SECTIOR 5 — SYKTEESIS AMD EECORDING PROGEAM

5.1, General

The purpose of this section is to explain how en EVIDEC 1101 program
is written, how this written program is translated into 2z medium euitable
for feeding to the computer [l.e. punched paper tape or punched eardn) and
te conelder the process through whioh ipstructions go ses they are read by
the computer and bullt up, in the computer store, inte a complete program.

But lat us first coneider brisfly what ie happening inslde the OO
puter ap 1t 1le ocarrying out a commercial task. There muet be a program of
instruotions in the computer'm ators contrallimg each cpsratlon performed by
+he pomputer apnd ap thie program may well mm to over a thousand instruotions
it cannot be held in ite aptdrety in the 1024 word core stora. Cooseguently
the program ip stored away on the magnetic drum smd unita of it are celled
into tha cors stors as required, and it 1= from hers that the instructions
are selected sequentiaslly and executed. The unite of program belng sxecuted
in the core stors inelude instruotions to call further units from the drum

when they ere required. Each of these units of program ig called a 'Stage?,

Ths computer progrem is operating upon dats read from magnetla tape,
paper taps or omrde. Bome of the dete le storsd throughout the computer job
g0 that the program con always refer to it e.g. price-listes and itema
deperiptlona, while other data la of & traneliory nature, e.g. quentitles of
items ordered. Units of the atore, both core and magnetic drum, ars allooated
$o hold thess varicus types of data, the gizes end pesitions in the store
of these unita depending only upon the special requirsmenta of the particular
task belng carried out by the computer. Units of the computer store used
by the program for storing date are o0alled 'Sections®.

Wateldng a computer im action we can pes data heing read, we ocan sea
it; in bipary, on the displays on the monlter desk as 1t ia swtored away in
the ZFections of the computer siure and we can see results being printed, or
carried forwerd on mognetlio tape. S0 mush for the data - wa can readily
appreciate how this gets into the commuber, but what about the program, how
does that get inte the mtore?

The answer fa this queastion is that programs are written, im Arabic
munerale, in puch 2 way thet the individual instruotione can be punched into
pepar taps or garde and fed to the computer as though they were data. Tt
requires, of courge, s program already situated in the computer 4o read this
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datay & program with the basically esimple task of reading and etoring the
date on the drum. This program, which we will for present conveniemcs <OB=
glder to be permenently stored in the computer, ls called ihe Symtheels
Program. While the Synthesis Program is controlling the compuier in this
task of readlng a mecond program from paper tare or cards, there can ba ne
gusstion of ihe computer sxecuting the instructicpe of the second program
for they aze belng treated am just & seriem of numbers which have to be
gtored 1n specified loaationﬂ. on the drum. Then the whole of the program

haw been storsd, it la the last task of the Synthesis Program to transfear
pontrel te the newly stored program =o that the latter can then take sousand s

In practice the Synthesis Progrem is deeigned o do much more than
this simple reading and storlag operatlon for, although tha writing of
EMITEC instruotions is quite simpla, conaiderable thought im required 1o
onsure that the ators is sultably allocated to held program and data and ia
organising the siages of program sa that they can be valled down from tha
drum to the core stora wher Trequirsd. The extra work the Synthesia Program
im made to perform simplifies the programmexr's tesk, by giving hinm assipt=—
anoe in organising a program, making the alteratlon of exlsting programa &
auloker snd lems arror proms opsration, reducing the amount of simple srith-
metic he is ocalled upon to porform, and allowing hlm to write lmsirusctions
in & move convenlent form than that regquired by tha computer.

The Synthesis Program, like any vther operational program, requires
to have daula pregented to it in a standerd form, and we will now oonsid.;n:r
bow this data — the new progrsm — must be written iu order to be correctly
interpreted apd processsd.

F.2., Writing BIIDEC Insiructions

It will be remembored that a siugle EMIDEC imsmtruction conmleie of
five slemeniai— a function, 'a’ addreas, 'h' eddrass, 'e' address, end
modifier. The o' address is furtber divided inte two parts keows as 'C1°
and 02" adiresses.

Inside the computsr, instructiioms are expresmed ma 36 binary digits,
and are gtored one per ward. The 36 bits are divided iwto groups to

pecomuodate the elemente of the lpetrucilon es fellowsi-

35 - 32 a1 - 28 27 - 18 17 - B T=23 P
gz o1 b address | 'a' addresa | Punctlon Modifier
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In writing inatzuotions, however, it le mors convenient to think in
the order:- funotion, 'a' address, 'b' address, 'c' address, modifisr.
EMIIRC coding shests sre thersfore drawn up in this order, with the aim of
malcing program writing ae eimple as pozaible.

Talee for ezample an lnstruetion meanlng Yadd the coptepts of regimter
A to ths contents of r'eginﬁr 44, placing the result in register 44, after
first moiifyiog the instructiom by the contenis n:'f reglzater 3". This is
writtens—

101! IGE'I‘ IIEI
44 3

1 50

|
m—
O

For this instruction, efter punching epd reading in, it is only
neceswary to re-alrznge the slements before storing in final form.  After
re~arrvangement therafora, it would apoesr in the compuber:-

p3s (o |efololofolo ﬂooniaftﬁJillceﬂlonajohll 1i0(oloj1fafzfolrfa

G2 Gl b a fn ]

One of the tsske of the synthesis progream is to effsct thiz re—orgeni-
gation of ibmstruction elements. Befors considering this however, let us

© examine the Rslative Addresz technique which iz used in writleg programa since
it is necesssry for these addresses t0 ©e reccgnised when the elsmenta of

an instructlon are being read in.

