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TNTRODUCTION

The Rescrved Area Program, in conjunction with the
IESSAGE button, provides a means of centrolling the 503 computers
Communication, between the operator and the computer, is through a
directly coupled, clectric typewriters FPressing the LESSAGE button
causes entry to the RAP which then expects a message.

The RAP is read into loecations 7936 - 8165 of the
conputer store by the fixed instructions contained in locations 0-3.
The locations 7936 - 8191 form the reserved area of the store and
the protection of this arca can be removed by depressing the 'IO
PROTN' button on the control console (see 1‘2-1n)

The RAP contains an Input routine which will read a
a relocatable progran tape and place the program in the first available
space at either end of the available store. Frovision is made for
scveral prograns to be in the computer store at the same time and
communication between such programs is facilitated by means of a systen
to which each progranm is linked on being stored, iach progran is
called by a name, which is held in the program itself, and hence
the user does not need to know the stored position of' any prozram. The
RAP provides a neans of' entering the programs so held, «nd when the
running of & progran is completed, control of the coumputer returns to
the RAP, vhere it remains until the next message is received throuzh the
typevriter.
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In the above diagram, assunc that A and T arc the first
and second programs to be placed by the RAP and that A and HB arc the
locations which contain their respective 'Heads'. The five 'Head!
locations contain the follovwing details:i—

g, Internal checksun of progran

1, Iiain entry to program. Pointer to previous projran

2, [HNane of progran

3, Cheekablc address points (zero il no check possible)

L, Previous first-Irce (FF) and last free (LF) location
points,

Shortage of spacc nade it necessary tiot the RAP workspace
should be placed imnediately outside the reserved arco whcre it is
"scni-protected" by the RAP system i.c. the maxinun LI pointer points to
onc location before the RiP workspace, so it will nct Le overwriticn
by a program being rcad into the storc, There is, however, no
protection against the program itself causing a location of the RALP
workspace to be overwritten.

The RAP has availeble the first free location, last free
location and a pointer to the last program placeds To find a nancd
program, the search routine picks up the RAP pointer and steps through
the progran in the storc until either the required pro-rai is found or
the RAP is reached again, in which case 'WOPROG' is displaycd on the
cutput writer and the RAP then awaits the next typowriter nessagca

CONTROLS

The RAP consists of several routines (or controls); those
are lmown as 'basic controls', Similar routines may be required for
which there is no roon in the reserved area; these arc lmown as 'optional
controls' and will be input, as normal programs, by the RAP,.

A transfer of control ocecurs on completion of the first word
of a nmessage. The first word moy be either an identiler or an integere
Further message parancters will be read as required by the progran or
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reutine to which control has becn transferred. 291,
.

If the first word of a message is an jdentificr then it is
cheeked ageinst the 1list of basic controls and, if present, control is
transferred to the appropriate scction of the RAP, T it is not present
in the list then:

15t) The search routine is used to deteruing vhether the progran
requested is available. (If pot available, 'HOPRCG' is displaycd).

2nd ) If possible, a sum check is nade to cnsure that the progran
is still corrcctly storcd. (If found to be stored incorrcctly, 'ERRSUL!
is displayed}.

3rd) Unless incorrcetly stered, the progren is entered via the
nain entry in the program heade The symbol  is output to show that
entry has taken placc.

If' the first message word is an integer thon:-

1st) Negative integers or integers grecter than the naxinun LF
location are rejected (sec scetion ¢ of 'ilessuges!)e

EnﬂJ If no paramcter is specified control is transferred to the
first instruction in the location specificd. If the integer is followed
by the paramcter S then control is transforrced to the gecond instruction
of the location. In cach casc the symbol ) is output on transfer of
control.

B/SIC CONTROLS

f
4w,
e i v e

On basic nachincs the Input routine will recad a specially
preparcd reloeatable binary tape fronm whichever tape reader is sclcected.
"he fom which the binary takes is described in -ppendix 1.

