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26-Apr-84 = First RofT version.

21-may-84 = AmenBiments malle accorfling to MT's comments.
09-0ct-84 = Revisell by MT (changes to string result mechanism).
22-0Ct-84 = Becomes Issue B.

24-3Ju1-85 = Slight mofls by MT, becomes Issue C

10-Sep-85 = Further slight mofls by MT, becomes issue D
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IntroBuction

A number of compilell Tanguages have been or are being implementell on Acorn
proBucts basell on the National SemiconBuctor 32000-series microprocessors. These
inclufle Algol 68, BCPL, C, FORTRAN-77, IMP, MoBula-2 anfl Pascal. It is obviously
Hesirable Tor there to be as much compatibility between these languages as
possible, so that the programmer_is not restrictell to writing all of his program
in a single Tlanguage. An example of the usefulness oF this might be where a
large statistical analysis program, written 1in Pascal because 0Ff the
programmer's preference, might use a set of pre-written FORTRAN Tunctions to Ho
the maths processing, anfl some C library cofle to profluce graphical output. The
inter-language cal 1n$ stanflarl Befinel in this Hocument 1is intenflel to
Facilitate this sort of Flexibility.

The Tirst part of this stanflarfl is a Tanguage-inflepenflent mechanism Tor the
specification of the types of objects available, both as external Bata items,
anll as parameters anfli/or results of external proceBures. It is intenflell that all
conventional Hata anfl proceBure types hanfllel by Tlanguages conTorming to the
stanflarll may be representell using this mechanism. The mechanism is implementell:
(a) by the compilers which generate the object moBules, in provilling

this type inTformation Tor each externa% item BeFineld or referencel;
(b) by the system software controlling the inter-moule linkage process,
in ensuring type consistency between the moBules being Tinkel together.

This First part is BeTinell as an appenflix to the Hocument:
"Acorn 32000-series Softwarez Acorn Object Format"

The seconfl part - the actual cross-calling mechanism - is _a Befinition, of
the Bata structures anfl colle seguences which must be generatell by compilers so
that external proceflures may be callell in a compatible manner. The present
Hocument Hescribes this mechanism.

Note=

A1l inter-language calls unBler this stanBlarl will be meBliatell by a linker or
other system Facility, using Acorn 32000 Object Format (AOF).
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Parameters

In_the Following Biscussion, the term "argument” refers to the BHata item
actually pushell on the stack when a proceBlure is about to be callell.

A1l arguments are passell on the SP stack (typically wsing the 32000's TOS
alfressing mofle). Arguments are pushell consecutively, as either 4-byte or 8-byte
items, beTore the procellure is callefl. The orfler of pushing is right-to-le¥Tt,
i.e. the last argument in the Tist 1is pushel Tirst. Thus when the complete
argument 1list is viewell as a seguence of store locations, the First argument is
at the lowest afflress. Note that this 1is a Befinition of the orfler 1in which
arguments are pushell, anfl not of that in which the parameters themselves are
evaluatell - the latter may or may not be by the particular language in which the
call is written.

There are two basic categories of parameter; value anfl reference. In the
Tformer case, the argument is either tThe actual parameter value (a "Hirect
parameter "), or a pointer to a store location containing it. In the latter, the
argument is always a pointer to the parameter proper. Arguments are always
either 4 or 8 bytes 1long. 4-byte arguments are usell for passing pointers
(aBfAresses), integers of up to 32 bits, anfl single precision (-F) Floating point
numbers. 8-byte arguments are usell to pass integers which reguire 33 to 64 bits,
anfl Houble precision (-L) F¥loating point numbers. "Direct parameters” are
essentially intenflel ¥or simple scalar itemss; structurell items (e.g. arrays,
strings, recorfls) must be passell by pointer, as must any non-scalar parameter or
one oT more than 64 bits.

IT a Hirect integer parameter occupies Tless than the Tull number of bits
allocatell for it (e.g. a byte, passell as a 4-byte argument), it must be passell
at the Tleast significant enll of the argument. IF such a parameter 1is to be
treatell as a signell integer, the top bits o0Ff the argument must sign-extenflell
with a copy of the most significant (sign) bit of the parameter; otherwise they
must be clearell to 0. In this connection, a pointer must be treatell as a 32-bit

unsignell guantity, anfl a boolean as a 1-bit unsignell guantity.

The treatment of speciTic types will now be Bealt with.

Integers

when passell as a value parameter, an integer occupies 32 bits (stanBarf
Boubleworfl) or 64 bits (guallworBl). A 64-bit integer 1is comprisel of two
contiguous Houbleworfls, storell so that the less significant Boubleworll s at
the lower aflflress. When passing a 64-bit integer value parameter wusing MOVD
instructions, the more significant HoubleworB must be pushell Tirst to comply
with this orBlering. when passell by reference, the argument is a pointer to a
store location Taill out in the manner Bescribel above, i.e. less signiTicant
Houbleworll at Tower aBflress.
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Parameters
Floating point numbers

_ Wwhen passell by value, a 32-bit Floating item is pushell onto the stack by the
instruction=

MOVF item, TOS

so that 32 bits are pushell anl the SP is rellucell by 4.

when a 64-bit Tloating item is passefl, the MOVL instruction is usell rather
than MOVF. Thus the item pushell is 64 bits long, anfl the SP is relucell by 8.

For a Tloating point parameter passell by reference, a 4-byte pointer s
pushefl. This 1is the aflfiress of a stanBarBl machine-format Tloating item of 32
(-F) or 64 (-L) bits.

Strings

String parameters wunller this stanflarBll may only be passell by value. HMence a
callell proceBure must never molify a string parameter; however it 1is Tree to
copy the string into 1its local Bata space anfl moflify the copy, iT the Tanguage
in which it 1is written reguires this (e.g. Algol 68 Hoes not, but IMP Hoes).
This restriction may seen severe, but it arises because of the wille variety of
ways 1in which strings are HeTinell Tanguages, anll the conseguent problem of
specifying a general scheme. Since it 1is FTreguently reguirell to pass strings by
reference, chiefly between moHules written 1in the same language, the type
specification mechanism permits moHules to HeTine private string types. A
parameter to a procellure may then be Hefinel as being a reference o such a

type.
The mechanism of passing a stanBlarfl string parameter is as Tollows=
Two items are pushell on the stack: the Tirst item pushell is an unsignell
32-bit integer specifying the length of the string; the item is a pointer to the
Tirst character in the string.
vectors & Arrays
The passing of vectors anl arrays is Bifficult to stanBarBise, For reasons
relating to the specification of the various programming languages. As an
example, a two-Bimensional array is_implementell in Fortran 77 in the reverse
Bimension orfBer to that usel in Pascal, as below:
az ARRAY [1..5, 1..3] OF Integer -- Pascal
INTEGER a (1=5,1=3) -- Fortran 77

In Fortran, the element which Ffollows a(2,2) in memory is a(3,2), whereas 1in
Pascal the element a[2,2] is Followel by a[2,3].
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Parameters

Another BiTFiculty is tThat in some languages an array is HeTinell by the
aflfAress of the 0th element (e.g. C) whereas in others the lowest bounfl 0of an
array may have any value. This lealls To variations in the way in which an array
may be referencell (e.g. by the allress of the 0th element or by the afflress of
the First actual element), to proBuce the most efFicient cofle.

As a conseguence O0F such problems, this stanflarl Hoes not HeFine the
mechanism usell to pass (or, where relevant, to return) arrays or vectors. The
Hetails of these operations are 1eft to the inBiviBlual Tanguage implementation.
Mowever it shoulll be notel that such 1items may be passell using the stanflarll
mechanism, 1iF they Torm part of a recorBl-type variable. It 1is permittell To
HeTine a recorfl structure 1in which a vector (i.e. a single-Bimension array)
occurs as a Tielll. To achieve the effect of multiple-Bimensional arrays, the
elements of the vector may be BeFinell as recorfls, themselves containing vectors,
etc. Mowever this methol of workin is obviously restrictell to $1xen—size
arrays, since the (maximum size oTf a recorl must be known at Tink-time,
accorfling to this stanflarf.

Page 4 Issue D Provisional

Results
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Languages vary in the type anfl number of results which it is possible to
return from a Function. It is 1intenflell that this stanflarll will cater Tor the
majority of cases in an efficient ¥Tashion. In general, results are returnell
either in registers or via information passell on the stack. Such information is
always pushell after all information relating to parameters has been pushell. The
result mechanisms have been arrangell 1in such a way that it will generally be
possible to call anfl Hefine Tunctions with multiple results 1in (suitable
systems-type) languages which only permit single resultss this is achievell by
hanA1ing the result information as if it were extra parameter inTormation.

Scalar

IT the First or only result of a function is a simple scalar item, it must be
returnell in=

RO For a 1..32-bit integer result;

RO (Tow) / Rl (high) Tor a 33..64-bit integer result;
FO for a single-precision Floating point result;

FO / F1 for a Bouble-precision Floating-point result.