9:3.  Bslative 4dddresaes

{a}) Dats Storssme

The ezample given above illustrates how the addrasses of the cperands
to be used in an insiruciion =re apecifiied, both in the written foxm of . the
instructions, and az they are atored in the computer. In thiz example the
mumbers written in the ia' and 'b! elementn of the instruction are the
numbers oi the reglaters to he referved to. In order to write a complete
program epscifying in this fsshion, the sotual regieters to be used, 1t would

© be neecemgsry beforehsnd to work oul. the cewplets storsges allocution plan. Thim
ia virduslly iopessible, and any later esmendmernts to $he program or the
allac.a-hion.plan would naocegsltate changes throughout the program slready.
written. This would %e a very inflerible method of ariting programa, and
would result in upneceszary errers and waate of +time.
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A metbod of writing prograns hae therefors been adopied which avoids
the need to epecify sbsolutely the registers to be used in esch instruction.
ir thia system, the programmer need omly decide initially that he will use
for data atorage a nuuber of ssctions of the store (of undetermined mize
initially}, each designated by a leiter of ths alphsbet 4, B, C ste. Within
each Ssction, registers cen be nuwbered Cy 1, 2, eto., upwerde;s tlme register
3 wlthin Section B can be referrsd to ae register B3, In writing addresses
in thie faghlon, the Section letter, mown se sn ‘indicator', iz written in
the faint-ruled eolum of the 'a' and 'b' address sections on the program
sheet. The following ls sn example of an irstruction so written:-

1| 4! 25| pi 6

ddiressen speoified in this way are knowm as "Helative addresses”, as
cpposad 4o "absolute addresses" when the actual registsr number is specified.

The computer ocamn only cbey =n instruction when the adiresses of the
operands are eXxpressed in absolute form; it 1s thersfore necemsary for all
relative addrespes to Te converted %o absolute addresses before the program
ie stored in the computer.

Tee converslon froom relativa to sbmalute addreszes is obvricualy & very
almple rrecsss for once it iz known whers, in the computor étnre, eanh sectlion
im %o stari, the sbsclute address of this ataviing point is added to the
ralative address pritten on the vrogran ghest. Thoz, with the exsmple -

[_- 1| Al Do

] i

if ths programmer finds that in allecating store space to program and data
it dis copvenlent tc make scotion A start ab register 250 and section D start
at 310 fhen location 25 of seciion 4 can now be identified as register 275
(absolute addrena) amd locatior & of sestion D me reglster 316,

Ths programmer need only decide upon the sectleon edarting points when
he bos written the complote program and then, by providing the Synthesis Pro—
gram with this information for each sectiom, the conversion of relstive
addresses as written into the absolute form regmired by the computer is carried
eut as the new program le being read from paper faps or cards. BShonld awend-
mente %o & frngram sxtend 0 the re-pogitiondng of sections of data in the
camputer stors it is mecessary only to re-state the new starting poimss of
sach section and wo amendment is regquired 4o the individual instruetions as
written.
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Relative addressing of Sections may be applisd to both the core ators
and the drum store. Tn tbs latter cese, each Section will comprise a peries

of 4-word blooks, elnce the drum is always addressed thua.

() Progran Storage
Phe Relsative Address pystem eo far described only deals with data

. storage. It is in fact also nacendsary to upa & reletive addrses system for

gpecifying the addressea of instruotlons in the core store. Bvery program
ig subdivided into a number of Btages, the marimum size of a Stage being 64
instruotlons. Within sach Stage, instructions are rumbered from O upwards

on the program sheets. Any inatructlon in the oomplete program ez written
mey therefore be ldentified by its Stage number, and insiruction number
within the Btaga.

Thlg beoomes important when "iest and jump” instructiions are used in
the programj again the computer can only met upon nddrespes expreased in
ebaolute form, which meens thet in sach instructions, the number of the
regipter containing the next irgtruction o be cheyed muat be ppeacified.
Put the programmer cannct mormelly decide which reglsters to uss for in-
atructions uptil the program is completed, and the solution 1s therefore to
specify instruction addresses velztively, bty Stage number apd ramber within

“4tha Staga.

The method of wiiting ilnetruction addressss in Yjump' instructlona e
as followsi-
{1} the lotter 'RY is used in the indicator column for all

ingtruntlion relative addresses

(11) if the program juup is from oune instruction to another within
the meme Stege the instructlon number within the Stage le
gritten in the 'bY address column, bthusi~

8" o c1 jc2 |m
100 B i 53

P
1L

N

The interpretation of thie is "test whether reglater 10 containa sero}
if so, the next instruction to be obayed ia in looation 53 of this Stage™.

(iii) 4f it is required to specify & jJump to an instruetion in
snother Stage, it is necessary to epeclify the new Stage humber
additionally. The two Tight hand (or least significsnt)
diglte spocify the -inmstruction punbsyr within the new Stage,
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and the Stage number is written lmmediately to the left of
them, thuge- .
P l%l Y] c1 o2 o

11 | 10] RT3

meaping "teet whelher register 10 contaipas serey I1f &0 the next
lustrustion to be obeyed is in locatlon 53 of Stage 5", or againy

11 10 R i 403

meaning "test, and Jump to instructlion in Jocatlon 3 of Stsge

4", It 18 ioportant to note thot twe diglis muet slways be

glven for the lnstructlon number when avether stsge le specified -
in the sxampls ghove ilnatruetion 3 is written as 03.

Bl Punohing ¥ew Programs

Tha Syuthepls Routlue will accept programe punched inmto cards or iato
paper tapa. In either caps the seme rules epply when writing the program, -
insluding 'dummy funetions! described later (5.6, 5.7, 5.8, %.9).