On non-basic machines the input nedium could be specificd
by & parancter of the message. -iis porancter would call say 2 filn
handlcer by the sanmc nane as that given to it by the Symbolic Asscubly
Pregran,

Unless a nessage parancter gives indieation to the contrary,
the progran being input is autonatically placed in the first available
spacce Whether it is placed at the upper or lower cnd of the free
store or in o fixed position is a dceision which is taken when the binary
tape is produccd (scc Appendix 1 for further details)e  VWhen a progran
hns been successfully input by the RAP, the progrom nane is output on the
sane line as the input tessagcee

On entry to the Input routine the Interrupt Fernit
Registoer (sce 503 spacification) is set so that donucl Interrupt is
allowed but 2ll Normal Interrupts are not peraitted.
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2) CONTINUE Zelnla
Continucs a pregran fron the point at which it was left to
obey a Mlanugl Interrupt or Error Interrupt, (scc Appendix 2 Yo

The last progran to be interrupted in cither way will be
continucd fron the point of interruption, cven il a ftape wes being input
wvhen the interrupt occurrcd,

3) RESET

Clears the nain store, with the exception of the RAP
workspace, and scts the FF and LF pointers to their minimun and noxinun
respectively, The RAP pointer is set so that the RLP points to itself,

}.) FREE STORE

Brints the size of the available storc on the output writer
a5 o four digit intcper with no suppression of' leading zeros.

5) LIST

Prints on thc output writer o list of all programs in the
storc in 'chronological! order beginning with the last to be storcd,.
After an extra line feed the size of the available storc is printed as in

L)

If a progran is found to be stored incorrectly as a result
of sun check failure then the progran name is followed by an asterisk,
(sce Appondix 2 for possible action to be taken),

6) CANCEL

Effcctively rcrnoves a progran or prograns from the store
by backdating the RAP pointer and the FF and/or LF pointers.

Vthere a progran is naned by o nessage parancter then that
progran gnd the progroms input af'ter it \i.e. nancd before it in the List)
will be removed,

Before the backdating proccess is begun a cheek is nmade to
cnsurc that the named progran is present (to guard against possible spelling
nistekes), 'NOPROG' is displayed if the progran is absent,

If no parancter is read then only the last progran is
rerioved,

CPTIONAL CONTROLS

1) Comnent
Copics to the output writer the nessage which follows
until full-stop. Any of the characters on the typeuriter moy be usecd
in a comment, No action is tokene

=



2) Read
Heads o nunber of identifiers and integers to specified
locations of the store so that they nay be used by a nain progran,



ILANUAL _INTERRUPT

252415
Precautions

When the MESSAGE button is depressed, control is transferred
to the 'mrecaution' section which tests whether the RAP was being used when the
interrupt occurred:-

If NO: Outputs '?' on a new line on the output writer to indicate that
kanusl Interrupt is accepted and then the il zuoits o messagc.

If YES: Tests whether the Input routine was being uccd.

YES: lianual Interrupt is accepted. This is necessary to prevent the
wrong program tape being input.

NQ: Completes the operation being done until gbout to leave the RiP,
then accepts Manual Interrupt.

NB: There are three subroutines that a prograia in the nain store nay
nake use of =

1) Read word (integer or identifier) from typeiriter.

2) Print alphanuneric word on output writer.

3) Search nain store for naned progran.
Eanch of the sbove subroutines has a special entry for use by projrams held in the
nain store by which a narker is sct which holds up tic coceptonce of sanual

Interrupt until exit is about to be made from the subroutine. Any other entry
is unprotected.

When a message is being typed any of' the upper case
characters nay be used with the exception of =, but only the letters nay be
used fron the lower case. These restrictions enable messages to be typed nore
casily ond hence nininise the time consuned.

The uscs to which the characters acre restricted ocre as
followss—

a) + and - arc used to precede integers (+ is optional)

b) 4 letter (upper or lowver case) nust be the Tirst character of
an identificr. The rest of the identificer noy be numerals and/or
upper and lower case lctterse (N.B, 'ALGOL' is treated as
distinct from 'ALGOL').

¢) 3 is used as an end of word symbol.

i



d) '.' denotes the end of the message (and 2lso the end of the
last word of that ncssnge).

e) 41l other characters, apart from 'space' vhich is ignorable,
are treated as non-acceptable, On detecetion of a non=-
acceptable charactor, the RAP will output j (non—cacnnable)
followed by capital X, This will form the synbol
The RAP then expects the whole message to be repcated on o new
line, This synbol is used to denote a gencrnl nessage
error detected by the RAF.

Concellotion of Messages,
t

If' the user wishes to cancel a nessage before ',' is typed
he nay type | (non-escapable gnd ﬂﬂnraﬁﬂeptﬂblﬂ). The h.F then recognizes
this as non-acceptable and proceeds as in e) above, The conplete message nust
then be re-started.

Release of lianual Interrupt Inhibition

The inhibition on Hanual Interrupt is released either on
exit fron the RAP or on entry to the Input routine,

For all ~ther basic controls the inhibition is retained.