In the case of 1integer results of less than 32 bits, the result is returnell
in the least signiTicant enl oFf RO. The wunusell bits of RO must be zeroel by the
callell Function iF the result is to be treatell as an unsi$neﬂ guantity, anfl malle
egual to the most signiFficant bit of the actual result it the result is signel.
The same rule applies To the unusell bits o0F R1, ¥Tor the case of results of
between 33 anfl 63 bits.

Non-scalar

IT a function result 1is not a scalar item (e.g. a recorl or a string), the
calling roceBure must 1itselfT allocate space Tor the result, anfl pass the
affAiress of this to the callel proceBure. To return such a result, the callell
proceflure stores the value into this space using the pointer it was passell, then
returns. The Hetailel mechanism Ffor this is as ge1ow:

Strings

where a Tunction returns a Tirst or only result which is a string, the caller
must allocate a store bu¥ffer into which the Ffunction will place the characters
oFf the string immeBiately before it returns. The calling cofle must push two
items on the stack, aTter all the parameter inTformation has been pushell. The
First item pushell is the size in bytes of the buffer. This is the maximum number
oFf actual characters which may be written into the buffer by the Tunction. The
seconll item pushell is the alflress of the Tirst byte of this buffer.

when the ¥Tunction is about to return, it must ensure that the number of
characters to be returnell is less than or egual to the size of the buffer. It is
an error unless this conflition hollls, anfl this must be immeHliately inBicatell to
the calling colle by signalling. Otherwise the function stores the result into
the buffer, loafls RO with the length oF the result (i.e. the actual number of
characters that were written) as an unsignefl Boubleworfl, anfl returns.

Issue D Provisional Page 5
Results
Recorfls anfl Fixell-size array

IT a Tunction s HeFinell as returning a recorfl result, the type information
for its external symbol must specify, 1in the result part, how many bytes of
information the recorfl contains. This may be an upper bounl iFf the language in
which the function 1is written permits variable-sizell recorlls. on the
corresponfling reference to the Tunction by the calling colle, the recorll size
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given must match that of the BeFinition; this will be checkell at T1ink time.
Mence the size of the result must be known at the calling point. The seguence
Tor calling a recorl Tfunction is then:

The caller allocates a store area to receive the result; the alflress of this
area is pushell (after all parameter information has been pushell) as a single
32-bit pointers; the Ffunction is callell, anll stores 1its result value 1into the
bu¥fer whose aBflress was passelBls; the function returns.

Multiple results

Most high level language gfocenures return either no result or one result.
Mowever this stanBarfl also BeTines the mechanism to be usell to return any number
of results From a Tunction.

where a fTunction returns more <than one result, the seconll anfl any Further
results are returnell via pointers as Tor non-scalar results, even 1T they are
scalar items; only the Tirst result, if it is a is a scalar, is returnell in a
register or register pair. The hanflling of extra results Hepenfls upon the type
oFf each, as Bescribell below.

Scalars, recorfls, anfl Tixell-size arrays

For any extra result whose size 1is known (inclulling scalars), the caller
pushes a single 32-bit pointer which 1is the aflfiress of the (possibly temporary)
location to receive it. The Tunction writes the result value to this Tlocation,
via the pointer, before it returns.

Strings

For extra string results (i.e. any non-First string result) a moBiFiell Form
oF the single string result mechanism is usell.

Since there may be an arbitrary number of such results, but there are a
Timitel number of registers available, it 1is not possible in a general way to
return the actual Tlength(s) of extra string results in registers. Insteall, Tar
each extra which 1is a string, the calling proceBure pushes <three 32-bit items:
Tirst, the affiress of a 32-bit unsignell 1integer to receive the actual length of
the result string; then the size of the buffer to receive the result characterss
Tinally, the aBfAress of the buffer. Thus the stackell information is as ¥or a
Tirst or only string result, with an extra pointer item, pushell First, via which
the actual length will be returnel.

Page 6 Issue D Provisional
Results

when returning an¥ string results, a callell proceBure must ¥irst check that
no result woulll overflow the buffer which was provillel to contain it. This must
be Bone be¥ore an¥ result information at all is written to memory, anl if a
result woulll overflow then an appropriate error shoulll immeBiately be signalleR.

Otherwise the proceBlure shoulll write the characters of each string result
into the appropriate buffer, anl the Tength of the result into the corresponfling
Tength Fielll whose aflfiress was suppliel.

Result orfer

The orfler in which result information is pushell is right-to-left as for
parameters, i.e. information about the T1last result 1is pushell Tirst by the
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calling cofle, anfl information about the First result (if it reguires any, e.g. a
recorll result) is pushell last, immeBiately beTore the actual call. All result
information is pushell after any parameter information.

Issue D Provisional Page 7
Call 1instruction
A1l proceBlure calls in this stanflarl are performell by a CXP instruction. This

implies (as the HBeFinition of AOF states) that all conforming language systems
operate unfler the normal 32000 moBule mechanism.
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Return instruction
Return From a procelure is achievell by the instruction=
RXP N

where N is ‘the total number of bytes of parameter anl result information which
was pushell onto the stack by the calling colle beTfore the CXP instruction.
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Register use

None of the general registers (RO-R7) or Tloating-point registers (FO-F7) is
reguirell to be preservell across a call. mMence the calling cofle must ensure that
all important information containell in the general anfl Floating-point registers
is savell to store beTore the call is malle, anfl must make no assumptions about
the contents of these registers on return (other than those usell Tfor results).

The contents of the FP register must be preservell by the callell proceBure;
this is conventionally Hone through use of the ENTER anfl EXIT instructions. The
PC, SB anfl MOD registers are automatically preservell through the use of the Cxp
anl RXP instructions. On return ¥From a procellure the SP register must be
restorell to the state it hall before any parameter or result 1information was
pushell, this is achievell by the RXP instruction as Bescribell above. The PSR on
return is not Hefinell, i.e. no assumptions may be malle about its state.
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(1) callel proceBure=

PROCEDU

call=

Panos Technical
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Examples

RE Pl (A, B = INTEGER; S = STRING)

P1 (1, X+4, "mello™)

Calling cofle=

text

MOVQD
ADDR

MOVD
ADDQD

MOVQD
CXP

DCS

(2) callel proceBure=

PROCEDURE P2

call=

P2 (A[k+3], O.

Calling cofle=

MOVD
MOVD

MOVL
ADDR

CXP

5, TOS
text, TOS

X, TOS
4, TOS

1, TOS
P1

"mello’

(VAR X= REAL3 Y = LONGREAL; ] = INTEGER)

234567, k)

k, R1
R1, TOS

=0.234567, TOS
A%+12[R1=D], TOS
P2
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(3) callel proceBure=

FUNCTION

call=

Panos Technical

Page 11

Examples

F3 (Q = STRING; P, Q = INTEGER) = INTEGER

k == F3 (Message, j, 17)

Ccalling colles

ADDR
MOVD

MOVD
ADDR

CXP

MOVD

(4) callell proceBure=

FUNCTION

call=

@17, TOS
j, TOS

Message_length, TOS
Message, TOS

F3
RO, k

F4 (I, J = INTEGER) = INTEGER, REAL

a, Q31 ==rm4 (1, 2)

Calling collex

MOVQD
MOVQD
ADDR
CcXP
MOVD

2, TOS

1, TOS

Q+12, TOS 5 affiress Q[3] passell Tor result
F4

RO, a
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(5) callel proceBure=
FUNCTION F5 (R=
Call=
S == F5 (0.2536)
Ccalling colles
MOVL

MOVD
ADDR

CXP

MOVD

(6) callel proceBure=

Panos Technical

LONGREAL) = STRING

=0.2536, TOS
=S__size, TOS
S, TOS

F5

RO, S_length

ul

Will

ul

Issue D Provisional

Examples

parameter

size of result bu¥ffer
afMfAress of result bu¥fer

actual length returnefl in RO

FUNCTION F6 (S = STRING) = STRING, STRING, STRING, INTEGER

call=

sl, s2, s3, status == F6 (Name)

Calling colles

MOVD
ADDR

ADDR
ADDR
MOVD
ADDR
ADDR
MOVD
ADDR

MOVD
ADDR

CcXpP
MOVD

Name_length, TOS
Name, TOS

status, TOS
s3_length, TOS
=s3__si1ze, TOS
s3, TOS
s2_length, TOS
=s2__size, TOS
s2, TOS

=s1__size, TOS
sl, TOS

F6
RO, s1_length
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Object File Format
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overview

An object Tile is a seguence of one or more inflepenflent moBule Bescriptions.
Each moBule 1is in byte stream Tormat: single-byte commanfls with a variable
number of parameters Tollowing. The commanfls are instructions to a linker to
allocate anl 1initialise areas of store, anll to BeFfine the position oF global
symbols, referencell across moBules. Each moHule Hescription, unless it contains
no cofle, is Mirectly relatell to a moBule as BeTinel in the architecture of the
machine. It is reguirell that all language systems which make use of this Tormat
operate with the 32016 moBule mechanism.

overall structure of an object File
The structure of an object File may be summarisell as belows:

moHule-healler-commanfl

mofule-Hescription-commanl *

moHuTe-enf-commani

( moBule-healler-commanil
mofAule-Bescription-commanl *
moAule-enA-commanll ) *

where=
X * means an item comprising 0 or more occurrences of item X
X ? means an item comprising 0 or 1 occurrences of item X
(X
Y ) means item X Tollowell by item Y, treatell as a single item

Two Formats
Page 22



Panos Technical

This BeTinition covers two Tormats: packell format anl general Tormat. Packell
Tformat is the stanflarfl Tormat Tor use in Acorn systems; general format allows a
more ¥Flexible but Tless eTFicient Tayout of the moHule Bescription. Wwhere
possible packell format shoulll always be generatell, but in certain cases (e.g.
initial compiler Hevelopment anfl testing) general Format may be usefl. A1l system
components hanfiling AOF will hanfile packell format moBluless certain components
(e.g. the static linker) also accept general Fformat.