Funched Carda

411 instrustions (inoluding instmuctions with dummy funciions 90-96)
ere punched in the eame layoul. Three lustructlons axe socommodated o &
pard, and s field of 20 oolures i ellotiel fo asch, divided as followsi-

Funetion
& addrepge indicator
& sdidreas

2 columns
i
3
B address indicator 1 g
A
3
b

B addropn

Gl addrwes
07 andrass
Madifiarx i "

The three instructlons occoupy oolwing 1 ~ &0 of the card, In colunns
61 ~ 65 ip punobed o pumbor which sllows the Syathesis Routine to cheok that
the oardd avs in their correst sequence. Thle nunber consists of the stage
pumbsr 3 uulumnﬂ) and the mumber within the stage of the thisd instructiom
on the card (2 columne); im the ecmse of part-Filled cards, the number should
be punched sz though all thres fisids were onoipied. The inder of mectlong
and oiages la punched with asquence pumbars for 'atage OF.

The begloning of a mew siage, merked by dwmy funciien 94, la punched
in the firet fisld on a cand,

The end directive {dummy functios 96) ta punched in the firet £ield
o & card, followed by the progrop identiflcation. This card hags no
gaquenas purber, '



Where the column recognition facility ls not available, unused columms
and fields mmat be filled with gerc punchings. In this. case, the programmer
mst specify when empty columns in an alphsrumeric constent (dummy function
91} sre to be punched 'No Character' rather tham zero. .

Punched Papor Tape
411 ipstructions, including instructions with dummy functions 92-96
are punchad in the sane manner. A "Fucber End' is glven after sach slswment
of srch instruotion, i.s. at each vertical line on the coding sheet after
tha function mnmber. For szamsle
94 T
4] 14 B 83 2 7
1 8 B 81 B B3
would be punched (* indicates Nuwher Fnd, (indicates Letter Shif+, and)
indicates Pigure Shift) '

g4 w  * & X B T & ¥ ®
19 * (B) % 83 * =+ « 2 # 7T » %
B # {BY #= 81 = [(B) * 83 * » = =

For conetants (dummy funetions 90 and 91), all the elewents to the
right of the function are trested as a single unit, followed by a Nurber End.
For exeaple the coustants

90 1 012 5 3

81 CERE 1 T
would be punched (* = Fuwber End, (= Letters,) = Flgures)

90 % 1072R13 =

91 #  (CREDIT) =

A rum-—out of § ~ 8§ irches of blank tape should be provided hetween
- each stags.

The program ldentiflcation should be punched sam a complets dumay in—
ptruction following the end dirvective (dumy function 96).
5.5. How the Synthesis Program Works

Dealing with sach lnetructicom

Let ue consider the tsele of the Synthesis Program in dealing with a very

slwple instruction (one not uaing relative sddvesses). The imstruction is

| da] Aol |

and punched into paper tmpe or cards in the manner already disocuased. The Syn—
thepis Frogram im reguired to take this inetruction and re-srrange 1t imko the
only form im which the computer can correcily exsoute it when the program, of
which this ingtruction is part. is controllinmg the computer, l.e.i—
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D35

D3,

035

ololololol1lrlo|olo|ojolololofil|1|1|olojojo|0i0]1]011|1]0j0[0[1 00|00 | DO

To achieve thiz the elements of the instriction are ocalled pepsrately

from the buffar into the cors siore 2o that we havei-
i ]

ofo]ofc]o[o]o[o]oofololv]ofojo[o{olo]olale]ole|o]c]0]o|e|olojololof1i0

Reg,20 Function
o[ofe]efefo[o]o[e[o]ololoo]cfo]o]o]o]e]ojololofololo]oojolojo]Ljel1]1 |
- ' Rog.21"s"address

eJofofofofofofe]efo]o[ole]o]ofo[o]efololo]clolofofofojolejofojojal [2]a |

Rag, 22" address

olofo]o[o]olo]ololojofoic|ofoolejo]cle|oje]oio]ololo|o]ojo]olojofL 1|0
Bag.23 01" addrese

ofoo[oje[ofo]ofe]o]o]o]alo]olalo]o]c]ojo]o]o]o]ofofo]o]c[o]e]o oo lo]o |

Heg.24 "02" addreas

elolololofololololojojofo[o]o]jojojojojalnjojolojojcjo/ajojojojo o je o]0
Eegu25 mod.

How by shifting the combente of sach reglster and adding, the
instruciion can be brought to ome register in correct element seunence.

Tha following eequence lllvatzutes this slep by stepi—

| 2 |
7 |

) .
ofa[e[ofo]ole]o[c]o]o|o]oo]olo|ojo]olo|ofo[alolalolo]oo{o|0lojol1{1] 0| R.19

e

B
L]
(AT

e | 2| Ta| 11910 |
NN |
o] o] o] of o[ o]c[o] o] of o] o] o[ 0] 0] 0] 0| o]0 o n|u|§hia]u}nio[n OORBEER
s f2| bta) lafw | | |
ST T
}

o] o[ oo[ofo]o]o[o]o[ofolz]2T6[o[0]ofe]0]o[0]2]1]1|0]o[olole|ofa]0{1{1 Ra29

s | 2| ; ] la]s |
RN |
_ c2 61 b £
[o]a[e]o]o]olo]o[2]2]e]o]o[olojo[o[of1]3]1[o{0]o[ojolo]1 |02 {2]0jofo]1]|of Ra29
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le |2 [ 19] 13| | |

(T T7T &) 191 | 1T

M e fn i}
COIO(OQ| 2| 1{0ta|0|0{0f0}0f0 L1 1O |0 1000|2101 {2 {000 L 0000 M. 19
5By [ rting from Relsti Abeelute Addr

] Hefareancas

With tbe siwple eyample just shomn the instruction specified

" absolute adirssses i.s, no letter was written in. either the "a" op "b%

address indicator colurms. Where ralative addresses are used (and thia is
the normal case) ws have already Besn that i% 18 necemssry for the Syuthesis -
Propram to imow the addrops of tha siartize point of each section so that
this address can be added to the relative addrses apecified.