ERROR INDICATIONS

Error Interrupt

When the nachine deteets an error condition an ERRCOR
INTERRUPT takes place asutonatieally and any further interrupts are inhibited,

Control is inmediately transferred to the basic Error
Interrupt routine which is held in the RAP., This will output 'ERRINT'
Tolloved by an indication of wvhich error digits are prescnt (see fppendix 2}.

The nain store is then searched to deternine whether a nore
conprehensive error diagnostic progren is present. If so, then the inhibition
on interrupts is released befcre transfer to this progrome  If not, then the
RAP outputs 'NOPROG' and awaits o nessage.

Error Viords
When certain 'error' conditions arc detected by the RAP
the appropriate indications ere displnyed on the output writer. Loch word
is output on a new line and the RAP then awaits the next nessage from the

operators.

The 'error' indications output by the RLP ore as follows:



ERREUL n} A sun checl error has been detected on
attenpting cniry to 2 prograon.

b) & tape sun check error hos boen detected
while o progran is being input,

NOROQI] s There is not enough spoce in the availoble
store for the progrom being input,

NOPROG : Noned progran is not availablc.

UNCHEK : Progron is not sun-checkable, This is not

strietly an error but serves as on indication
that o progran will nou be protected on entry.
It is output on the same linc o5 the progran
nane only on input,

'OPEN' SUBROUTINES

The following RAP subroutines may be used by o progran in the nain
storc, Bach has a special external entry for this purpose in order thot they
are protected in case of Manual Interrupt (see ‘precautions'). All have a
connon link,

1) Read Word fron fypewriter

When exit is nade from this subroutine the word, which has

just been read, is held in location 7914,  The overflow
register is set if the word is an identilicr and clecr if

it is an integer. The character on vhich uxit is inde is

held in location 7913. Vhen an unocceptatle character is typed,
<:1is displayed on the output writer. The complete word nust
tt..n be repeated.

2) Print alphanuneric word on output sxiter

This subroutine is cnitered with the vord tc be printed packed
in the accunulcoior (sce hppendix 1 for Tomi of word}. The
subroutine hos two entry points; onc [or printing the word
on a new linc ond the other for printing it on the same line.

3) Scorch for noncd progron

This subroutine is entered vith the naue of the required
progran held in the asccurmlator, On cxit fron the
subroutine the address o the first location of the progran
head is in the accunulator unless the pro-ran is not
available, in which case the content of the accunulator is
zero. This subroutine may also be uscd teo effeet an entry
other than the standard entry held in ihe progran heads



CONTENTS OF RESERVED AREL

ROUTIIE OR BLOCK

Read choaracter from typewriter.
Recd word fron typewriter.
Print word en output writer,
Search Main store,
Continue .

Input,

Forn Internal Check Sun,
lianual Interrupt.

Transfer Control.

Hoset .

Error Interrupt.

Error word print.

Conecel ,

Frec Store.

List.

Integc:r P'I'int .

Constants,.

t

This leaves six sparc locationse.

o t o 1:

LENGTH

242,15

locations

-

22l

locotions

-

The space required immediately outside the Rescrved irea for the

RAP workspace is 26 locations.

28 locations are also reserved for use by Error Interrupt, iionual
Interrupt and five control Interrupts.



TYPEWRITER RECORD 2aZels

In the following theoretical cxample the conlrol nessages are
underlineds 11 other words or synbols (apart from co nents) have been
output by the couputer,

?
COMIENT The operator will generally ask for a list of prograoms in the
store and renove those not required.

LIST

CHECK

SiP %

PRINT

5649

C/JICEL; SiP.

COMLENT CHECYX and SAP have been renoved,.

IN. ZLGOL UNCHEK.

T, DRS

COISENT. The program (OBJECT) for translation by ZLGOL is now placed under
the render.

4LGOL, OBJECT FREE STORE 4495 - 6600

END
LIST,
OBJECT
DES
ALGOL
PRINT

2105

OBJECT.

?

COMMENT. The operator has pressed the nessage button in order to placc the
correct data tapec under the reader.

COITT .

END OF PROGRALH

For o complete list of control nessages sce Lppendix 2.

= 40



APPENDIX 1 284

]

RELOC,/I/BLE BINAEY

This is o special forn of binary tape which is designed to be
read in under the Standard Input routinc. Prograns prepared in this form
nay be placed in the free storc either fron the first freec lecation upwards
(1ece FF +) or up to the last free location (i.c. LF - )e L Trenslator cxists
vhich will convert prograns from their TI forn to this binary form. Sun=
checked binary versions of cxisting ©03 Library progrens noy also be converted
with the Tronslator. These, however, are fixed progrems and ore cealt with more
fully later in this Appendixe

The decision as to whether a pro_rs: is plrcad FF + or LF - is taken
when the program is coded since this is determined by the presence of 'action-words!
(iece instruction=pairs which are immediately obeyed) which precede and succeed
the progran proper.