In packell format, there is a Tixell orfler in which the moBlule Hescription
commanfls must occur. This orfler is BeTinel in appenflix C.

In general Tormat, mofAule Hescription commanfls may occur 1in any orfler.

Comments are also acceptell in general Tormat - this may be wuseful in compiler
Testing.

Issue A Provisional Page 1
Description of Format

Notational Conventions=z

nnn base 10 number - Becimal raflix is the Hefault

bb_xxxx base bb number, where bb is in Becimal e.g. 16_2F = 47

LL..UU number range LL to UU (inclusive)

<b> byte value b - whether it is treatell as signell or unsignell is

infBicatell in the context of inAiviBual uses within the format. Bit 0
is the Tleast signiTicant bit (LSB), bit 7 is the MSB.

<<V>> 32-bit signeBl value, presentell as 4 bytes in orfler LSB..MSB.
Bit 0 is the LSB, bit 31 the MSB.

[Aa] variable length integer Fielll - this is encollell in the objects
stream in a similar way to that in which Bisplacement Fiellls are
treatell by the 32016 cPu, as Follows=

one byte is reall from the stream.

IT bit 7 of the byte is clear then
the remaining bits (0. .6) Fform a 7 bit value

else iF bit 6 is clear then
bits (0..5) anfl the next byte Trom the stream Form a
14-bit value with the 6 bits Trom the Tirst byte at the
most signiFficant enfl.

else iF bit 5 is clear then
bits (0..4) anfl the next three bytes Trom the stream (in
orfler MSB..LSB) Fform a 29-bit value.

else iF bits 0..4 are all 0 (zeros)

] the next FTour bytes in orfler LSB..MSB FTrom a 32-bit value.

else
the Bisplacement Tiell is illegal anfl an error will be
reportell.

This type of Tielll will be referrell to as a "Bisp". The
interpretation of the value (i.e. whether it is treatell as_
signell or unsignell) is infBicatell in each context where a Hisp
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Fielld is usell. Fiellls markell as being signell are hanfilell by
copying the topmost bit of the original n-bit value into the
remaining 32-n bits. In the case o uns1?neﬂ Tiellls, 0 is
copiell into these bits. Mence For a single-byte Hisp Fielnd
(7-bit, value) the values which may be representell are -64..63
iF the Tiell 1is specitiell as signell, anfl 0..127 iF unsignel;
2-byte (14-bit) BHisps encofle -8192..8191 when the Fielll is
signell, anfl 0..16383 unsignell, etc.

"sss" byte-string consisting of a length byte (c) Tollowell by C bytes
gf Hata (commonly text). A null string is representell by a single 0
yte.

..nn. byte-seguence consisting of a length Fielll [L] (an unsignel

H1sp) Ffollowell by a seguence of L bytes of information. The empty
seguence is a Bisp Fiell, value O.

< X > _conitional Fiell - the occurrence of item X Hepenlls on a
precefling item's value.

Page 2 Issue A Provisional
Description of Format
MoHule healler commanBl
o Form:

<1> <<16_32456250>> <ty e> 1[Tlength]} "name™ "time" Y"source™$}
' Y1 [Tanguage]?

0o Fiells=

Type is an 8-bit set of Flags.

Length if present is a unsignell Bisp Fiell. >= 12.

Name is an iBlentifier string, or null.

Time is a Hatestime str1n? (format BeFineld below).

Source iT present is a Tilename string (syntax system-speciTic).
InTo is a $enera1 text string.

Language iT present is an unsignell Bisp Fiell.

a ETFfect:

Defines the start of a molule. This commanl comes only at the start of
an object FTile or immeBiately after a moHule enl commanf. The magic number
is reguirell as a consistency check to refluce the risk of accillents with
Tiles which are not object Tiles.

The type Tielll specifies attributes of the moHule; the bits in this
Tield are as below:

0 r This specifies the format of the moBule. If bit 0 is 0, the
mofuTe is in general Tormat; there is no length Tiell. Otherwise the
mofule is in packell format; the length of the moBlule Bescription Follows
as a Bisp. The length is the total number of bytes FTrom the First byte
oFf the commanBl to the matching enfl-moBule commanBl, inclusive.

1 r Bit 1 specifies the case-sensitivity of the names of global
symbo1s appearing in the moflule. IF bit 1 is clear (0), moule anfl
symbo1 illentiTiers are treatell as case-insensitive; otherwise they are
case-sensitive. E.g. C anfl Moflula 2 are normally implementel with
iflentiTiers case- sens1t1ve - "sSheila" is not the same as "SMEILA",
whereas in Pascal, FORTRAN anfl IMP the case of an illentiTier is not
significant. Note "that the case of other iflentifiers, in particular area
names, is never significant.

2 = This bit may only be set if bit 0 (packell format) is set. It
1mp11es that the Bescription of each PIC, non-common area is contiguous,
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(i.e. all such areas have type bit 8 set in their Beclaration), that the
start of the Hata in each corresponfling “store block™ commanBl is alignell
(using NOP or Repeat NOP commanfls) on a page bounflary with respect to
the start of the molule healler commanfl, anfl that the moAule Hescription
as a whole is an exact multiple of the page size in length. Colle
generators are NOT expectell to proHuce moflules in this alignell malle,
since it is rather expensive in Bisc space: this bit will normally only
be set by system utilities which improve the format of FTreguently
referencell molules. The alignment mechanism allows the optimisation of
mofule loafling in VM systems so that the Hata may be pagel-in rather
than Torce-Toallel.

Issue A Provisional Page 3
Description of Format

= This bit inflicates the presence or absence of the Tanguage
Field. IF it _is clear there is no language FTielll. IT it is set then the
language Tielll is present - this contains a number inBlicating which
1an?uage generator was usell to proHuce this moBule. Each language
implementation proflucing AOF is assignell a unigue value, For use in this
Tield. This inTormation will be malle available (in a manner not BeTinell
here) at run time, e.g. For the use of Biagnostic anfl other proceBures.

! = IF this bit_is 0 then no source Tielll is present. IFf it is 1
then the source Tielll is present, anfl shoulll contain the name of the
source File Trom which the current moBule was generatel.

A1l other bits in the type Tielll are reservell, anfl must be O.

Name is an iBlentiFier Tor this moBule (rules given in appenflix A). It may be
usell by certain languages (e.g. MoBula 2) Tor consistency checks. No two moHBules
usell in a 1inkin$$operation may have the same non-null name. A null name may be
usell to avoill BiTFiculties in generating unigue names.

Time is a string in stanBarfl format giving the Bate anll time of generation of
the original object Tile. The syntax of this is specifiell 1in appenlix B. The
string may be null if the Hate anfl time of generation are not known.

Info is a text Tielll which shoulBl contain the name of the object FTile
generator, the source language name, compiler version etc.

values Tor the Tanguage Tielll are, as inBicatell, assignell wuniguely to each
language implementation. Appenlix D gives the current 1list of Tanguages For
which colfles are assignell. The corresponllence between a particular running moHule
anfl its generating language will be malle available at run time (although this
mechanism is not Hefinel here). This 1is intenflell to be of wuse in a general
mixell-language programming environment. E.g. a Biagnostic routine will wish to
Betermine whether a particular moBule 1is written 1n the language which 1t is
specifically Hesignell to hanfile.

MoHuTle enfl commanf

o Form:
<2>
o ETTect=

This colfle marks the enll of the current moHule.
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Page 4 Issue A Provisional
Description of Format

File enl commanii

o Form=
<3>
o Effect=

This commanBl marks the enl of signiTicant Bata in the Tile. The
Tinker, or other program processing an object File, will not reall past
this point in the Tile. Note that 1T a Tile enfl commanll occurs anywhere
other than immeBiately after a moHule enl commanfl, the object File is
assumell to be corrupt anfl any processing will be abanflonel. mence a
compiler may conveniently abort the generation of an object File by
Bumping this commanBl into the Tile anBl stopping. The Tile enll commanll is
optional - iF the object File processor encounters the logical enl of the
object File at a point where it woulll accept this commanfl, the effect
w111 be the same. For convenience, it is recommenflel that this commanil
sEou1n not therefore be usell, other than to abort generation as Hescribell
above.

MoHule Hescription commanfis

The Tollowing commanfls Hescribe the contents of a particular moHule anl may
only occur between a moule healler commanll anfl a moHule-enfl commanf.

