SECTION 6 — PROGRAM TECHNIQUES AND

KCHIFLCATION BYSTEM

6.1. Repetitive Beguences and Counting

One of the advantages of IMIDEC is its ability to perform & large
number of simple repetitive cpsrations im a very short tims. If, however,
anch eperation hed o be specified by a separate written instruetion, then
the numbsr of imstrustions in & yrogrem would very scon beocme ummansgeable.
The aim in writing & program is rather to set out & pattern of inetructionsa
in such m way that particular groups of inmtructions - lmomn ns "gequencea" -
mey be uged repesatedly, as required to deal with the data presented to the
me.ching.

It ras been desovetrated now the computer may be made fo "Jjump"; by
mesus of a test instruction, so that the next imstruction performed is not
the one which Follows merially in the pregram, tut one apecified by the test
ipgtruction, So far howover wa bave copsidered only a forward junp, i.e.
to mn instructicn which esppeers later ir the program. We can however, egually
well direoct the maohine to wake a backward jump o a previous imstruction,
apd tnie bechrique can be used so that the mashine rsfurss to corry out a

partisylor ivatruction or sequencs of Inetructions as wany times as we wiegh.

4 repetitlve peguenca thus takes the forw of & group of instruetions followed

ty & test instrustion directing the computer teo return to the first instrue-
tlon of the group. Such & sequence le also referred to as 2 "loop”. The
gompuber will contirue to operate repetitively in euch a loop until the test
in the ologing test imstruction fails, when the next part of the program in

geries will be entered.

To demonstrate the procedure, let us take aw sxampla. Suppose we hawve

a number 'x' in register 20, and we went to csleulats the value of =ay 110-

Thig salowlation involves repetitive muldiiplication by x. We fhersfore writos—

) 1 b0 ) (lear Hagister 8

1 1 11 g I Put 1 in Hegipter 9
o o -] r 9 ¥ultinly Rew.2 by X
3 !

4 :

ifier these three instructions have been carried out we have x in
register 9. Now we requirs to ropest instroction 2 go that x (in. Reg.9) is
amltiplied by x (in Peg.20) to give ::2 in veglater 9, them %o repest agoin
o giva x3 in register 2 and sc tn. Jow to return to instruction 2 we could
use an Mubnconditionsl tremefer" i.e. 11 0 e it clearly alooe
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reglater O ta alwsys zerc the "loop' then formed by inetruetions 2 and 3 would
be continued by the machine imdefinitely, Provisjon wust always be made for
the computer o prodeed out of the loop, amd the way in which thie is done
mist depend on ths oireumetances of esch case. For the present example we

nete that we wish to perform imstruetion 2 ten times and then to procsed out
of the loop. This intreduces encther common cemputar. technique, that of
counting. Whet we reguire lm ito count from one to ten by unli eteps,
performing a multipllication at sach step, and then procseding out of the
loop when we hove roached fen.

This we cen da, as follows.

ol 1. | ©o, : 8 I01ear Register 8

1 1 P11 |9 Put 1 in Regleter 9

2 1 | : o | ; T Clear Begister 7

3 7, i 11 7 | |Add 1 to Reglster 7

4 9 120 {9 WMiltiply Reg.20 by Reg.9

5 g lr! 10| {7 Jubtract 10 from Reg.T

& | 11 TR, S Teat Regiater T sero

T 7R 10 " If Hag.7 nog-mari add

g 1] * olr! 3 Return to Inatruction 3
\ H Pro Tog

4 » | abave

10 | 90 ' i 14 0

Thie proeedura is fairly straightforward o follow. The locp ia
contained in instructions 3 %o B. COne is added each time through, to
regleter 7, and each time through, this register is tested to see whether it
has reached 1C. The test, however, is clumey since it involves addlng back
10 emch time after tha test has besn performed. The programming can be
aimplified by counting downwarde from 10 to zero, thust

o] 1}, + 0f ;8 | (clear Reglster B
1 1 i 11 '} g Pat 1 in Register 9-
2| 1 [y 1) |7 Put 10 in Bogister T
3| 9 1 20 '3 Maltiply Reg.20 by Reg.9
al 8| 1] 17 ubtract 1 from Reg.]
s 1Ry s i B A il
é ! ! Procsesd if Reg.7 sers
7 | 90 E \ 1] 0
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Here 10 {8 first put inte reglater 7, and then each time & muliipli-
cetion ig effected ons is deducted from register T, uniil ita contente are
reduced o gero, when she program prooeeds out of $he loop.