The Standard Input routine siuply reads a werd, nodifies it as
rneccssary, ond detects whether it is to be placed in the store or obeyed
imnedintely. The action=words are used to perforn the housekeeping
functions appropriate to the particular type of pro ran being input. These
functions are described in detail later in this 4Appencixe

The first non=blank character of all topes of this binary forn has
the value +80., This charncter noy not be produced on a flexowriter and is
therefore used to enable the Standard Input routine to rejcct tapes of the
wrong forn.

The progran being read in contains the following information:

1) Total space required by the prograon (including wnrksp&cc).
This is stored tenporarily in the first location of the
progran head,

2) The progranm neme or identificr, This nust begin with a
letter cnd is packed ns 6-bit characters in the following form:

20 2-38

i_'cm N | & M E t
SP/RE

i,ce The first 3 bits are always left spare and the none is then stored so that
eny sperc bits are at the least significant end of the locationd.

an i A one



2241

Ldthough the name must begin with a letter, the renaining
characters may be token from these detailed below.

Character Tape Value Packed Velue

L = Z 33 =~ 58 1 = 26

o - 3z 97 =122 27 = B2

c - 9 16 - 25 53 - 62
NeB, Only thé first six choracters of any nane or identificr,

are preserved, the renainder being ignored on input,

3) Main cntry to the progran in instruction form.

4) The checknble arca pointers (where possiblc) in opder

that an internal sunm check nay be nade on repeated
entry to the progran finally placed, These take
the foru:

00 (sizc of checkable nrua; : 00 (15t address of
\ less one this area),

5) The negative check sun of the tape woris.

Binary Representation

S8ix 8-bit tape characters are used to specify cach words Of these
Lt bits only 42 are actually nixed into the accunmulator, the parity bit from
each of the mix characters having been renoved. Since the usachine word length
is 39 bits, we have three spare bits on the "tape word' which arc used to
deternine how each word is nodificd by the basic cddress (.c. first locotion
of progrun} and whether it should be stored or cbeyed.

These three bits are knovm as the 'econtrol' and nre situated at
the most significant end of cach worde The first two bits indicate vhich of

the four possible modifications is required and the third bit whether the word
is to be obeyed or stored (O for obey, 1 for store).

Action word controls
Value
0 (00 0) R: Add basic nddress to both halves and obey.
2 (01 0) R:a Add basic address to 1st half and obcy,.

L (10 0) a:R  4dd basic address to 2nd half and obey,

4 (41 0) oja QObcy word as read,
- 15



1 (001)
3 (o11)
5 (10 1)
7 (111)

R:R
R:s
a:R

ao

Nornal word controls

Add basic address to halves and store.
Add basic address to 1st half and store.
Add basic address to 2nd half and store.

Flace word os read,

Functions performed by Action Words

'Pre! action words These come before the progran propers

1)
2)

3)

L)

2)

3)

L)

Clear location which holds the tape check sun,

Test whether one free location exists. If not,
output 'NOROCH', If so, set storage count of
Standard Input routine to wvalue of first free
pointer. (The space (IV) required by the progran
now printed with control 7 is thus autonatically
placed in the first free loeation-)

Forn the basic address modifier a:Be Use N to test
whether free store large enough, Output 'NORGOL!
if' not, Otherwise, reset storage count so that I
is overwritten, N is also held in the progran hecad
(for later use by the 'post' action words ).

Form the basic address modifiers R:a and R:L,

'Post' Action words

Perforn tape sun-check, If incorrect, output 'IILSUL’ and awalt
next nessage, clear Dinary flag.

Form internal check-sum (if pnsaible} and exchange with N
which is held in first location of progran head. Use N to
adjust the first free or last free pointer.

Ad just the RAP pointer and set the previous RAP pointer in the
second location of the progran head.

Store details of the prcvious FF and LF pointers in the
fifth location of the head.