Declare area
o Form:

4> <<Flags>> <align> [size] "name"
0o Fiellls:

Flags is a 32-bit set of binary ¥lags.

Align is an unsignell byte.

Size is an unsignell Bisp.

Name is either null or conforms to iBentifier syntax.

o Effect:

Declares an area of store into which items may be placell by commanfls
in this moHule nescrigtion. Areas are numberell (within a moHule) in orfler
of Beclaration - the First area Beclarell is area 1 etc. The number an
area is given is hereafTter termell its tag. Tags are usell in other
commanfls in orfler to refer to specific areas, anfl are representell in the
Tormat as unsignell Bisp Tiellls.

The inBiviBual bits in the Flags Tielll have meanings as Tollows=
0 = IT set, the area is reall-only - once Toaflell it must not be

ﬁonifien. IT this bit is clear it will be assumell that write access is
reguirell to this area.

Issue A Provisional Page 5
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= This bit being set implies that the area is position inflepenflent
- it may be Toallel at any aBfress without any chanﬁe being reguirell to
the contents. In particular, iFf this bit is set, there must not be any
relocation of items in the area, anll if the area is a colle area, the
cofle must be pure, re-entrant, anfl make all references to external
objgcts via pointers in other areas (accessell via SB, FP, link table
etc).

= Setting this bit implies that the Tinker may arrange For this

area to be sharell between BiTferent processes, i.e. there will only be

one copy oFf the area in physical memory. This reguires the area to be

position inflepenflent, since the virtual alfiress at which it resilles may

vary between processes. It is also normal only to share reall-only

grga%, ?ut this is not enforcell unless the area is a colle area (see bit
elow).

r This bit iT set marks the colle area, if any, in this moHule. Only
one area with this bit set may be Heclarell, since there is only one
pointer in the molule table to the colle area for this moHAule, anBl hence
only one area is Birectly callable by other moBules (by the CXP/CXPD
instructions). Note also that if this bit is set, anll bit 2 is set
then bits 1 anll 0 must also be set, i.e. shareable colle areas must be
position-inflepenflent anfl reall-only. IFf no area in a molule 1is Heclarel
as a cofle area, then the linker will not allocate a moHule table entry
For the moHAule, but will still create anfl initialise the Bata areas
Hescribell (given that the moBule is Toaflell, of course).

= Common area specification. IT this bit is set, this area will be
treatell as a 'common' area by the linker. That is, all moHules
specifying this area by name reference the same memory, rather than
being allocatell inBliviBual, private sections of memory. Thus e.g.
FORTRAN common blocks will have this bit set. IFf this bit is set, the
name Fielll must be non-null, i.e. the area has a global name. This
enables other moHules to reference it. This bit must not be set if bit
3 is set, i.e. colle areas may not be common.

= Common area HeFinition. IF this bit is set then bit 4 must be
set. It implies that the common area specifiell is being actually
BeFinell by this moHAule, rather than simply referencell gy it. The effect
oF this is to set the size of the area of the specifiell name. Any
moBule specifying a common block of this name must give a smaller or
egual size For it; it is an error iF the size is greater. In one link
operation, at most one "Heclare area" commanfl for a particular common
area may have this bit set. If none has this bit set, the space
allocatell to it at link time will be the largest size specifiell in any
contributing moBule.

= No initialisation. This bit is usell to inflicate to the Tlinker
whether there are commanfls in this moHule Bescription which initialise
the contents of the area being Beclarell. IF it is set, there will be no
such commanfls (store block, relocate Houbleworfl, repeat store) Tor this
area - it is an error if any are Tounl. IF it is clear, such commanfls
will be acceptell anfl actell upon; it is not an error iT there is none,
but all cofle generators shoulll ensure that this bit is set if it can
be. This bit must not be set if the 'cofle' bit is set (i.e. colfle areas
must be initialisell in some way!). This Facility is provillel as an

6 Issue A Provisional
Description of Format

optimisation so that areas whose initial contents Ho not matter (e.g. a
heap or private stack-area) neell not take up space in the image Tile.

= No external relocation. IF this bit is set there must be no
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"relocate Houbleworl”™ commanfis usin? mofles 3 or 4 in this area. Use of
this bit when possible permits the linker (or other program reafling the
File) to omit a scan of the Hescription of this area to Hetermine
the names of external symbols referencell from it.

8 - Contiguous initialisation. IF this bit is set, then bits 1 anfl 7
must also be set, i.e. the area is position inflepenflent. This bit is
usell to inflicate that the area is BeTinell as a single contiguous block
of HAata. The BeFinition of the area shoulll consist of one "set
position” commanfl, to the start of the area, Tollowell by a single
"store block" commanl, where the length of the Bata is the same as the
length of the area, as given in this Beclaration. It is an error iF
this bit is set anfl the area is not so BeTinell. This bit is provillell to
permit the optimisation of moAule Toalling in certain circumstances -
only one transfer is reguirell to set up the whole area.

AlTl other bits in the Tlag Tielld are reservell, anfl must be 0.

Align specifies to what bounBlary the contents of this area shoulll be alignell,
as a power oF 2. mence 0 here means alignment to byte bounBlary (efFfectively no
alignment)s; 1 means worll align, 2 means Houble-worll align, 3 means 8-byte a11?n
etc. The ma§imum value allowell here 1is Be¥inell by the linker (it is currently
10, i.e. 1K).

Size 1is the size of ‘the area in bytes. The specifiell amount of space,
starting at a suitably alignell affiress, will be reservell by the linker, whether
or not it is all initialisel in this moHule.

Name is a textual name to be associatell with this area. It will normally be
null unless the "common" bit 1is set, in which case it must be a valill
ilentifier, so that the area may be referrell to from other moHules. IF the
common bit is clear then the name will be ignorell. All area Heclarations in a
single Tlinking operation which reference the same common area must specify the
same Flags (except Tor the "common area BeFinition" Flag). As inflicatell 1in the
Bescription of the "moBule healler” commanfl, the case of letters in area names is
not signiTicant. The linker will arrange that all contributions to a common area
are overlaill 1in the orBler of moBule loalling. The placement of non-common areas
is entirely in the Tinker's control.

Issue A Provisional Page 7
Description of Format
DeFine global symbol
o Form:
<5> <type> [0FFset] Y} [areal ¥ "name" Y} ..type_inFo.. %
o Fiellls:
Type is an unsignell byte.

O0ffset is a signell Bisp.
Area iT present is the tag of a Beclarell area.
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Name is an illentifier conforming to the rules below.
Type_inTo iT present is a byte-seguence BeTining the symbol's use.

o ETFfect:

DeFines "name"” as a global symbol. For each global symbol referencell
by any moBule(s), there must be a HeTinition in some moBule. The type
¥1e1n BeFines characteristics of the item illentiTiell by the symbol, as

olTows=

0 = Absolute value - area is not present. O0Ffset is the symbol.
This is usefl Tor global constants.

1 = Data symbol - area is_the tag of the area in which the item
Ties, anfl offset is the Bisplacement of the item Trom the start of
that area. There is no restriction on the value of offset.

2 = Colle symbol - area is not present. Offset is the Bisplacement of
the item Trom the start of the colle area in this moule (there must be
one), anfl must lie in the range 0..(size of cofle area-1). Apart From
this there is no restriction on the value of offset. marBware
Timitations mean that Tor each mofule table entry the colle items
accessible via that entry must lie within a 64K range. Mowever the
Tinker will automatically allocate further moHule table entries in orfBler
to ensure that all cofle items within a moBule are accessible, by setting
a Bifferent program base affiress into the 2nfl (anB further) mofiule table
entries. This is transparent to object File generators; it is also not
Tikely to occur often in practice - Tew moHules contain over 64K of
cofle! This however means that cofle generators must use the provillel
mechanism to generate colle-item Hescriptors - they may not plant colle
which Bynamically constructs these, since the run-time may vary.

128 = Absolute value with type information.
129 = Data symbol with type information.
130 = Colle symbol with type information.

For ‘types 128, 129 anfl 130, the type_info Fiell is present, anBl gives
Hetailed information about the nature of the item; the format of this Tiell is
BeFinell in appenflix E. A1l other values of the type Fielll are reservell.

DeFining the symbol "$G0$" is now eguivalent to the 'Befine entry' commanfl,
except that type checking is possible.

Page 8 Issue A Provisional
Description of Format
Set position
o Form:
<6> [area] [0FFfset]
o Fiellls=
Area is the tag of a BHeclarell area. O0Ffset is a unsignell Bisp.
o Effect:
The Current Position (CP) is set to point into the image of the area

being built. CP has two components - the Current Area, CA, anll the

current OFfset, CO. This comman sets CA to the area parameter anfl CO to

the oTfset parameter. ATter the operation, CO must lie in the range

0..size(CA), anll CA must lie in the range 1..(number of areas Heclarell in
this monu1e) The initial position is area 1, offset 0 (unless there are
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no area Heclarations).