To effect & further saving in instructions in counting routines FMIDEC

ip provided with a special count-tast fumeticn (Function 25) whinkh combines

the cperstionm of subtracting from B cownter reglster and teeting that

reglater for nor-garo.

The count-test funetien cperates enly on regluier T 2o that io uee the
function it ie necessary t0 ues vegilater T == thas counter ragistar.

In the lest sequence, instructions £ and 5 could be repleced hy a
gingle count—test inetruction,; thusi-

25 | 11 | B3

Here the sddress of the register to be subiracted from register 7 ie
written in the 's!' addreszs and in the 'b' sddress is written the mmber of
the ingtruction to which a Jump is %o be mede if the test succeeds.

By starting our ocunter off at 10 and subtracting one at each operaiion
of the loop we heve been able to use the count test. In scms cases 1t may
be necemsary te count upwards. It is howsver, still poseitle o use the

oount teat by first putﬁing o negative valus in the modifying registet.

o 11} 0o |+ g Clsar Reg.d

1 1 ' 11 g Put 1 in Reg.9

2 [ 1 |rR: 7 g Put -20 in

3 3 L 20 .9 Wultiply Reg.9 by X
4 |25 |[R' 8 BRI 3 Syubtract —1.Test Reg.]
5 ' { | Procesad

) . ' X y

7 |90 | K I

& S0 "ﬂ_L‘ﬂ 1 E - 11

By this method the counter is progressively inerecsed from -10 to
garo. The count for the number of %imes thit the loop has bosn parformed
can then be oaloulsted =t amy tims it is required by sdding the counter

regiater to 5 sonstent 10.
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6.2, Hodificat ion

In writing a progrem we may find that we wish to refer o a partioular
regieter whoss address cannot be speolfiad elther abeolutely or relatively,
aince the addresm dependa upon the data %o be resd by the program.

To illustrate the position, let ue take as a simple exsyple 8. casa
whare it is required to npia:ta balances of stook itama which are soded from
1 %o 100, the balances belng held, in etock cods mumber order, in reglaters
101 to 200. Detaills of receipis ere read in from punched tape, the informa=—
tlon for esch receipt comeisting of the item number and the guantity. These
details sre in random order on the tape. The posltion may be copsidered

dlagrametlcally, thuai- OORE STORE
[ !
tock Dalance Regisztern Working Hegietera

nﬂg.lﬂl T DAL e EEE‘ 2‘3 "'{L-.“I‘
102 21 "5} '
203 P
104 ¢ Bk 5
105 : v
ota.l _ W ':‘ ?
M A i
. '
»

L]
P
L] 1
- 1 i
[ Lo I'Lani T tem L tem [tem |L
ati. 160 |29 |25 | 54|17 [5412% |93 |6 |23 {96742l 4

¥ — J
Tape

It s elear that Por any one receipt the sddress of the atoock halanoe
to be updatad will depend entirely uponm the comtentm of ihe tape read in,
and that the add:ra.én mey be different for each receipt. We cswnot therefore
wrlte the address s a pervmanent part of the rograwme, What is required in
gueh sirounctanees is some mesns of writing a basio imstruction to affect
updeting, with a facility for alisring the imatrustiom iz the scurse of the
sotual operatien of the Job, so thet it affects whatever sddress is approp—
riate to the dato being used.

