
I S T A A _i‘ 11 103 foon| —iild I
g5 3 i { 103 { w3l 4 ! | Bhift vight 1 plaes
2 R R |
st 1 b ]
Haimen O — S | N

Thara ara, of esurss, other posasible methods of rounding-ofT and
working im frectlops. Thae wmadln points to be bowvme in mind oowever, are that
any required mumber of slagnificant Piguves may be reltalnsd by appropriste
muitiplicaticn apd shifts, aud that B blumary meber may be rovnded up at any
point W considering whether the next lowest place im "oue® oz "marat,
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1,10, Test Funetions

Comniderstion of the test funetions involves a new end imporéanty
principla, thet of a logloal choice by $he machina between two alternatives.

17 the machine ie to be sempletely sonfrolled by program it is necessary that
it be able to wake these “decislons" .ami follow the sgurese of action appro—
primte to the date presemtsd. The way in which the computer varies ite eourse
bf action is by effecting s "jimp™ in the sequence of program instrustione.

It bee besn stated previously that the computer resds and carries out
instructions earially in the order in which they are siored, wunless it le
inatructed to do obthsrwlse. Witk & test instruction a regleter ie inspectad
to pee whether 1% fulfills certain conditions, end if it does not then the
usual perial order i continusd. If, howsver, the condifioma zre Fulfilled,
then the computer is instructed 4o "jump" and stert carrying out Anatructlions

from soma specified new losatlon in the store. In eagh of the test instructions

the 's' address is used o specify the regiater to be teated, snd in the 'b°
address is written the mumber of the imetruction to which a jump is to be made
4f the tesl succeeds, T+ has been mentioned that the instructions on o coding
sheat are perislly humhered., gnd the way in vhiloh the instruction serial numbers
ere Tefersnced to remlsters within the machipe will be explained latsr (mee
Sastien 5). In the following examples however ¥ebmolute" addrenses are used.
That is, the instruction numbers represent the motusl register numbers in

which the instructlions will be held.

The tesl funstions are ss followsi~

Punctien 11 — Test fevo

Fametion 12 —~ Tast non-porTo

Function 13 — Test Positlve (i.s. tast D35 18 mero)
Funotion 14 = Test Negative (f.e. teet D35 ip ono).

Each of lhe zbove four test funetlons cperatea in the ssme way; the omly
differensa being in the comditione required to be fulfilled by the contemtas of
the register testad. These functions mey beet be dexplained by TrogrEning &
exsmple. Let us tske a precdicsl case where & man ie paid on plece-work rates
at 1/~ por article, but with a guaranteed minimus wage of 40/- per day. Assume
that we have 4D in reglster 100 and in regiater 101 the mmber of sriiclies
yeoduesd in & dny. We roguire to put the day's pay in shillings in reglster
102, Je e DMest appropeh we pight weltar-
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50| 8] | 1o0f t1m
s 14 | : 55 _
52 EIRE!
53 101 ] | 102
s | 1] ¢ o] I 36
s1—s | 551 1| 'aso| 1162
4> | 56 ! )

Wa have to put in register 102 the greater of the contenta of registers

100 {which we mey call 'a') and 101 (which we may call h'}, Bo first we
aubtract ‘5! from 'b' (inetruotion 50}, Then we test whebher register 101 is
nagative. Reglster 101 now contalos b - 4, and 1f this is negative then & 8
grester then b end we wlsh Lo transfer 2 o register 102, If, on the other
hand, b is greater than a, then regiater 101 will be pomitive and we wish to
trensfer b to register 102, In this latter osse the teat in imstruction 51
will fail and the computer will procesd o the next instruction in ssquence.
8o in ipatruction 52 we add 5 back o register 101, so that it azain contalns
» end then in instruction 53 we transfer b to reglster 102, If bowever, the
tent in instructicm 51 zucceeds, thes inmstruction directs the machine to jump

o instruction 55 and here we wolite & transfer from register 100 (which contains

a) to reglster 102. Thus the appropriste transfer is made to reglater 102
accordlng to whether g ov k ls the larger.