Store block

o Form=
<7> ..Hata..
0 Fiells=

Data is a byte-seguence.
o Effect:

The block of Hata which Tollows is L bytes Tong, anl is storell into
memory at CP. L must lie in the range 0..(size(CA)-CO0) . AFter the block
has been storell, L is afiflell to CO.

Repeat store
o Form:
(3> [count] ..Hata..
o Fiellls:
Count 1is an unsignell Bisp. Data is a byte-seguence.
o Effect:

This commanll is usell when a pattern of Bata occurs repeateflly within

an area in moHule, e.$+ean array of items which are all initialisell to

the same value. The eTfect of the commanBl is exactly the same as i
'count' store block commanfls with the same Hata hall occurrell in the Tile.

Issue A Provisional Page 9
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Initialise 1link
o Form:
<9> [ext_no] <mole> Y} [0FFset] ¥ 1 [area] ¥ 1"moHule"” "name"}
o Fiellls:

Molle is an unsignell byte in the range 0..7 (not 2).
EXt_no is a signell Bisp.

OFfset iFf present is a signell Bisp.

Area if gresent is the tag of a Beclarell area.

MoAule iF present is an illentiTier string, or is null.
Name iF present is an iBlentifier string.

o Effect:

This commanBl is usell to specify an entry reguirel in the Tink table
Tor this moBAule. Ext_no is an inflex into the Tink table, with the same
sense as an 'external number' in instructions, i.e. extno*4 gives the
byte offset of the entry From the base of the 1link table. Note that extno
may be negative, i.e. it is possible to have a 1link table starting be¥fore
the allress specifiell in the moAule table entry, anfl inflexel backwarfs.
This permits colle generators to be efficient in their use of external
references - they may use more byte-sizell Bisplacement values Tor the
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external number.

N.B. External entries -1, -2, -3 anfl -4 are permanently reservell, ani
must not be initialisell by this commanf.

It shoulll be notell that the allocation of space Tor the Tink table s
entirely unfler the control of the linkersz the moHule Hoes not HeFine it
itself. The Tlink table's size is workell out on the basis of the minimum
anfl maximum values of extno encountereBl in "initialise Tink" commanfls. As
a conseguence oF this, object File generators are constrainell to allocate
external numbers cont1guous1y (with the exception of entries -4..-1), anfl
To inclufle entry 0. Mence 1iF there is one external reference, it must be
through entry 05 iFf there are two, they must be via entries ’5 anfl 0, or
entries 0 anfi 1, etc. It is an error iT the same entry is initialisell
more than once.

The mofle Fiell specifies which type of initialisation is reguirell for
the given entry. In each mole only those optional Fiellls which are
relevant are suppliell in the commanf-

= the value of the entry is offset, i.e. a constant.

K the value of the entry is the aBfiress of the start of the area
whose tag is suppliell, plus the suppliell offset.

= the value of the entry is the aBiress of the global symbol BeTinell
by the name anfl moBule suppliell, plus oFFset. 0FFset is normally, but
not necessarily, 0. IT the moBule ¥ielB 1is not null, then the entry will
only be lookel For in the moBule of that name (there must be one). The
global symbol will normally be BeFinell in some other moHule, but there
1S no reason why it may not be Hefinell in this moHule.

Description of Format

= the value of the entry is a colle entry Hescriptor Ffor the global
symbo1 iflentifiel by the given moBule anfl name Tiellls. As Tor moHle 3,
the moflule Field may be null, with the same meaning. The symbol must be
Hﬁf1nenu1n some moflule, as a cofle entry. No offset Tielll is suppliell in
this molle

= the value of the entr¥Tis a cofle entry Bescriptor Ffor a local
entry point. In this case offset is the Bisplacement of the entry From
the start of the colfle area. The effect of this is as iT the entry point
hall been HeTinell as a global cofle symbol, anfl referencell by moHle 4
above, except that no external BeFfinition neell be createll for it, nor
(more importantly) neell its name be guotell. This type of entry may be
useful where an external proceBure (i.e. one callell by CXP), must be
callell from within this moAule. This is also re1evant to a language such
as C, in which all proceBures (inclufling so-callell 'static', 1i.e.

non- g1oba1 ones) must be callell by the same mechanism. A1though this
molle has been provillell for convenience because there is no "BXP"
instruction), compiler writers may care to note that an alternative
solution to this problem is to use the instruction seguence=

SPRD MOD, TOS
BSR proc

which simulates a "branch to external proceBure" instruction. The latter

solution may be more efFicient (in space terms) if the proceBure
concernell is callell only once or twice Trom within the moflule. Otherwise
the 1link table entry solution is cheaper in space terms, although
marginally slower.

r the value of the entry is oFfset = the allocatell Tength of the
common area whose taq given. This will be the largest value which was
speciTiell in any Hec arat1on of this common area. The tag must be that
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of a common area.

7 = the value of_the entr¥ is offset = the aflfiress of the First byte
beyonl the space allocatell Tor the common area whose tag is given. This
is eguivalent to the sum of the values obtainell using mofle 1 (with
0FFset=0) anfl mofle 6.
Check use
o Form:
<10> <type> "moHule"” "name" ..type_in¥o..
0o Fiellls:
Type_is an unsignell byte in the range 0..2.
MoBule is an iBentifier, or null.
Name is_an iflentiFier.
Type_inTo is a byte-seguence.
Issue A Provisional Page 11
Description of Format
o ETfect:

This commanBl is usell to check consistency of usage between the
BeFinition of a g1oba1 symbol anfl a reference to it from this moBule. It
is an error iT the symbol nameBl is not of the same basic type (i.e.
absolute, Hata or coBle), or iF the type information (if any) given at the
symbol's BeFinition is not compatible with the information specifiell
here. IFf the length of the type_inTo Tielll here is 0, then only the basic
type is checkell. Note that even iTf this commanBl is not usell, the Tinker
will still check consistency to some extent: it is an error if a symbol
BeFinell as a Bata or absolute item is referencell as a cofle item, anfl it
will issue warnings if a colle item is referencell by alfiress rather than
by Bescriptor.

Relocate Houbleworh

(o]

Form-
<11> <mofle> 3} [0FFset] ¥ Y [area] ¥ Y} "moBule"” "name" %
Fiells=

Molle is an unsignell byte in the range 0..7 (not 2).
OFfset iFf present is a signell Bisp.

Area if gresent is the tag of a Beclarel area.

MoAule iF present is an illentiTier string, or is null.
Name iF present is an iBlentifier string.

EfFfect=

This commanl is usell to statically relocate a HoubleworB in store. It
is provilledl for use by language implementations which reguire that a
pointer may be initialisell to refer to some other item in store. It is
similar to the "Initialise T1ink" commanB: the meanings of the Tiellls are
illentical but the efFfect is to initialise the Bouble warfl pointell at by
CP, rather than a specifiell entry in the 1link table. See the Bescription
oFf that commanB Ffor a Tull speci¥fication of the molles of initialisation
possible. This commanl must not be usell within an area which is Beclarell

Page 32



Panos Technical
as being position inflepenllent or shareable; in Fact its use is strongly
Riscouragell, since it complicates the overall clean architecture of the
s¥stem. It shoulll only be usell where there is no other practical solution
(Tfor example Bynamic initialisation). when this commanll is met, it is an
error unless CO is in the range 0..(size (CA)-4). ATter this commanfl is
executell. CO is steppel on by 4.

Page 12 Issue A Provisional

Description of Format

NOP

o Form:
<12>

o ETfect:

None. This commanBl Boes nothing, but its presence is reguirell to
satisfy certain constraints of packel format, in_that parts of a packell
Tormat Tile may reguire to be alignell on particular bounBaries.

Repeat NOP

(o]

Form=

<13> ..ignorel..

0o Fiellls:
Ignorell is a byte-seguence.
o Effect:

This commanBl is an extension of NOP, with the effect of making the
program reafling the Tile i$norg a number of Ffollowing bytes. It i1s meant
to save time on the part of object File generators_anll the linker, in
that they Bo not have to write (or interpret) a large number of NOPs,
but just skip that section of the Tile.

Comment
o Form:
<14> "comment"
o Fiellls=
Comment is a string of bytes
0o Effect:

_ _This commanl is usell to allow abject File generators to Bump
information which may be of use Tor Hebugging purposes. For example a
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compiler may Bump the Tine number in the source File of the statement
which generatell the Tollowing colle Tor use by a program which correlates
cofle with source. No restriction is placell on the contents of the comment
string - it will be completely ignorell by the Tinker. Comments may not
occur in packell Format.

Issue A Provisional Page 13
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DeFfine SB
o Form:
<15> <molle> } [area] ¥ [0FFset] 1 "moHule” "name" %
o Fiellls:
Mofle is an unsignell byte in the range 0..3 (not 2).
Area iT present is the tag of a Beclarell area.
0Ffset is a signell Bisp. .
MoHule iT present is an illentiTier or null.
Name iF present is an iBentifier.
o Effect:

This commanBl tells the linker how the static base Tielll in the moBule
Bescriptor(s) For this moBule shoulll_be initialisel. This commanB may
occur at most once in any moBule, unless there is no cofle area in this
mofule, in which case it must not occur at all. If there is a colle area,
but this commanBl is not given, then the linker will initialise the SB to
point at an inaccessible area of store (if_possible). The value to which
the SB will be set is Beterminell by the value of mofle, as Tollows=

0 = SB is set to the constant value given by offset. Area is not
present. This m1ght be useful Ffor example where a Bevice hanfiler moBule
accesses Tixefl-allfiress memory-mappell Hevice registers, in that the
static base coulll conveniently point at the start of these.