Soppose that the imstrustions for reading sach item from the paper tapd
plase the sode numbsr in regieter 20 and the recelpt quantity in reglster 21.
Now we require to sdd the receipt quantity in the regleier corresponding %o
the node number. Tha besic form of the add inetruction would ber—
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T J 21 100 + 1

Whers "i" ip the item coGe mumber which is required to be added to
100 to glve the destination address. Since imetructione ere held In reglsters

in binary form, it is poasible %o do arithmetic work on them, as if they
were numbers. The inatrustion T/21/100, would be stored in a register in

binary ami-

1{1jofoj1 |ojo 1jojrfoyf | (211

The '®* address hers coptalna the binary for 100, and we want to add it
to the binary equivalent of “i", the code number of the particuwlar ltem wlth
which we ere doaling. Wow "L" will be contained in regleter 20, and will
eppesr in the formt-

]m“l l : d Tils

Wa could therefors achieve our sim by shifting the contenmts of rTegister
20 eightecn places to the left, se that they are im the 'bf addreas positlon,
and then adding regletsr 20 to the instruction register, po that we get 100
+ 1 4n thy *b' sddress of that register. To progrem such a procedure we would

'riﬁﬂf—
R EFIEREYEL | Suif Rem.20 left 18
'E |20 2! 2 | 424 Reg.20 %o Inat.2
2 17 21 } 100 } i Add Reg.?2l to Eeg_.l{}ﬂ
1L

Waile, however, thie procedurs would work for the first item 1t could not

be repeated, because the contents of the '1' addrsse of Imstrustion 2 have

now been altered to soms wnknows valus. To make repetition possible it wowld
be necemssry to restore the original wslue of iustruction 2 hy subiracting
reginter 20. If this wers dons, & seguemce could be build up 2e followsi—

a | i Read item into Regs.20-21
1 2 | 20 ' 20 | 18 Spift Reg.20, 18 places left
2 | 7] lw |Ri 3 Add Reg.20 to instruction 3
3 7 T2 1105 S Add Heg.20 to Reg.lO0 +
4 - P 20 | & 1 3 ' Bubtrent Reg.20 from Inat.’
5 11 i O R : o0 Return ‘o rsad sncther
G i I item into Regs.
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Now in FATDEC, in order to improve upon the shove procedure where a
number 1s added to an lnstruction and then re-subtracted, a specisl

redification device has been built which ensbles an instruction to be amended

during operetion without effecting any alteration of the stored program.

In EMIDEZ, regloters 1 - 7 are designeted as moedification regleters
and the contents of fthe appropriate one of tlwae regieters are, in operation,
added to ths contents of an instruotion register which has been designated,
in writing the inestructlon, as being =ubject to modification, It kas hean
mentioned that the final column of a soding sheet ham beer provided to hold
8 modifier end it is in thie colump that the appropriste medification
registar is specified. In fact, register O, whioh is the source of mere
should alwo properly be considered az & modifiostion regieter, aince the
nnmputhf always carries out the modification progcedure and when the modifder
calumn ie left blank the machine sppliem & sero medifier whioh, of course,
leawves the instruction unaffented. Tt may logiecslly be said, therefora, that
there are elght modification registere from O - 7 |

Bevarting 4o our example, we would program the sequence uslng
modificetion, as fellows:-

0 2 1 20 i 18 Shift Heg.20 left 1B to Rag.}
L T ) 21 1100 3 | Add Reg.2]l to Heg,
e i1 i 0 R} Hetumn 1&%31!1.&}
a1 ;
4 H 1

Here instructionm O shifts the ocode mmber imto the 'b' addrsss inm
ragipter ), one of the oodifying registera. The basic add lostruotiom ie
then written se imetrueticn 1 with 3 in the modifier column. The effeot of
this is that, after the lnetructiion hapg been selected; the contentz of
reglater ) are added to it; 20 that 4hs code pumber iz added to the 'bt
eddress peciion which specifiss the locatiom helding the balance to he
updated, end the appropriate desiination ie therefore given for the adding

operaticn.