Before any inetvastion of o new program con be deslt with by the
Bynthesis Progrem thase Bsclion Felerences musl be read and stored in the
computer =0 ‘that they can be melacted as vequired and sdded to the relative
sdirsegses. The first informstion to appeer on the punched tape or cards la
therafors a list of the Section Hafersncea. For convenience sach address is
written s= an instructicon but to identify ite real meaning to the computer &
"Dupmy Punetion” is weitten in the Ametion column, The dummy fuvotion g2
indicates to the Symthesis Frogram thol the sddress which followe ls a Sectlon
Address apnd nol 2 normel trogram instructlomt=

52 4 1 70 | |
52 B | 100 |
g2 |C¢ }200 ;
| 92 il v ho24

It should %e notsd that tha core stors addresses are vritten in the
'a' address and that drum addrssses ars written in the 'R sddress columme
on the coding shoot. This ie fc rrovide s vlausl dtetinetion vnly, between

ggctione stored in _'I;Ea cole phbore or on the drum,.

Twenty rix locaticns sre resorved by the Sypthesis Instructions for
the ztorage of Bectlon Addvessesy one for sach J.et-fer of the alphabet. Fouxr
latters of the alphabat are not uzed asg Seotion Indicators however, so that
only twan‘t.y two of tho locedlone are used, The letters B & B are reserved
for a purpose to be discusped later, and 0 and I are avoided becauss of the
puaai‘hiiit:.f of sonfusing them with figurss.

Enving identified the dummy function $92' the Synthesis Program
gtores the sddress which follows in the appropriate ope of & series of
regigters sllooated o hold the Ssction Heferencesiss
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. Hegister

Absolute Adiress of starting point of Seotion A | 138
n H B 139
n ¢ 140
" D o 141

~ “&__H_M;ﬂ_‘\\\
T Bectton ¥ = 162
F " oz 163

Tre selection of the approprinte register in whioch to stors each
Saction Raference ie achleved by using the zlpbabatic addrees indicater as

a mnodifisr,

Lf by mintake, & Seotion Reference ie not included at the bead of
the paper tape or cerds conbelining & new progran apny ipstructions which
follow with relative addresges raferring to the ssction will bave © addad to

the relative addromses.

Thia index remsins ast-up in registera 138 to 163 throughout ths
roading of the prograd.

For gaeh instruction resd before escrying out the eevied of
instructions roguirsd to form the complste insirustion in regiaster 19, a
further short asquence of the Eynthesis Frogrem is entered to add fo
reglater 21 ("a" addrops alsmont) the adiresa contained in that pext of the
Becticp Deference indsx specified by the "s" address indicator. Thoa, if the
"a¥ sddrecs indicator ig "' {he oddress in register 141 will bs added to the
relative addross in reglesbesr 21.

Ihe pome procedure in carried oul to modify ths "b" addrems element
situated in rezister 22,

Program Bhagas
I% hes already been staited thet programs are sub—divided into Stages

and that relative addrsssss are ussd when referving to other ingtruetiona,
whethay ther be in the sams or other Stages.

Hach Stage, it will be mecalled; camot excead 64 dinatruetiona for
to do so would mean thet more than ano "15" imsiruction would be reguired
to esll the stage {rom the drum indo the core stors. This is undesirable in
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organleing the program and as a sfags need peldom approach 64 instructions
ne difficulty is introduced by impoming thie limit. For the same reason &
slage must appsar in its enbirety on ome track of the drum so thet only one

inetruction ls requirad to transfer it into he core store,

Whers stages sre sufficlently suzll, two or more stages may be stored
on one frack.

As with meutions of data the programmer need not decide wheve to
8ituate tha progrem stages, either on the drum or when oalled into the cora

“#lore, untll pach btime ms all stegem have been written., Then the following

1nfbrmatiaﬁ must be spscified for eoach stazel—

(1) Address of tha black on t:s drun in which the fizab
instruction of the Stage is to bhe located

(1) Tbe mmber of biscks on the drvm required for the complete
3aga

(111} The address of the register iotc which the firet imstruction
is to be called.

This dnformation is written for each Siage se an instruction bub
the dusmy function "93" i used to ldentify it to the Synthseis Program.
If it is declied that Stage Jo 5 1s to be stored on the drum starting at
block 1136, it includes 32 inetructionz (B blocks) snd will be oalled inte
regieters 321 to 352 then thie vonid be writien sor-
gy e gl R

T

SN I A A —— o T [P

93 | 321 11138 | 5

1"’-*\'_;,,,---, ----- = ET..‘-.T._‘I..T#"‘H"""“—.WJ
ani the inforsation for =11 Shages {in Stage mumber gsquence to facilitate
visual reforenne) i punched into the tepe or cards immediataly following

LY

the Bection Beferences and thus preceding the progzram stoagss.

Upon identifieatiom of the "93" dwmmmy function the Synthesia Program
canges the information Lor the dHage to be pet up in & Stage Index pimilar
to that chown for Bection Beferences. The index appsars in the core store
in this wayi—
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35 28 2t 24 23 10 9 0D

blocke

1 16"'; 1] fi
j : It 153 " n

b L e e LA LS R It 159 ] i

" 170 2] "

334 gtages ere allowsd for in thes index.

Use of the Stars Inder

Tha Stace Indax is used by ths Synthesis Program for twe meln
TADpOEeE ™

{a) Then wedifying relative addressss oF instructicns referripg to

other instruotions e,e. 1 ‘11[ i o ‘ i 5415| | I

{B) When storing the program on tha drum,

Having already considered the way the Synibasis Program oonvedia
from Telative to sbesolute addressss uzing the index of Seotion Beferemces,
the use of the Stage Infex for puzpose (a) will be readily appreciated.