1 = SB is set to offset * the start aflfiress, of the area whose tag is
given. This is similar to mole 1 in the "initialise 1link" commanf.

3 = SB is set to the offset = the value of the global symbol whose
name (anl perhaps moHule name) is given.

A1l other values oFf the moHle Fielll are reservel.

DeFine entry
o Form:
<16> [0TFset]
o Fiellls=
0Ffset is an unsignell Bisp.
0 ETfect:
DeTines the global start aflfiress Ffor the program. 0Ffset is the

Risplacement Ffrom the start of the colle area of the Tirst instruction to
be executell when the program is run. This commanfl may be usell at most
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once in a moAule, anfl exactly one of the moHules bounfl together in a
Tinking operation must contain this commanfl. It is an error iT the
current mofule Heclares no cofle, or oFffset is not in the range
0..(size(colle area)-1).

Page 14 Issue A Provisional
Description of Format

This commanBl is now obsolete, but will be retainell for reasons of
compatibility. The preferrell way to mark the entry point is to BefTine a
global cofle symbol "$G0$" (see the Hescription of the 'BeFine global
symbol' commanfl).

DeFine hanfller
o Form:
<17> [oFFset]
o Fiellls:
O0FFfset is an unsignell Bisp.
o Effect:

Defines the afflress of a moBAule-local "hanBler"” routine which will be
callell prior to execution of this moAule, on termination of the program,
anl also in the event of synchronous errors (e.g. Riville by zero, illegal
instruction trap) occurring while an instance ot this moBule is active.
OTfset is the Bisplacement Trom the start of the colle area of the First
instruction to be executell in the hanfllers it must lie in the range
0..size(colle area)-1.

A hanfller is BeTinell as a piece of colle Tocal to a moAule (rather than
a general cofle aflfress), so that, shoulll an error occur Buring hanfller
execution, the environment is correct as Far as a seconfl-level hanfller is
concernell, i.e. the cause of the problem is traceable to the actual
moule whose hanfller was originally callell. In many cases the local
hanfller will be a very simple, short proceBlure which calls (via CXP) a
larger proceBlure specific to the language in which the moBule was
written. Thus the varying reguirements of languages in respect of
initialisation anfl error hanfiling may be met in a stanflarfl Tashion. For
Further Betails of the specification of hanfller routines, see the
appropriate Bocument Bescribing the runtime support system.

Define Type Dictionary
o Form:
<18> ..type_inTormation..
o Fiellls=
type_inTormation is a byte seguence

o Effect:

DeTines local (taggef) anfl global (namel) type information usell within
the moHule.

Issue A Provisional Page 15

Appenflix Az Syntax of iBlentiTiers
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In the above BeTinitions, an iBentifier must conform to the Tollowing rules:

The character set 1is ASCII. All printing characters may be usell, inclulling
space, i.e. the range of valill character values 1is 32..126. An iBlentiTier
comprises between 1 anfl 255 characters selectel Trom this range without
restriction. In respect oF case-sensitivity (i.e. whether "a" = "A"), the
Fallowing rules apply=

IT the 'case-sensitive' Flag 1in a mofule healler is set, then all moBAule anf
global symbol iBentifiers usefl in that molule are taken to be case-sensitive,
i.e. "Frell" is RBistinct from "FRED". Otherwise all names in the moBAule are
preservell exactly as they were generatell, but they are markell as case-
insensitive. When two strings are to be comparell, the Flags of both names are
testell, anl only iF both specify case-insensitivity 1is the comparison case-
insensitive (i.e. the 1iBentiTiers are refucel Tto the same case beTore
compargson). Otherwise case must match precisely ¥for the eguality Ttest to
succeefll.

Page 16 Issue A Provisional
Appenllix Bz Syntax of Hate anfl time strings
The Tormat of a Hatestime string is=

"YYYY-MM-DD MM-MM:SS"
or "YYYY-MM-DD MM=MM:SS.CC"

where=
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YYYY 1is the year as 4 Higits AD.
MM s the month of the year in the range "01" .. "12"
DD 1is the Bay of the month in the range "01" .. "31"
MM is the hour in the range "00" .. "23"
MM 1is the minute in the range "00™ .. "59"
SS 1is the seconl in the range "00" .. "59"
CC 1is the centiseconl in the range "00" .. "99"
The centiseconl Fiell (i.e. ".CC") 1is optional, but shoull be incluflel ¥
possible, to proville greater precision.
Issue A Provisional Page 17
Appenflix C: Packell Format
In packell format, the orfler 1in which commanfls may occur restrictell. The

Tayout of a packell Format moHule
molule-healler --
ReTine-entry ? --
BeFine-hanfBler ? --
BeFine-SB ? -
Befine-type-Bictionary ? --
ReTine-global-symbol * --

ReTine-global-symbol * --

Hescription 1is=

the type Tielll has the packeB-Tormat

bit set, anfl the size Tiell is present

iF this moAule Befines the entry point
using the o1l mechanism

iFT this moAule BeTines a hanfller entry

iF SB is BeFfineld Tor this moHlule

iF one is reguirel

any cofle symbol Be¥initions (types 2, 130)
"$G0$" must be BeFinel First, 1F at all
any Hata or absolute Befinitions
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init-1ink/check-use *

init-1ink/check-use *

Beclare-area *

Beclare-area ?
Beclare-area ?

Beclare-area *
area-lescription *

moBule-enll

Page 18
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any initialise link commanfls using

molle 4 (external cofle Hescriptor) must
occur here; any check-use commanfl for a
particular symbol shoulll occur immeBiately
after the corresponfling "init-1ink" commanfl
commanls using all other mofes here - again
with any "check-use" commanBl Fallowing the
"init-1ink™ corresponfling to it

areas with external relocation (i.e.
containing 'relocate HoubleworR'

commanfls using mofles 3 or 4)

colle area, iT there is one anll it has

not been Beclarell alreall

area for sB, iT SB is ﬂe¥ineﬂ using mofle

1, anll area has not alreally been Heclarell
all other areas

area Hescriptions, in the same orBer in
which they were Heclarel.

Issue A Provisional

Appenflix Ds Language Colles

Current language implementations anBl colles have been assignell as below:

Note=

Language Implementation

"Unknown"
Algol 68C
BCPL

FORTRAN-77
IMP

Lisp
MoHula-2
Pascal

The "unknown" colle is Tor

use where conformance o the Acorn

HOWONOUVAWNHO

.
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language calling stanflarfls is not unfler the control of the speciFic 1anguaqe
generator. Mence e.g. assemblers (in particular the zASM 32016 assembler) will
use this colle, although they may proville the faci1it¥ to specify a language
colle, if a given piece 0F colle 1is intenflell to 1interface Birectly to a known
language.

N.B. THMESE CODES ARE ASSIGNED SOLELY BY ACORN COMPUTERS LTD.

Issue A Provisional Page 19
Appenllix Ex Type BeFinition Format
This appenBlix Befines the Tormat of type-Bescription information which shoull
be generatell by compilers to inflicate the type of all the external items BeFinell
in, or referencell from a moHule.

Syntax of Hescriptions=

1=x=% Bescriptor Ffor type X

[V] unsignell integer Bisp Fiell

"sss" byte-string Fielll

? tagl. alternative: selectell on initial unsignell integer Bisp Fiell
f1l having value 0 for case 1, 1 for case 2 etc. ]

/ tag2. tagl, tag2 ... are Hescriptive text for_each alternative
T2 , T2 ... are the BeFinitions of the alternative structures

5

X * exp multiple Fielll - 'exp' occurrences of item X

| comment text
Descriptions:

! Paﬂﬂing - this may be usell (typically) in recorll Bescriptions Tor the
I case where Fiellls are alignell internally in the recorfl

pafifling = [0]
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[number of bits of paBfling]

Lowest level of BeTinition - usell where the interpretation of a Hata item
cannot be given - e.g. BCPL "worls"”, which have no implicit type
Raw-binary = [1] ) o

[number of bits in item]
Stanfarf-type string - passell by value, or returnell as a function result

String = [2]

General integer

Gen-Int = [3]
? unsignefl
/ signell
?

[number of bits in integer]

Page 20 Issue A Provisional

Appenflix Ex Type BeTinition Tormat

Stanflarll machine Floating point types

Floating = [4]
? Tloating. I 32 bits
4 long. | 64 bits

Conventional pre-BeFinell types - these are essentially abbreviations for
(anl hence compatible with) the corresponfling general integer type above

S-Int = [5] I 32-bit signel integer
S-Short = [6] I 16-bit signeB integer
S-Byte = [7] I 8-bit signelBl integer
U-Int = [8] I 32-bit unsignell integer
U-Short = [9] I 16-bit unsignell integer
U-Byte = [10] ! 8-bit unsignell integer
compounll types
vector = [11] I single-BHimension contiguous array
? Tixell bounfls.
[1o bounfl]
[hi bounf]

4 variable bounfis.

i:e1ement type-¥

[12] ) | multi-Bimension or non-contiguous
[number of Bimensions]
? Fixell bounBs.