It showld be elsarly wmderstosd that the contente of the modifieation
register srs NOT added $o the modifisd regiater IN THE STORE. The computer
control centre reads an instruction from the store in order to perform it,
snd it iz only IW OPERATION, s% the point im the computer control when the
instruction has been Tesd from the siore, thet the contents of the modifying
regleter are added, The stored instructlos reomaine gquite uwmaffected.
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As another sxample suppose We have a liat of prices held in descending
order of megnituds from register 101 upwarde and we wigh to transfer them
into reglsters 201 upwards. We can sesme $hat in thie ceze the seguence will
end when we reach s reglster in the 100 eectlon whick contzina s sero valus.

In this sequence tha beeic ipstruction ie a transfer, tat we do nod
inow absolutely sither the 'a' address or the 'b' sddreea. We lmow, however,
thet they will commencs at 101 and 201 respectively, amd will increase by one
ﬁuuh tiwe the basic inmetruction is perforned. The prograwmed seguence would

he—
¢l 2 i ! "1 lotear Reg.1
1)1 0 B Clear Reg.?

5 —s| 2] 1 101 ! 2 Tranefer (Modified)

17 12 | 1 1 2dd 1 in s’ adlress to Reg. 1
41 17 |rR | 8 o idd 1 in 8’ & ediresoen to Reg, 2
5 13 llﬁl E 2 1 |Test 101 eto.non~gero.Procead
4 ! te nert sequenge,
[ ! j
8 | 1 o

Bere we are using.tw¢ wodifylng regietere 1 and 2. The tranefer
inatruction is modified by $he contants of Hegimter 2 so that the rumbers
of the mouros and destinstion of tranefer are esch progressively incressed
yr "one™. PReglster i is used to modify the nmop—sero test lnetruction so that
az tha transfers procesd the A pectlon registers are prngreﬂaiﬁaly Temtedy
and when ome of them is found to be gero the gequence ig ended. &8 the
Raquence praceeds the modifiers acuumwlase, but the teslic instructliops 2
and 5 remein unshanzed.

Buch a progressive inoreasge in the medifiers is used for all kinds
of repetiiive seguences. Suppose, for example, we bave len pumbsrs in
rogisbera 101 to 110 and we wigh $6 obbain toneir eum in register 200. Thia
cam bo dons by Tﬂpatitivﬂ adding snd to detsil the necessary onerations wea
would writei—
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ol 1| 1 oe] o ‘
1| T 1101 | 1200
2| 7| fwe]| lewo
R
417 1104 | oo | B
51 7 | 1108 | 200 .
6| 7 | 116| !200
EREE:; 107 | 200
8 | 7 1108 | | 200
9| 71 lis]| 'eoo
10| 71 1110 | 1200

Hers we have ten inetruotions basically similer, but varying st each
operatlion by a fixed mmount. If tha summation of meveral hundred registera
had to be written in this way the pregrameing would become very laborious,
The Basio instruction of the sequence is, however, to add intoc regietar 200
commencing from register 101.

All we require im Ffor the wachine to repsst this imstruetion, bui with
on smendment, each time, of the 'a' addrsce, 5o we modify it as followsi-

0] 1 LI N - N B Clesr Reg.f

11 I o ' 200 Lleax Reg.200
2 | 1 | 101 ' 200 6 | Add into Reg.?700 fladified by Reg.§)
3.7 ' 12 : 5 Add 1 in 'e' adiress to Wod.Reg.6
4111 P OJR ' 2| Jump 4o Instruction 2.