With the example | Illi EL!|R E.tllﬁl ! ! I
fhe WL 2dress refers to Stage 4 instruetion 15, The Byutheals Frogram
gsparatss the Stage and Ingtruciion marbers and thon wses the Stage number
BE & medifler to eelect the informetion relating to thet Btages from $he
Stage Index, The Core Store Address (DO %o D9} is then isolated fyom this
information snd added to the drushion number. Iuo this erapple, 11 the
programmer decidas thal Stage 4 will be called from the drum inko the core
gtore At regiater G20 1t will be this address which will appear in the DO
t0 D9 positions. The Synthesls Program adds G20 4o the lnsizuction mumbar
{15) within the Stage and arrives at the sbsclute sddress (635) of ths
ragieter in which imgtruction 15 of Stage 4 will be situsted.

For purpose (b) the remainder of the information inm tha Stage Index
for esch Stags is required (D10 %o D27}. Iu fact, the Synthesiz Program,
‘having modifised and assesubled each instruction separately storss thoss
instructions ssquentially in & seriss of up te 64 registere reserved for the

12 PL.1063/5
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purpese, until all the instructioms of cne stoge have bean deslt with. The

Stage Index is then referred to by the Synthesis Program to sscertain whers,

on the drum, the aamplatg Stage is 40 Ze storsd and the transfer from core
ptore to the drum is then mada.

To make this process completely flexibls each stage is preceded, on
the paper tape or cards, by e marker which will now be axplained.

Staee Horvkera

At the head of sech glage lhe programmer writes a dunmy instruction
te indicate to the Synthesis TFrogram that the instruoticn which fellows is
the firet of & new Stage ~ and concequently that the pravicus Stoge, whioch
was being built up in the core store. cen now be trensferred to the drum.

Thie dumry instruciion is written:—

194" iz always the dummy function vsed, and the Stags Mumber is
entered in the € adirecs {in thie case Stage Ne.l6).

I
e

NN

& new orogram sheet is used by the progremmer when sterling a new
stage and the shests ave ruled fo allew for the eniry of the Stage arker
imnediately precsding {nstruction 0. TWaere a Stege excesds 30 instructions
{the capavity of ons program sheel} the Stape Marler mast act be \Wi‘btag o5t
tha eontinuation shesta,

On recogniticn of ths Stege Morker; oport from troreferring the
previous Stage fo the appreopriate localions on the dreums; the Syunthesis
Progran slso sslscts, from the Btage Indez, ths informaticn relaiing to the
Stagpe with which it i3 zbout to dsal. Thiz infoTmstion i stored ia the
first register {(register 155) of ths Siage Index and will remedin there only
utll the atase bae been build up snd transfarred to the drum, af whioh
point it will be overwritten by the information for the followlng Ftage.

Now, with the imtruﬂ'hiunlll 1 oo | & | a5 1 [ | |1-k wae
explained how the Synthesis Program soparated the Btage and Instyuctlon

3

mumbews. Howsver, 4f bhe imstruction had besn |11 | | ofmizs | | | |
the result of zeparating would have indicated Stage 0, instruction 1%5; and

the Synthesia Program would refsr to register O of tha Stage Index (register

165) to obiain the information relating to the Stage. 4s the relative

sddrese in the second example means "inmstruction 15 of the current Btage" and

ag the details of the ocurrent Stage are placed in regieter 165 by the
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Synthesls Frogremy it will ba seen that chis relative address will Te
porrectly converted to sbeolute form.

Cell Program Stagea frem the Drum.

Vhen & new program la heing writien the jwogrammer must deoide which
stagen ars required in tLe core store at any one time., It i kmown that %o
osll & Stage from the drum, ons "15' ingfruction is elwaye required, tuk,
although the programmer will lmow while writing the program which Stage om
Btages sre to be Lranaferred to the cora efore, and the sequence in which
they are to6 be trenaferrad, be will not know until the program is somplete
the druw snd core store sddresass of the Stages,

This introdices ths last of the velative address techuiques enploved
in programming tho EKIDEC 110L. It i sluply necesasry for tho programier
to write @ "15" instructicn %o osll each Siage frem the drum when raguired
apd in the "b" sdiress of the instruwetion to enter the Stage rmmber with the
lettor "8% in the "b" sddress iniicator column. Thue, to osll Stage 24 from
the drum, the folldwing ingiruction le writlent-

The lotter 3 Lo reseryed exoluslvely for thin purposa.

s | Jela

The Stags Index provides the Synihesis Frogram with all the
informetion raquired to vomplete the inatruetion by sdding the absolute CcOre
gnd drun addresses of the Stage together with the mucber of blocdks
comprisirg ths Stage. The Stage number is used as A modifier e pelent the
approprliete location in the Btage Index which holds tho Stage details, IT
Stage PA is to he ptorsd on the drun giarting st block 1136, consisting of 8
Plocks (32 instruotions) and 4s 4o be oslled inks the core story starting ab

peginter 321, 81l this information will be found in the Stage Index, =8 we

heve already seen.

Thes insbructlon formad by the Symthesis Program, in thils examplay
wold hete

Va-sz|n-2sler - 8|1 - 817 - 32 - ol
| |

8 o | 2126 321 15 0
|
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Program Constante can be considered under three general headings:-
Fumeriesl, Alphanmumerical, Modifieation. In fact; as will be shown, the
distinetion betwsen the first and third of these clagses is nol always

‘nlesr,

Numerdical Constanse
Txomples of 'éhﬁﬁ-e BIGE—

(1) For sebting vp countera a.g. 200
(1i) Ao divieore for conversion from 1b to tons ebo. e.ge 2240
{iii) For collating out pardh of & word e.ge 20 - 17 - 262,143

Alvhamunsriesl Constants

Trege are vonabanles normally requivsd for primbing and on which ne
arithmetic operstions are performad. Exonplas arei-
ISBES
SHRERNS
JOB B
FAFORET
alao,

Endificaticn Conejanta

These copnstemts can reelly be conaidsrad ag mmericsl constents bub
ave alagpified soparately, becsuse for programing facility they are written
in & different lorm.