Array
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| bounfls below as= A (L1..m1, L2..mM2, L3..M3 etc)
([To bounA] [hi bounfl]) * number of Bimensions
4 variable bounfs.

Recorfl = [13]

? untypel.
[size in bytes]

/ typefl
[number of Fiellls]
1=Fiell type:} * number of Fiellls

/ namell = tygen
[number of Tiellls]
("Field name"” 3=Field typez} ) * number of Tiellls

variant = [14] )
[number of alternatives] ]
Y-alternative type:} * number of alternatives

Issue A Provisional Page 21

Appenflix Ex Type BeTinition Tormat

Restrictell [15]
1=integer type=Y [1o bounBl] [hi bounfl]
? subrange.
/ enumeratel.
? weak BeFinition.
/ strong Befinition.

"element-name” * Chi bounfl - 1o bounfl = 1)
?

Pointer

[16]
1= referencell type:?

[17]
"type-name"
1=BeFinition=%

Namell-type

Name-refT

[18]
"type-name"

Taggel-type = [25]
[moBule-Tocal tag]
1=BeFinition=}

Tag-ref = [26]
[moBule-Tocal-tag]

I stanflarll procellure

Procellure = [19]
[number of results]
Y= result type=} * number of results
[number of arguments]
Yzargument typez} * number of arguments

| Flexible procellure i.e. one that takes a variable number of parameters.
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These are removell by the calling cofle anl not by the callell proceBure.
This is an extension anfl is intenflel For use by C. Flexible procelBlures are
compatible only iF the result types are compatible; they are not
compatible with any other proceBures.

Flex-proc = [20]
1= result type:%
General untypell pointer - e.g. ADDRESS type in MODULA-2
Alflress = [21]

Page 22 Issue A Provisional

Appenflix Ex Type BeTinition Tormat

Nil parameter - Tor use by F77 when no Fformal/actual parameter passeflz F77
colle conventions reguire that 1 BoubleworB is always pushell before the
CXP. Nil is BeFinell to be a HoubleworB with value 0, For this purpose.

Nil = [22]

Language-speciTic type collest Private reguires that the callell proceBure
must be in the same language as this one. Non-stanflarfl is a general
extension. The semantics ot these two cofles is not yet HeFinefll!!

Private = [23]
[Tanguage-cofle] | must match
[type-Hesc-length]
1= language-speciTic type Bescription:}

Non-stanflarfl = [24]
[type-colle]
[type-Hesc-length]
1=non-stanflarf type Hescriptionz?%

Page 42



Panos Technical

Issue A Provisional Page 23

Page 43



Panos Technical

Acorn 32016 Seconll Processor
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(c) Copyright Acorn Computers Limitell 1986
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calling PANOS Stanflarfl ProceBures From C

This Hocument contains the information reguirell to write C programs which call
the operating system procellures Hescribell in the Panos Programmer's Reference
Manual; it explains how the pseullo-language usell in that Bocument o Hescribe
Panos proceflures corresponfls to the Tunctions anfl Bata types available in C.

Note that some Panos operations are also provillel by C Tibrary Tunctions which
Bo not neeBl to be calleBl in a_special way: For example, getenv() can be usefl to
get the value of a Panos global string variable, system() calls the Panos
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commanl Tine interpreter to_ process a commanfl string, exit() calls Stop, anfl
malloc() performs storage allocation.

Declaring Panos ProceBures

A C_ program must contain explicit Heclarations of all external Functions it
calls which are not written in C; ‘this inclulles all of the Panos stanflarfl
procellures, which are written in MoHula-2.

Declarations of non-C functions must contain the keyworfl asm, as shown 1in the
examples below. This is important: unpreflictable run time errors will occur if
the asm keyworHB is omittel.

extern voill xSelectInput() asm; /* no result */

extern int SelectInput() asm; /* int result */
extern DeleteFile() asm; /* int by Befault */
Data Types

The corresponllence between the Hata types wusell in the Panos Programmer's
ReFerence Manual (INTEGER, CARDINAL, STRING anfl so on) anfl the Hata types
available in C is shown in the table below, anfl illustratell in the example
sections which Follow.

Panos Type C Type

INTEGER int

CARDINAL unsignell int

ADDRESS any pointer type, e.g. (char *), or int
BOOLEAN int (0 is FALSE, 1 1is TRUE)

MIDDEN int

RECORD(format) any Struct type

STRING see section on String Parameters below
PROCEDURE see section on Procellure Parameters below

Error Detection

Most Panos stanflarB proceBlures are Ffunctions which return an integer status colle
inficating whether or not the reguestell operation was performell successTully. A
negative status cofle inficates Tailure (the value is a stanflarB Panos error
number)s a zero or positive value inflicates success.

-1 -

Panos proceBlures whose names begin with the letter X (e.g. XFinfiInput) hanfile
error conflitions Bifferently. IF an X proceBlure returns to 1its caller the
operation was successful. I¥ an error occurs, control Hoes not return to the
caller: insteall, a Panos exception conflition 1is signallell. Conflitions can be
trapgeﬂ unfler program control using the stanflarfl proceBlures Bescribell in Section
11 of the Panos Programmer's Reference Manual (ConBition Manfilers). ConBitions
which are not trappell cause output of a Biagnostic traceback showing the state
of the program at the time of the error; execution is then haltell.

Either error hanflling technigue can be usell in C programs: the programmer can
choose whichever is more convenient (status cofle or signal).
Simple Examples

The easiest Tunctions to call are those with integer-Tike arguments anl results.
The C program below uses Panos to 10 ranflom numbers.
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extern unsignell int Ranflom() asm; /* obligatory */
main()

unsignell int r; /* i1.e. CARDINAL */
int 1is

For (i =035 i <105 iww) }
r = Ranlom()3;
print¥("%u\n", r)s

3

IT you prefer, this can be tilliell up a bit by ysing C's_typellef Teature to
HeTine the type CARDINAL as eguivalent to (unsignell int).

typelleT unsignell int CARDINAL;
extern CARDINAL RanBlom(} asm;

main()

CARDINAL rs

int 15

For (i =035 i <105 i) }
r = Ranflom()3;
print¥("%u\n", r)s

Multiple Results

some Panos fTunctions return more than one result, e.g. the Allocate function
returns a status cofle anfl a pointer to the block of storage allocatel.

Allocate(INTEGER: Size);
INTEGER: Result
ADDRESS=: BlockPointer

-2 -

In FTact, only the Tirst_result (INTEGER:Result above) is returnell as a proper C
function result. For all the others the calling routine must pass pointers to
variables where the extra results will be storell. These extra ar?uments 0 at
the beginning of the argument 1list, so the Ffunction synopsis For Allocate looks
Tike this=
typeBeT char *ADDRESS; /* a pointer */
int Allocate(BlockpPointer, Size)
ADDRESS *BlockPointers;
int Sizes
You coulll write a version of the C Tibrary Tunction malloc() basell on Allocate.
extern int Allocate() asm; /* returns status cofle */
ghar *malloc(nbytes)
char *block; /* points to_allocatell space */
iF (Allocate(&lock, nbytes) < 0) /* Failell */
return(0);

else
return(block)s;
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Multiple extra arguments are written 1left to right, in the orfler they appear in
the Panos proceflure BeFinition. (IncluBling STRINGS anll RECORDS, see below). For
example, the 0OSByte procellure returns Four results. Its BeFinition is

0SByte (CARDINAL=ByteNo
CARDINAL= Paraml
CARDINAL=Param2); INTEGER=Result
CARDINAL=Resultl
CARDINAL=Resul1t2
BOOLEAN=CBit

In C this becomes

int OsByte(Resultl, Result2, Cbit, ByteNo, Paraml, Param2)
unsignell int *Resultl, *Result2, ByteNo, Paraml Param2;
int *Cbit;

STRING Parameters

Many Panos proceBlures reguire STRING arguments, or return STRING results.
unTortunately, a Panos STRING 1is HBifferent ¥rom a C string. C strings are
representell by a (char *) pointer to an array of characters, terminatell by a NUL
("\0") character. A Panos STRING 1is representell by two valuess a (char *)
pointer to an array of characters, anfl an integer which is the length of the
string.

This means that to call a Panos routine with a STRING argument a C program must

pass two actual arguments: a pointer to the string, anBl the length of the string
(obtainell using the C library ¥unction strlen).