By thie procedurs the rsgister holding instruction 2 is never altered,
but the & in the final column directs the computer to add the contents of
regleter £ to the instruction after it bam besm rsad by the aontrol unit.
Rogintar € is cleared at the beginning of the program, so that the firet
tima imatruciion 2 1 performed a nil modifier will be spplied and the 'a'
addrass will be 101 as written. Thon howsver, = digit in the 'a’ address im
added, not to the imstruetion itaslf, but ta the modifier. The junp is then
made back to instruwction 2 spd this time, though the inetrueilom iteelrf
remalns wnchangsd it will in poarformancsa he aupplemented by the contentm of
the modlfying reglater & which now centaina 1 in the "a' address, so that
the register addresmed will be 102. The operation will then be repeated for
regisiers 103, 104 snd a0 om, the awount in the modifying register being
progressively incressed by one, while the Baaic instruciion remains unchanged.
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In ths sxample shown above register 101 ls added, then 102, then 103
and ao on. It may have besr noted, however, that the program as written

would sause the computer to go om indefinitely adding congecutive registers

into reglater EGG.: Te corract our ezmmple, wa require to add into register

200 ten times and then leave the sequence, This we may do by setting up a
gounter of 10 in say, regleter 50. '

0(1 |B, B, |5 Constant 10 in Beg.5

1 1 al’ 6 Glear Reg. 6.

2 1 N (v} !EDC! - | Clear Reg.200

3|7 1101 | 200 6 | 8dd to Reg.200 (Modified by Reg.6)
4 | 1 ; lz : 6 Add one to modifier

B 8 ! 11 150 Subtraet one from counter

& |12 I 50 (R :_ 3 Test counter

T1o0 : |

& |90 | \ 1 fo

In this a.e:;um_ca, anch time the basis add instruction is performed -
ons ia daducted from the counter In regimter 50 end it la tested for nop—
gero, Afber ten add operations therefors tha counter bscomes nil, the test
feils and the program prosesds out of the sequenca.

- It wiil be seen that, in the above saquencoes, for eack repetition

of the basio instruetion we had to add one to the medifisr and subiract one
from the covunter. At the end of the tem opsrations the modifier will have
becows 10 and the counter zevo. We can howsver, acoumilate the registers
in the reverse order, sﬁa.rting g8t regleter 110, by commencing with a
modifier of 10 snd reducing it progressively by ons, snd if we do thie we
oen save instrustions by using the some register beth for wodifying amd for
pounting:-

{ 1 R': 9 E 6 Conatent 10 in 'a' address in Reg.&
1 1 ' 1] E 200 ' Glesar Reg.200
2 |7 L 100] 1 200 6 ladq to Reg,?00
1 (8 | ']l 1@ Subtragt one from Rex.§
4 {12 glr! 2 Test Beg.§ Ret I
Hers regimter 6 i@ used both 5e modifier and counter. The firat basic

sdd instruction is psrfr:ri-mad on régleter 100 modified by 10 i.0. regleter 110,
then on register 109, then 108 and so on until reglater 6 is reduced to nil,

" when tha prograc procseds out of the sequence. I+ should be especially moted

thet as soon a8 register 6 beoomes Zerc the zeyuencs is finlshed and no
return is made to ithe bamie =dd imstruction. Therafore at the time whem the
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lapt edd instruction is ﬁorfarmed register 6 contains & one in the ‘&'
address. For this reason the ‘&' address in instructior 2 is written as

160 not 101, for the lasgt instruction performed will ha. on the basic address
plus the one remaining in the medifler, s¢ that register 101 is; in fact,
addressed. WNo cperation im performed on reglster 100 hecsuse a nil modifier

is pever applied in this aequanﬁa. which is finished 55 scon am the modifying
regligter reaches the valus ndl.

Such s asquence can ba espscially advantageous because the modifying
ragister is left clear awnd can therefore be used again at a subsequant
point in the program without needing olesring ss a apecial operation.