Braumpler of these comstanis are alresdy mrovided as sonrcs constants
in registers 11 4o 15 and, for irsitance, replster 13 contains simply & Lk
in the ™" sddress or a "D18". This could be considered as the mmerioal
comstant 262, 144 but writbem dn this form its normsl vgs - sz an inorement

Cin B rapstitive seoquencs — i@ far lese apperent than 1f 1t were gxpramd &aa

an insitruction, thusi=

-If, in & Tepstitive seguesnce, hoth ths “a¥ =and "b" addresses of an
inetraction wore to be inoressed by 10 at the end of each oyole, the
rregrammer writes the regoized oconstant asi-—

o || ] ]
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which ip exsctly the way in which be thinks of the constant rather than the
mmerieal squivelent 2,824,000,

Tn eome casss it 1 also eimpler for the programrar to aXpress

eollating constents in shlp way. Sbould the binary digita D8 to DLT be
reguived 2s a vonstant 1.e. A binaxy "1" in each of the "al pddress positions
of & word, toe commtant could be wrltient-

e IR

Now the Synthesip Froprsn deals with Consbants

-

Yo will deal firstly with ¥odification Constante. As theas asonstante
are written as instructiors thsy need not be spacially identified to the
Synthesis Program which troats thsm in precisely the mannesr outlined for
apgenbling & program ifnsbrucilon. The Tnot that, with the examples shown.
these consbents wil) appsar in the cowputer as “STOPF! inetructions ie
antirely irrelavant, for thoy will never be pelnotad and interpreted ad
ingtructiors but only used by %he progran 28 nunbsrs.

Nums=ical and Alphssaumerical conetants do, howeveT, require o be
tdantified to the Systhesis Program so Shat taey can be interprated and
oonverted appropristely, This ldentification is achisved by the uee of
two farther "dummy fanoticns", 90 identifying a mmerical constant and

"o1¥ an alphonumerlcal conatart, a.g.

T | 1l e
90 S I A
B 91 j | I C.30 | oc | X
1 91 R ys8 | B | S |
| I 2
1 - %lﬂé : o } o identificaticn
¢ 0 ro1 1100 roquired

It in eopvenismt for copstamts to be assenbled together at the and
of each stagze of program ard they musdt be immediately rreceded by an
"uncopditicnal tast inetruciton", o.g. | |11 I 5 0 | i 5500 | |
(or in repe ipstances Ly o "Stop” jnatruetion) o ensure that they are never

treatad by the computer am inatTuctions.

Alptermario oonstants exceeding the capanity of one wond (6
charscters) muet be broken dovn imto two separate parte and writtan pa two
constants, sach identified by itbe dwuuwy lunobicn Gl

16 TL.1063/5

— bt il e S G e AR i I i

b, ie—



SHORTAGE would be writhen

foa o ms

Njal/of/cl T s| o
CRI Ar| B 1

9l
9L
Tt an alphammeric. congsant i less than 6 cheracters the more

eignlficont charactor positions will coptain ssro unless "no cheracter”
ig written as above. This doem nob apply to paper taps wiare "'no

I
|
1
|
i
!
I

RS -

i

oharacter” will he put in subtomatioally.

T should a.:l,s-lc be noted thet whers nsgative munerical conatants
ara renuired, as in the exmmple shown carlior, & minus slgn (=} is written
imediatsly preceding each congient. The Bynihesie Erogram converts signed
oconstante inko binary and then coeplements the bLinary namhers.

58, Tunction 95. Amendnests to Progroms on Faper Taps

It ia dssirablas when smonding a [rogrsm on papex tape, o produce
B now correched tape ewbudyins tha changss wilch are o be mada,

Thim rigavoua 'spproach may esuge diffioultles, eepecially in trlal
stages when succereive alierations are called for in a long program, because
8 great deal of the correct tzpe will have f¢ be raproduced mo that
apendments con bs dnsertod in the ndddla.

Further; the copying process im carvied out on & machine wadloh,
though in the main very dependisble, can ooonsionally introduce errors into a
previously. correct porbicn of the tape.

Hsnee Paper Tepa Synthssis incorperstss the woe of & dumny funetion
for the mmendment of & pregram already syubhesised. Thia ie funotion 95.

Corrections to fhe program will be fed to the computer aftar the
originegl programn bub before the end Glpective {Fupotion 96), Bach coxrection
will e proceded by a dumey instruction with funetion 95, wihich will contain
in the "AY sddroes the stape and instruciion muwber st whioch the amendmend

oOMmeness s bhar .
5| wiaoa] £ | | ]
{(In the usual cé-nven'tinn, thin implisaz stage 10 instruotion 14)

Ths correoiion itsel? way comelet of any pumber of consecutive

. Inmtruotions writien and punched in the uvsual way. The naw aéq_unma will
_be stored in tha place of the previous comtonts of the specified locatlons.

Ag with nowmal ebages, the end of the correction iz marksd by the
94 er 95 which signals the beglnning of another stage, or of another
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oarrection; or by the and directive. (See 5:9.)

It will be appreciatsd that for the correct funetioning of this
mrocadurs the index of sisges and ssctions ls required, It follows that
if the uncorrected program is already set up on the drum, it is possible
to take in the synthesis rrogrem and read only the corrections, provided
that they are preceded by the index snd followad by the end directive.

B3y Tra Bnd Hrective

Wen fesding dsta on paper tape or carde to the computer 1t im
nacessary to provids an indieation to the compuier fhat the end of the
dats has been reached. In poms compercial spplications this might be
effscted by punching a dumry item no. or cuweiomeT .m's. after the lest item
of dsts — a muwibor such as 99999 which is outslde the range of cods
nusbers ueed in the application and which can thersfore he recognised by

tha progren as the "end sign.

In the mEme way the Synthesis Program requires to know when the
laet ipstraction of a program hos becn read from papsr bape or cards, and
the indiostion 18 proviisd by & further {and tie last) dunmy Punction.
This iz funedien '96' and ia known as the "End Directive®.