Instructicn 5S4 is alac a test inetreotion of & Bpeaial kind, lknown ae ab
"ungondi tlopgl transfer of coctrol®. (lewrly if the muchine carries ocut
instréction B3 we do not want 4% then to carry on and alpo periorm instructlion
5. %o regulrs to mske it junr round instruetion 5% to instructlion 56 vhere
thae mext part of +he program will corinsncs. There is no queaticn of & chelca
bowe, When inglbrvetion 53 has been parformed we wmt, in evary oass, %o jump
to inetruction B6. 8o as ianstroction 54 wa write a pero besi, directing tha
machine to jump to ivstruction 56 if reploter O is zorc. Wo kuow howavar,
that regleter 0 is a oconsiant source, mud iz always serc. JIn effect, there-
fera, tha junp is wnoondlticnal. '

This sequence could be programned more neably whthout the wge of the
wneotdi bional Junp, as foliowss-
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s | 8] 11001 ji0

1
51 13 i 101 ¢ B3
1 L]

52 1 {0 101
3 | 1 !1un 101
a3 | 101 i 102

Here we deduct a from b end then teat b — g positive. If it is poelitive
thez b ip graster then g and the computer jumpe to imetruction 53 which adds
a to regieter 101 to give b which ie then transforrod to reglster 102. I,
however, a is greater than b the test falls and the computer procesds to
instruetion 52 which clesre register 101. The computer then gees on o
ipstruction 53 which sdde & to regleter 101, pow meking iie contents &,
which is then transferred te register 102, This clearly, is the betier method
which should be sdopted in practioe.

Count Test = Funotion 29

The count test is & specialiped function which combines the functiona
of subtracting snd testipg for non-zmerc. The non-zere teet is applied to
register 7, which must tharefore mlwaye be used with the goant teat funetiom
and need not be wpeoified in the instruction. The effsct of thia function is
to subtrmct the contents of a specified regieter from register 7 and then te
teat regleter 7 non-gero. The reglster te be subiracted ias ppacified im the
"gh pidrapa, snd in the MM address ds written the register to which a Jump
4g to be mmide if the test sucessds i.6. i the subtraction does net reduca
vegister 7 te 2ewrc. After the operstion the combenta of reglater 7 remein
reduced by the smount swbirssted. The uee of the count tept funodion da
explained im Ssetlion 6.
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3.1, Additiopal Functions

Tunctliosn 28 ~ Sterling Dutiut Conversicn with Spaces

1.

2.

3.

4.

B

22

Until now, the available imstmotion for the output of in-
formation with & sterling conversion fag required that spaces g
tween the pounds mnd shillings columns, ané the ahillinge and pence
polumns, should he vrodused by sppropriate wlring of an B.C.U.
gteriing output to the paper tape punch has required progranmed

conrergion to provida ithe apoces.

b pew famollity is now availabla by the inclusion of smother
order — function 28 - im the instructicn code. This function en-—
shles = sterling oulpui conversion s he produced with these sgpaces

inoluded.

#hen coding, function 28 may be regarded as similer te functlon
23, but with the differemes that the automaticelly inserted spaces
pmet be inoludsd in the nuwber of charscteras specified fo be ment out.
Since +hs marizum number of characters remalna a% 12, the largeat
gtorling amount which can be dealt with is £9,999,93% 1 19. 11d.
{With funotion 23, %ha limit is £143,1€5,576 : 10 : Td,, determined
by the capaciiy of @ 36-bit word). Should the binary smount exceed
thi= value the most significent shoracters will be lost.

Tus ta the introduction of function 28 and 4he fact that
cortain migroroutines are common %o Output Deelwal und Oubput
Steriing the following tiwes now superseds those already published.

Tonotiom 22 -~ CUTHNP TECTMAL - 2,090 mlaroseconds
2% - OUTFEIT STERLING - 3,20 o
28 - QUTFIT SPACED BTRRLIHG - 3,720 e

Thiz Panction may be nzed for either Line-Printer or Faper
Peps cutpub, tut 1t should be ooted that, sipncs no corresponding
Input Sraced Sterling convexsion exilsts, Paper Tape prevared uging
funetien 28 may not be read ze Imput to the camﬁuiar uzing.Starling.
Tnput comversion, tu% instead will regquire s short routine {of about

saven instiuoctions) to convert it.