It has been seen that, by sterting at the highest registsr and counting
down, we oan oombine the modifying register with the ocowting registar. It
im however, slsc poseille to combine the wodifisr with the count even when
counting wpworda, by using the device of & negative number in the zounter

regiater.
0 1R : =) { 6 Constant -10 in 'a' address Reg.$
' .
1 1{ 1 0| 200 Clear Rag.200
A I > - §_|rad to Beg. 200
. { 3] 7 1| | & Add 1 to Reg.§
¥
N S O ) .| |Tast counter
5 0 1' P!
6 -0 !
; R

Thisz sete fechnigqus could alao be used with lhe counb—iest lunctlon 25
by enpleying regiater T inatead of regiater b as modifier and by progressively
subirecting in the count test instruction iltself = constant of -1, this

baing equivalemt to the progreesive addition of 1.

It has been shown that by modification the mugber of progran
inatructions can ba consideradly raduced, and this technique would in practios
e uped ip slmost 51l ecmsss of the type illustrated in the last example.

The pr&gramﬂer ghould wot howevar, ifoam sight of the fant that mﬁdifimatinn
ig primarily a devics for reducing the lahour of program writing, Tt that it
does not reduce the mmount of work ~ snd thersfore time - required of the
machine. Whether modification inm used or mot the machine muat repeat the
tealc operation for each register being dealt with, and the operation and
setting up of the modifying procedurs must, of courze, tolke additional time.

" In the last example 3? progran stepe ere cercisd out by the computer {o
cbtain the reguiraed Iéault. The same resuli could Te obtained without
modification by & simple program of repetitive adiing es previougly shown,
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W ahiould then nesd ome imstrustion fo clear Mag.200 and ten additiom
instruotions, waking only sleven steps in all, taldmg only 1/3 of the time
of the modified pRooedure,

The sddltional time taken Ty the machine is usually juetified b the
saving in progravming effort, bul thie cennct be sisted ss an invarishle rule,
and thae 'baﬁiu prineiples should be borne in wind s& that the sppropriste
gouree may be followed in sny particwlar cama.

Switching

Although variation of dlnetruchions is most conveniently and most
ocommonly effected by wodificsilon, mone the leas, it ie etill poesidle io
do aritmetia on the inairuation registsra in the way shown on page 5 and
this technloue may in gerizin casee be ths most sprrepriate. Not only may
instructions be variaed in this way, but they may in fect be replaced completely

by a different ipetruction, thus esusing & complote chengs in the program

saguanca. This subatlitution of lwedruotlons is Ymown as Yewltehlog". MAs a&
example of switehing let us ponsider the case whare we sre reading in from
different onrd types, numbered 1 to 4, and for each card we hawe & different
routine to follow. Suppome these roufines commence et instructions R2T, R4,
B52 and RST respectlvely and thaet the card type baz been read into Tegimter 2,
in the '4' addrsse, Then ws would progrem sz follows:

g H 1R E 2 (R : 1 2| Set up ewitch
1 : f 1| Switoh

2 0 ! :

sinl e lrizg | I

alu] Tolr.q

5 1 11] | ¢ {R 52

3] 11 N R ; 57

7 ,’ j

: ! |

g | | g

Hore lpptruction B O fwanefers inte reglsier K1, the csntenis of
B2 4+ wodifier, Thus if the ced type 1z, sey, 1 the 'a¥ addresa of insbructien
R O will beooms R 3 and B 1 will bs reflacsd by B 3 mo that the next
instruction carried cot is equivalent to the oentents ef R 3 i,e. & jump
to 27, Similerly if the card typs is 3 then instruotion B 1 is peplaced
by B 5 whioh effecta a Jusp 4o R 52, So nstruotion B 1 becemas & “Switeh®
te the sequence approprinte for the card type.
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It should be polnted out that the imstructions in R 3 to R & are not an
integral part of the program, but are inetruction constants whioh are only
used if and when they are imserted st Kl by the opsration of R 0.

In drewing flow charte and disgrames of jobs, a teet funetion ls shown
s & box with twe alternstive flow-lines proceeding from two of ite sides.
4 ewiteh, however, is usually shown a8 5 oirole with the apprepriate number
of alterpative flow-lines radiating from it, thus:
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