On reading thie dummy function the Synthesls Frogram transfars
ths last stage of the progzram it bas bean reading to ite sppropdlate
location on the drum, &b this point the complets new program has been
gynticaised and storsd on the druw and ig now available to take over the
control of the computer from ths Hynthesis Program. This transfer of
econtrel ie effectod by the Synthesis Program wilch now ¢alle from the
drum indo ihe core store tha fivet stage of tha new progranm to be exscuted.
Having dones thim, tha Synthesis Program forms, and carries ouly an
instruction transferring confrel io the firset instraction of the Stage.
How although it is still situvated in the core store, the Syntheais Program
hes ocompleted 4ts taslc and the program it has caused to e yead i1s in
command and Stsges of the new program will be cslled into the core siore as
required. Thege ptages will overwrite the Synthesis Prnarﬁn, or perbaps,
couge the registers ceoupied by the Bynthéais Program to e cleared where
the registers ore requirTed for dsia storage.

The sholes af tha firat siage of the new program to be called into
the cors stors by the Synthesis Progrem is given to the programmer. The
stepe nsed not be either the firat or last 4o be réad. When writing ihe
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dumy funotion 96 st the end of the program, the stege mumber of the first
staze to be executsd is entered in the "-31" addresa posliion on the preogram

gheat.

Far & purpoge to he sxplained later (5,12, RECOEDING PEDGR&H} the
hgpd direotiva” also inclules information in the 1g' apnd 't addrees
positions, These two ltems of information define the arsa of the drum
gllocated Lo the storage of progran 88 followsi -

‘g! sddresa = first block no, on drum in which program instructlons

" are storasd.

! gddress = last " = = " "

In the very next instructlon following the snd direoctive the
progremeer muet write the identity mumber to be gllotted to the programy
thig 1s explained in detail under ssotion 5.12, Racording Program.

The complata end directive is wxitten:-—

1st BIE  L4RT EIX lat STACE

! I
i

11663 5 End Dlrsctive
Program No.

1024

—1

Lre]
o™

Hotor=
The program mmber is treated as an slphammeric number and ues

mey be made Wy the programmer of ths ipdicator column in the program
rumbor field mo that alvhanumerie mutharas of up to & characters may be

usads

5.,10. Freparation and Storams of Frograms

Aosombling and Punching & Hew Propran

A1l the information reguired for & new PROgram has now been
illusirated, and it is now shown how the meierial mst be yrepared for
panohing imfo eliher paper tapas o osrds. Irraspaotive of the inpub
medium to ba used, at this polnt a chsck should be made to ensure the
followings— _

{1} That the program 18 rrecedsd by a coding shest lisbting,

upder dunmy funoiion 92, all fhe Store Sechion Addressen.

(i1) That the list of Store Seciion Addresses is followed by

a list of Stage Indices {dummy Punetion 93).
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I:iii} That the program is complate, and that <he first coding
sheet of each new stsga 18 haaded by the Stape Indlcaior
(cumy funotion 94).

(iv) That en End DMirective 1a quoied at the end of the program
(dummy function 96), ineluding the Progrem Identity Number,

5.11, Bacording Frograma onid Nagmetic Tepas
The mommer in whickh = new progran ls gyothesised bhas pow been

Program eunablsz the first staps of the new program to be called down end
entered on recognitlon of the "and divective’.

Having synthesised = progyam, the programpsr has o choles. He may
anter the program, or he may enter the Hecording Program, which will store
the eyiihasissd program on mepnetio ltape, with the facility for recall and
re=-antry.

With t2e "End Direotive” {funetion 96) ths Tlook numbsrs of the
flret and last progrem Vblocks on bhe drum were quoled, With the ajd of
these two iteme of informabion “he Hecording Program is enahled to compile
inptruotions te read the program from the drum.  In adfidtion the Symihsels
Frogren prepaves a cheok total for esch progrem block {40 ensure that each
time the program is read, the information stored away is correct), and
these oheok totals tozesher with the pogram iteelf are stored on magnetie
taps. It will bte rensubersd that the ond direetive wes followed by the
Progrem Id.&ﬁtity Humber, to ta allccetad to the recordsd rrogran Lol use
when the program 12 called back frow the Progrom Tape.

Az gach program ie individually identified it is posaible to store
mors thep ope progyram oo & progrem hape, in foct the recording program
provides for the storage of up to 60 prograwe on one Program Tapa. Each
tife 2 new progremn ie adiad onto the teps, or an old moprsa ie replaced
on ¥he tape, a new Program Tape ia written. The Recording Program is thus
& siﬁpla updating roubine.

Tha lagyout ;a;E‘ a Program Taps will be foumd dn CP.5E53. When
e synthesisad progrer is to be racorded onte a Frogram Tape the opsrator
wlll carey out the opsrating ingtructiens slso lleted thews. Thie
will esuse ths existing Program Tape to bs re~recordsd onto & spare tape
imtil ap end-warker is dedected, st this point ihe newly syntheslmsd
program will be Tecordsd cnte fha spars tape and finally, the cnd-marker
will be recorded.
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5,12. Replacing Begorded Progweme

It is poseible to record a newly Synthesised Progranm &8 @ replace-

‘ment 0 & program elready on the jrogren tape, I the identity numbar of

the program to be replaced is panched into the B address of the instruction
following the end-directive, the Becording Program will sutometically

raplace this program by the newly aynthesiped progrTam, e.gi-

I 96

.

This msane, roplace program & on the program taps by She program to be
Pound in blocks 1024-1663 inclusive, on the drum &nd nllocate the number

7 to the new pTOETSM.