The funchion will net spply on any maching using Fterling
halfpenny conversion.
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Funotion 29 — Set Link and Jump Instruction

Thig ingtruction stores the muber given in its own A sddress in the
B address position of register 7, and then jumps unconditionally to the
lovation epecified in the B address. Thus for example the instruction

29 § 50 325

cauges '50' (NB. not the contents of register 50} to be met up in regimter
7 in the D18 position, and transfars control to the instruction in register

325-

The instruciion bas thres prineipal uses.

1. My epnbar o subroutine from several pointa. ln a program, leav=
ing in register T an jndication of where to re-sniesr the main

PrOSTED.
24 Mo ast a congtant in register Ts 8.8
; i
29 I 25} B 1 1
| .
. | 1 :
15
pata 25 x 2 in register T.
3. is a auick unconditionsl transfer of control.
Times: 110 microsecs.
TaB. _ Mwe Forther pointe sbould be noted in thie commection t—
1s 7aro in the 's’ address will have the effect of clearing
regigter T.
2 Negative nuwbers may not he gst in register 7 ueing thim

function.

Punction 30 — Hegetive Sum

Thip instruotion caloulates the sum of & group of gequential regzlsters,
and vlaces the complsment of thiz eum in a cpacified addresas.

The mumber of registers involved is gpecified 1n the 'OL° address.
The firsi register ip apecified in the 'a! sddregs and the complement ia
Tlaced in the register specified in the 'b? address.

Up to 39 registers may be apeoified. if, in fact, po registers are
apscifisd the effect is that one will be taken (i.e. the seme effect applies
if the C1 address contains "0 or '1').
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Tals function is primerily intended for ues in connection with check
totalling on Magnetic Tape.

8:8. To form & negative check totsl in reglater Al6 for registers
Al = 415 inelusive wa would write:
30 . A1 . A6 . 15 . 0 L, O

and to chesk the "input' block in registers Wl ~ W16 inclumive
the instruction would he

W .M. M7 . 16 . 0 . G
Iz . W17 . R . 0 . 0 . 0 - Error

Other uses can be found sazily for this funetlon, e.g. hoccumalate
Reglateras BO — B25 incluaive in 373, could he stated as

3 . BO . BT} . 26 . 0 ., O
30 . B73I . B{3 . 1 . 0 . O

(It will be noted that the last instruction shown, in fact, merely
complements the contenta of B73).

The timing of this function depsnds on the number of reglaters
spagified and may be shown es follows:

t m 130+ 30n  pSecs (1 £ n £ 39) or
o= 160 HSec (n = 0)

Alloontion of Instrxustion Diglts

Manetion O - Halt

Ceape operation and awalt mamual reatart.

This function can be wade conditicnal. If D18 ie ZERO the stoppags
im absolute. If D18 is ONE ths machine will halt only if there ism a ONE in
‘any of DB = D17 and the corresponding switeh of = get of ten awitches on the
monlter desk ia slao sst to ONE.

Digits 28 and 29 are uwed to conbrol an alarm signal. A DEB switchea
the alarm on and o D29 swltchess 1t off. ‘ :

Funotion 1 — Regisher ~ Register Transfer

Baplace the contents of register b by thoss of register s, leaving
regiater a unchanged.
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Ponotion 2 - Shift Left

Take the contents of regieter a, ahift them laft by the number of
places specifisd in o, and repleoe the contents of register b with this
reault, leaving register a unchangsd. '

Function 3 - Shift Blght

Talee the contentp of register a, sbift them right by the munber of
places specified in ¢, and replace the coptents of regigter b with this
result, leaving reglieter a uncbanged. JAcoording az the most slgaifisant
diglt of the contenta of register a im EERD or (ME, the new digiéts broughd
in at the more significapt end by shif4ing are zeros or onea.

Function 4 - Double-length Shifi Left

Tace the contsnts of regimiers a and B + 1, shift them left ae one
unit, with a the mors mignificant half, by ths muwber of places specified in
¢, and retlace the contents of regloters b and b + 1 with this reeult,
leaving reglsters a and a + 1 unchanged. '

Funotion § — Doubie-lengzih Shift Hisht
Toke the sontentz of registers a and 8 4+ 1, shift them right a2s one

unit, wilth a the vore slgnifisant half, by the munber of placee specifled
in ¢, erd replace the contents of registers b and b + 1 with thia resuld,

leaving registers s and & % 1 unchanged. Leoording ap the most pignifiocant
digit of regigtar o is ZEBR0 or OFE, the new diglis brought in aft the mora
plgnificant end by ahifbing ars meros ar anos.