-13 =
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5) Output name of progran on same line as input ncssage.
6) If no sun check is possible, cutput 'UNCHECK' on the sane
line as the input nessage.
?) Go to await next nessage if Input flog set. Otherwise obey
last action words to restore pointers for the ‘re-rcad’

FIXED PROGRAMS

The use of 'fixed' prograns is not recommended since they have
no head and, therefore, no protection apart from a tepe sum=-check on input, Here
the user nust revert entirely to the 803 systen of progran nanagenent. Instead
of being able to call a progran by nane he nust kmow the progran's position and
enter it only by messages of the forn "+N,"

Vhen o progran of this type is input, the RAP pointer, LF and
FF pointers are reset as for a clear main store in order that the RAP systen
be protecteds

The Translator will convert prograns from their sun-checied
binary forn, automatically placing the necessary cction words before and after
the progran proper. Where the caled progran is in severasl blocks, action
words will be placed to set the storege count to the required valuc.

OPTIONAL PLACING COF PROGRAMS

The Translator may also be used to prepare prograns (fron
their TI form) which are welocatable but whose position in the store is
deternined by the first paraneter of the input nessoge. These prograns have
no head and the RAP pointers will again be reset as for a clear nain store,

To place a progran of this type from location Ii onwards
the user rust type 'IN;N.' and enter by means of the instruction '}



APPENDIE 2 2,2.1,

SULLARY OF MESSAGES

The following swinmary is intended to provide the user with

a quick rcference table of all available control mnessages and their effects:-

MESSAGE .

CANCEL,.

CANCEL s ILAME

RESET »

FREE STORE,

EFFRECT,

Causes the comnputer to read a specially prepared, relocatable
binary progran tape,

The program being input replaces the progran called NAME,
This should only be used to restore & corrupt prograns

Reads a special binary tape whose position in the store is
optional (sce Appendix 1). The integer N spccifies where
the progran is to be placed,

Transfers control to the program called NAINE

Transfer to first instruction in location N,

Transfer to second instruction in location N,

Continues a program fron the point at which it was left to
obey a Manual Interrupt.

Continues a program fron the point at which it was left to
obey an Error Interrupt,

Prints ofit in 'chronological' order the nanes of the progranms
in the store beginming with the last to be stored. If a
progran is incorrectly stored its nanme is followed by an
asterisks, The size of thc available store is printed after
each list,

Renoves last progran stored,

Beginning with the last program stored, rcrnoves all prograns

as far back as and including the named prozran by changing the
RAP pointers.

Clears the main store and resets the RAP pointers,

Prints the size of the available store on thé§ output writer.

-5



CORRECTION OF ERROR CONDITIONS 2,045

The error indications which eall for corrective action by
the operator are 25 follows:-

CONDITION ACTTON
1) ERRSUM a) During input of progran tape: Read tape in ageine, No

updeting of the RAP pointers takes placc until the
check on the tape sum has becn passcd,

b) On attempting entry to a progran: sce section 3)

2) NOROOM Cancel & program or prograns until the available
store is large enough,
3) ¥ af'ter a listed There are three possible actions which nay be taken:
TOLTEll NONS,
Ei.e. corrupt a) Where store spncc is of no acccunt: Read the progran
progran) to the next ovailable space as usual. Jidthough

there will then be two versions of lhe progrem in
the store the corrupt version will ncver be found
by the scarch routine since the last progran
placed is alwoys the first to be cxanined.

b) If the prograns input aftcr the now corrupt progran
(i.e¢. above it in the list) are no longer required:

Type CANCEL; '"NAME'; « The progron ney then be read
in again,.

c) If the prograns above the corrupt progran in the
list are required;

Type L3 'NAE', having placed the progran tape under
the render. The corrupt progran and those 'above'! it
are tenporarily cancelled and then restored, on
successful input of the progran tope. The new list
of prograns is eutomatically output af'ter input of’
this typc.

If "ERRSUL" is displaycd as a result of tape-suncheck
foilure then those prograns cancelled tenporarily ore
now lost. The user is no worse off then if he had
taken sction b). He nust now resd in the necessary
tapes again.

N.B. AJotion s nust be used with great care. If a progron requiring nore store
space than that which it replaces has been input by misteke then this will befone
apparent during the output of the new 1list of prograns. The operator must

type 'RESEL', and read in all the necessory programs agoine



SIGNIFIC/ANCE OF ERROR DIGITS Ze2sla

When an error interrupt occurs the nunber which follows the word 'ERRINT' has
the significance shown beclow:

Te Floating point overflow, The instruction causing cverflow
is conpleted before error interrupt takes pilace.

2. Should nct occcur,
i 18 Parity error in the nain store. The instruction or

autononous transfer during which the error ceccurs 1is
conpleted before error interrupt takes place.

Lee Lttenpted use of o periphersl device which is nct available.

5 Attenpted inpermissible reference to the rescrved creas The
instruction containing the iupermissible refcrcnce is not
obeyed.
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