1024 b 1683 | 5 Bnd Tirective
T ! & : Tdentity number

—— e il

5.13  How Symthesis ig Bftored

Throughout $his chapler we have assumad that the Synthesis and
Recording progrsm is in the computer. In faol the Synthesim and Recoxrding
program ie Program No. 1 on the Program taps and may be palled into the
computer at any time 'hj' sarrying out the FProgram HSalsetlon Roubine.
Phe fact thai at scme point the Recordlng Program mey at gome poinh re—
meke the Program tepe ls not significent.

The Frogrem Taps comes into existence initially by means of &
one—tims program which will prepare ths Program Tape in the oorreot format,
with Synthesis and Recording Prﬁgrm sa Program 1, and cther servioce
routines as followsi-

Program No. 2.  Store Print-outb.
L w3, Taye Prini-out.
" w4,  Teace
«  ® 5, Stopping Roubine.

Thie tape is given to all EWITEG upers with their mechine and by using
this tape a file of programs may he Built up. Bince the first five
prograns sre already on the tape other programs should not be pumbared
1 40 5.

5.14. Progray Selschion Roubine

The Pirst item on 8 Frogrem Tape is the Program Selectlon Routine.
When the operstor requirss to call in & program fxom tha Progrem Tape he

. will ocarry out the operniing jpatructions to call im and carry oub tha

Program Selectlion Routine.
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Prisfly, ths pzogran selection routine will re=d the program
+jdentity number (set up in alpha), from regleter 16 and will read through
the program tape until a marker block iz found with the seme identity
mmbsr in word 3, Tha roubine will then use information stored in the
marker block, to resd and siore the melected program on the drum, and
£inally to call end enber the preliminsry etage (of the melected program).
Thers should always Te & halt instruction in the first register of the
rreliminsry ptage, otherwiss The program will b2 carrisd out lnwedistely.
The halt will giwve the operstor time to zet up peripheral sguipment for
the melected progrom. Throughout the reading gporation, the program
pelection roubine ckecks ilat the information read in is corrast, by means
ef chack totels written originelly by the recording prograi.

5:1%. Ssrvice Frograns

The five msrvice progroams ore those listed unier 5.13. and dstails
of these programe will bes found in CP.5259.

Intalligent use of the mervics progrems, inoluding Byntheslm, will
minimlse the difficuliies involved in progrem festing, When & program 1s
to be mynthesised for the firet Lime the following opsrations should be
carrisd outi-

1, Cell gll servicve proguacs from the Progesm Tepe and sbore en the
dxam .
F.B. Providing thal the ypropzamver doos nob use registers 17-20 in the
aora sbore, or the trecks cccupied by the Ssrvite Frogrems on the drum,
then any sovvice progren wey be talled indo the miore abt any time and
carried out withowt corrupbing the mrogrem belng testaed.
2. Call in Synibesis snd Recopding Progran from the Frogram Tape.

3. Symthesiss the Progrom - on carde orf paper tape - epsuring that full
use Je made of the fecilltiss provided by the syntheeis program which
i

3;1. & privt-out of the program may be cbbained. s’ the seme

Time es synihesis ie being varried ouwb.
3:2. Cards may bo vhockesd for sequencs.

3.3, Coprds oy paper ieps may be re-fod and s comperison made
with vhat wae pesd on the first xun, any diffarences
belng printed owb,
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4. Record the program onto the Program Taps immediately before
attempting to prove the program, this ensures thaat cards or paper
tape are fad not more than twice, magnetic tape beling the gulcker
and more rellable medium.

5. Having recalled the program from the Program Tape testing can begin.
During testing errors may be found, in which cage the trogram nan
te spended on the Program Tape as followsmi-

£.1. Call in the prograw io be amended frow the Program Tade.

5.2. ynthesisze the sbage and seotion lndex of the program to-
gether with the cwended gtages, snd o new spd-directive in-
dieating that o program on the Program Taps is 4o be
repleced.

5.3. Produse the new Program Tape.

1. Witk papexr tape it is not necesgary to feed the complete version
of the amended stzges as in 5.2. above; inetead use may be made
of funcilon 95 (eec. 5.5).

2. Tull oserating instructions for thiz proesdure will be found in
CP.526G.

3. It is desireble that 2 copies of the Progrow Tape should be kept.
- Operatipng instructions for sopyling the Program Tape ars in
OF.5259,

5.16, Synthesis and Recording Progrem - Awmendument

Santicn 5 of the prograweing wanwal is mow slightly out of date. The
@ynihesis and Recording Programs have beoen Te=written amd full debaila in—
sluding flow—charks and codirg are to be found in OF.5250 "Bervics Houtlines
for Input and Testing of Frograms". 4 mperwral deseoripiion of the new pIo—
grams may also be found in OF.%5265.

The following is a brie? summary of the changes madei-

1. Bynthenis

The program has been axtanded and now includes the following
additional faecllitiemi-

{a) A printed copy of & program ia sheolute Fform may be pro-
duced simvitenecusly with Jynthesis.
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(b} 4 cowperigon run mey be wade %o check that no corruptiom hams
ooourTed,

{e) b cheok 1s made thet no stage of trogrem exceeds 4he length
precifled in the index.

(&) & check may be made that carde ave read im the correct
Bequendss . .
(e} Tre program identificatdon in Fesd andi ueed when racording

the program on teps.

2. Begording Progrem

The old gystem of recording has been revised to allow up to 60
programe to be scoomoodated on one tape. The firet 5 programs on
any tape will be servics programs as followst=

FEOG. HQ. 1 Syntheale snd Beoordiog FPrograme
wowo oz Ftore Prict-Cut '
o3 Mogretic Tape Print-Out .
weoon g Tracing Routine

 n 5 Steapring Boutine

The remalning srograms will be the working progrsms. Aoy program
way be called frow the tape by sotilng the appropriste Progrem Identity
Humbex in Reg. 16, gnd carrpisg out the operating instructions for the Pro=
&ram Ssloction Routine [see 0F.5259 or CP.5265).
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