Popchicn 6 ~ Uellats

Replace the somfents of regieter 10 Ly a number having (IE in sach
rlace in which the contents of regiotors & and b both have OBE. The
sontenta of a and b wemain unchanged efter thia operation.

Function 7 — Add

244 tre contenis of Togiager a o ae contants of reglatar E, placing
the pum ln register b,  The contewis of reglstor s vemain upohanged after
+his sparaticn. ' '

Fl.mqtiun b = Sublyact

Subtract the contents of registar a from the conteats of register b,
plecing the differspce in regiesber b, the contents of regleier & remalnming
vnchanged.
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 Punction 9 - Yultiply

Maltiply the contents of reglpter a by the contents of register b and
place the product in regleters 8 and 9 (the less significant part in register

9}. The contents of registers a and b eve unchanged after this operation.

" Functicon 10 - Divide

Divids the double-length pumbsr contained in reglsters 8 end 9 and
having its mors sigmificant half in register B by the contente of reglster
a, plaging the quotient in regigter b and leaving the ramginder o register
9. The quetlent is positdive or pegative dependsnt uron whethsr the sime
of dividend apd divizor sre the same or different; the romainder is always
positive. The combents of register & are unchanged after the operstion.

FPupotion 11 = Tagt Fara

If the conbenta of register a ars mere procoed to the instruction in

Iﬂsiﬁtar'ﬁj if not, continue witk the next instruction in sequenca.

Punction 12 - Test Won-Zero

If the contents of register a are nom=zero procead to the instructlon
in regleter b1 17 not, continue with the nexi instructlen in ssquence.

Punction 13 = Test Yositive

If the contente of register g are pesitive or mzere, (i.s. if D135 ie
4EROY, procsed to the instroction in vagister by Aif not, conbirme with the
next instruction in cequenca.

Munetion 14 ~ Test Negatiwe

ir registerig_cﬁntains = negatlre muaber, (i.e. if ©35 is OME), pro-
caed to ths inetTushion in regisﬁer'yj if not, continue with the next

Inptructios in sequence.

Munetion 1% — Tranafar From Dy

Trapafar from the drum the muobar of d-word blocks specifisd In
D32-D3%. Dot more tham 15 blocks (i.s. ome trmck) way be transferzeds
mexo io D32 - 35 indicates a lé-block fransfer. Only ome ireck can be
read in ope instmuction, f.e. inforpeilon on twe differsnt tracke {hut
having consecutive block mumbers) resnires two instructions to transfar.
Thea first Dlock of the transfer is specified im D18 « 31, and the . firat
deatlnation regislsr in 83 the transfer proceeds sequantially watil +he
reguirsd mumber of blogke have besn trangforrsd.
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Function 16 — Transfer to Drum

Pranefer to the drum the number {up %o 16 es shove) of 4~word blocks
gpecified in D32 - 35. The first source reglster is specified in a, and

- 4he firgt destination block in DIB « 31y ths transfer proceeds sequeantially

wntil the required nusher of blooks have been transferred,

Function 17 = Irput Block Transler

Prenafer the contonts of the btuffer of the imput unlt specifled in
D32 - 35 to 16 conseoutive Tegisters, starting at reglster &

Punoticn 18 — Output Block Trapefer

Trangfar to the tuffer of the output unit specified im D32 - 35 the
sontents of 16 conpeoutive reglaters, starting at register a.

Tunotion 19 — Oonvert Lecimal Input

{2) Punched card or magnetic taps input

Teke fyom the buffer of the perlpheral unit specified in D32 = 35 the
punher of charactera specified in D28 - 31. Convert thess characters from
decimal (most signiflcant digit first) to a binary nasber, and place the
result in reglster n. Characiers are taken seguantially from the 'huff\_ar.

S undt of imput Information may be lems than a complate half=tuffarful
{i.e. 94 characters). A ONE in D18 position i= used to indicate that after
the convergion ppecified dn the lngtruection the next informatlon unli is

required.

(%) Punched tape ipzat

Talks frow the buffer of the taps reader epecified in D32 ~ 35 ths
pext mumber, 1.e. ths cheracbers up to the next "end af mumbex" =ign, con-
vert it from decimal to o bimary mumbar opd place the result in register a.

Funciion 20 - Copveri Sterling Input

fa) Punched ¢srd or magnotic lspe lnpui

Talks From the bufter of the perizherel wnii spesified in D32 - 35 the
pumber of choraciers specifled in D26 « 3i. Convert from sberling %o binary
pence aond place the result in regimber a.

{3) Punched tape input

oke frem the buffor of the Taps reader apecified im D32 - 35 the
wext nuber, i.e. the charseterz up to the next "end of number! sywbol, con-
vert it from sterling o binary pencs and plece the result in reglater a.
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Funciion 21 = Alpnanumeric Inzut

{(a) Punched card or magneiic tape input

Talce Prom the buffer of the peripheral unit specifisd in D32 - 35
the rumber of characters (not more than twelve) specified in D28 - 31, and

gtack in reglsters a end & + 1 in six-blt coded form. The least significant

{or right hand) character appears in the less significant end of register
& + 1. Urmsed character positions ars fllled with tke code symbol for 'no
character' (100000).

(b} Punched taps input

Teke from the buffer of the tape rsader spegifled in D32 - 35 the
charscters up to the next 'end of nmumber' sign and sisck them in reglaters
a and 8 + 1 in six-bli coded form. The least significant (or right hend)
charscter appears in the less significant end of register s + 1. Unuged
charectar positions are filled with the mywbel for 'no charseter’ (100000).

Punction 22 - Convert Decimal Cutput

Talke the contents of register & and convert them to a dacimal number.
Transfsr to the buffer of the cutput unit specified in D32 - 35 the mumber
£ depimal diglte erecified in D28 ~ 31, these dipglis being counted from
the lese significant end of the converted number. Not mory than 12 diglts
oy be gpecified.

Functicn 23 = Cenvert Sterling Outpod

Take the wontents of reglater a and, Tegarding them as binary penceo,
convert to a aterling ruwbar. Transfer to the buffer of the outpui unit
ppesified in D32 - 35 the number of sterling digits specified in D28 - 31,
these digits being counted from the less significant end of the converted
mamber. Wot more than 12 digits may be specified.

Funetion 24 - Alphanumeric Qutpuh

Transfer frem regismters a snd a + 1 to the buffer of the ocutput unit
defined by D32 ~ 35 a narber (up to twelve) of =lrhebstic charaoters; ths
nambers being defined by 028 — 31 end counted from the leasa significant ond
off reglater a + 1.
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Functdon 25 ~ Count Teat

Subtract from reglster T the contents of register 8. If the contents
of regimter 7 are reduced o sere by ihis operation, continue with the next
ingtruction ln eequencej if register 7 is non-zero, proceed to the in-
struotion in reglotsr b |

Funetion 26 - Daubla-length Add

£d the ebntenta of reglatars 2 and a4+ 1, taken am ons nomber with
B the more significent half, to the contents of regiater b and b + 1
slmilarly regarded, Place the sum in registers Land b + 1, leaving a and
2 + 1 vnchanged.

Funetion 27 - Doublc-length Subtract

Bubtrect the contents of regligters & and a + 1, taken as one number
with u the more significamt half, 4o the contents of roglaters b and b+ 1
almilarly regarded. Place the difference in registers b and b + 1 leaving
the contente of registers s and a + 1 unchanged.

Funotion 28 - ﬂug._iert Sterling Output with Speces

Take <he contents of reglster & and, rogarding them as a binary
nuher of pence, convert to s sterling wwber, Insert 'apace® characters
beiwsen pounds and shillings and between ghillings and pence. Put out the
mumbsT of characters (up to 12) specifisd im D25 - 11 to the chanpal given
in D32 - 35; the numbar of charscters includes the spaos and iz counted
from the less significant end of the comverted number.

Function 29 = Set Link and Chenge Saquence Instruction

Transfer the ten binary digits of the 2 address to the b addreas of
regigter 7.  Proceed to the imatructieon in register b.

Funotion 10 - Negative Sum

Gommenclng with regleter a, accumulate the number of sequential
regletors apaoified in [ FPlsoce the complement of ths acourulstion in
register b.
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