-3 -

The example program below uses the Panos XxDeleteFile routine to BHelete a 1list of
Tiles whose names are reall in Trom the stanBlarB input stream.

extern voill XpDeleteFile() asm; /* no result */
main()
char Fname[64]5
while (gets(Tname)) /* reall File name */
XDeleteFile(fname, /* pointer to string */

s strien(fname))s /* length at string */

This program is Flawelz it will give a ﬂia?nostic traceback anll stop iFf it Tails
to Belete a File (perhaps because the File Hill not exist). The program below
corrects this problem. It calls DeleteFile rather than XDeleteFile, anfl checks
the status cofle returnell by Panos to see iT the Tile was successTully Beletel.

extern int DeleteFile() asm; /¥ returns status colle */
main()

char Tname[64]5

while (gets(Ffname)) 1}

iF (DeleteFile(fname, strlen(fname)) < 0)
printf("can't Helete %s\n", Tname);

STRING Results
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Some Panos proceBlures return STRING results. Each STRING result reguires three
extra Ffunction arguments= a pointer to a buffer where the result string is to be
written, an integer inflicating the size of this buffer, anll a pointer to an
integer variable which will be set to the actual length of the string. The extra
arguments go before normal arguments.

The program below prints out the current operating system version number by
reaﬂ1ng the contents of the Panos global string variable SyS$version using the
GetGlobalsString "proceflure, Befinell as
GetGlobalstring(STRING=GlobalStringName)s;
INTEGERZResult
STRING=GlobalSstringvalue
Mere is the program.

extern int GetGlobalstring() asm,
Stop() asm;

#HeTine MAXLEN 128

mainQ)

char_bu¥ [MAXLEN]; /* bu¥fer Tor result string */
int len; /* actual length of string */
int status; /* Panos error colle */

-4 -

iF ((status =
GetGlobalstring(bu¥, MAXLEN, &len, /* GlobalStringvalue */
"sys$version”, 11), /* GlobalStringName */

< 0) /* Failell */
Stop(status)s;
buf[1en] = "\0's5 /* convert buf to C string */

print¥("Panos version: %s\n", bu¥)s

There are several points to note about this example.

First, the arguments corresponﬂin? to the STRING result (Globalstringvalue) go
before the normal arguments (GlobalStringName).

Seconll, a constant string input argument ("SysS$version") is passell as a C string
Titeral (the C compiler generates a pointer to the Tirst character of the
string) anfl a constant length count (11).

Thirfl, the GlobalStringvalue returnel by Panos in the array "buf' 1is not
automatically terminatel by a '\0' character. Insteall, the "len" argument is
assignell the actual Tength of the string value returnel. So beFfore using "buf"
as a normal C string (by passing it to printf), the program must write a '\0'
character at the enll of the string.

Bewares there is an important special case of STRING results, where the STRING
is the First (or only) result of a Panos Tunction. In this case, only the string
result buffer anl maximum length count are passell to the procellure as extra
arguments. The actual length is returnell as the integer result of the Tunction.
For example, the program above coulll be rewritten to call XGetGlobalString
rather than GetGlobalString. The Befinition of XGetGlobalString is

XGetGlobalsString (STRING: GlobalStringName)s
STRING=GlobalStringvalue

The new program woulll Took 1ike this.

extern int XGetGlobalstring() asm;
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#AeFfine MAXLEN 128

main()
char_buf[MAXLEN]; /* bu¥ffer Tor result string */
int lens /* actual length of string */
int status; /* Panos error colle */

len = XGetGlobalstring(bu¥, MAXLEN, /* GlobalStringvalue */
"sys$version”, 11)5 /* GlobalStringName */

buf[1en] = '\0'5 /* convert buf to C string */

print¥("Panos version: %s\n", bu¥)s

RECORD Parameters

RECORD parameters corresponl to C Struct types. For each RECORD argument the
caller must pass a pointer to an appropriate struct variable. RECORD results are
hanfilel as for other Bata types: the caller passes pointers o variables where
the results will be storeBl; Tthese extra arguments go before the normal
arguments.

The example below uses GetFileInformation to examine a Tile whose name is given
on the commanBl Tine.

extern int GetFileInformation() asm,
__TextualTimeOFBinaryTime() asm;
extern voill Stop() asm;
main(argc, argv)
int argcs
ghar *argv[ls
struct BTim Y} unsignell int Low, Migh ¥ Bate;

struct FileData }

unsignell int Toaf_affAr, /* Tloall affress */
exec_affAr, /* execution aflflress */
len, /* File length */
attrs /* BBC Filesys attribs */
% cats
char s[128]5 /* string result buffer */

int len, status;

iFT (status =
GetFileInformation(&cat, &fate, /* results */
argv[1l], strlen(argv[1l])) <O
Stop(status);

iF (status =
TextualTimeOTBinaryTime(s, 128, &len, &fate) < 0)
Stop(status);

s[len] = '\0'5

print¥("%s= %0 bytes, (%s)\n", argv[1l], cat.len, s);
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PROCEDURE Parameters

Panos PROCEDURE type parameters corresponl to C function pointers.
Consiller the Panos ArgumentInit proceBure.

ArgumentInit(STRING:KeyString
BOOLEAN- Inputwantell
BOOLEAN- Outputwantel
STRING= Ifentification
PROCEDURE=MelpProcellure);
INTEGERSResult
MIDDEN:Manfle

-6 -
In C, this becomes

typellef int BOOLEAN;
#feTine TRUE 1
#Be¥ine FALSE O

int ArgumentInit(manlle, KeyString, KeyStringLen, Inputwantel,
Outputwantell, I8, IfLen, Mmelp)

int *manflle, *KeyStringLen, *IHLens

BOOLEAN Inputwantell, Outputwantell;

char *KeyString, *IN;

voill (*melp) O3

An example using ArgumentInit is given below.
#inclulle <sthio-h>

extern int ArgumentInit() asm;
extern voill Stop();

typelef int MIDDEN;

#fAeTine TRUE 1

static char keystring[] = "Source/A/E-rof",
iflent[] = "roff v1.2"5

main()

MIDDEN hanfile;
extern voill help()s
1Nt status;

iF ((status =
ArgumentInit(&hanfile,
keystring, strlen(keystring),
TRUE, TRUE,
iflent, strilen(iBent),
&help)) < 0)
Stop(status);

¥
?e1p()
Fprintf(stherr, "roff text FTormatter\n")s;
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Panflora Definition
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1. IntroBuction

The main purpose of Panflora 1is to allow programs running an the 32016 seconfl
processor to have access to the BBC operating system. It Hoes this by generating
the necessary interface to the TUBE via which the BBC MOST anfl 32016 SLAVE
communicate.

Panflora enables the BBC machine to be usell as an I/0 processor without reguiring
the wuser to have any knowlelilge of the Tlow-level tube interface protocols.
Panflora takes over the harBware Dispatch table anfl Filters out all interrupts
pertaining to the TUBE beTore passing the remainfler on to the user via the
"virtual" Dispatch table (see section 2.3)

Certain Tube interrupts corresponfl to EVENTS signa11eﬂ b¥ the 1I/0 processor.
Events of this type inclufle the timer event anfl the buffer Yull event. ATl these
events are enablell explicitly via the OS_BYTE reguest to the BBC MOS.

There is another class of EVENTS which Ho not Hirectly corresponl to OS_BYTE
reguests; events of this type are enablell using the OS_CONTROL call. For example
one may reguest that an event is receivell every time the escape Flag is upHatel
(see section 2.2). 1In afflition, this class 1inclulles events which cannot be
attributell to a specific reguest to the Panflora. For example, Panflora is unable
to Hetermine the originating OS_WRCM reguest when the host signals a "Can't
extenll error" whilst spooling. There is an aflflitional problem because sometimes
I/0 errors can be incorrectly attributeB to an otherwise error free SvC call. To
avoill this problem spooling shoulll be avoillel.
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The Tollowing section Hescribes in Hetail how to use Panflora to gain access to
the Tunctionality of the BBC microcomputer.

Section 3 Bescribes entry to the control program.

Issue B Provisional Page 1
2. User Interface to Panflora

The reguestor calls the pPanflora by executing a SVC instruction. For Hirect
calls, the byte Tollowing the SVC 1instruction is the SvC number. whereas, Tor
infirect calls the byte Tollowing has the value 16_00 anfl the SVvC number s
containell in RO(B). IT the SVC number is a valill one, then Panflora passes the
reguest onto the BBC MOST.

Panflora is also enterell when the NS32016 signals an exception conflition. Panflora
is enterell via the NS32016 Dispatch table anl HBeals with any exceptions relevant
to the operation oFf the TUBE. Other exceptions are passell onto the control
program, control inflirecting via the virtual Dispatch Table.

There are Tour classes of SvC calls=

(i) MOS REQUESTS )
Calls to reguest an operation by the host I/0 processor.

(ii) EVENT CONTROL CALLS ] _ _ o
Calls to mechanise the enabling, Bisabling anfl receiving of events.

(iii) VIRTUAL DISPATCM TABLE MANAGEMENT CALL )
A call to BeTine the position of the virtual Dispatch Table.

(iv) MISCELLANEOUS _
Calls to control kernel operation.

The MOS REQUEST SVC calls are Bescribell 1in Hetail in Section 2.1. The EVENT
CONTROL calls are presentell in Section 2.2 anfl, 1in Section 2.3 the vVirtual
Dispatch Table is Hiscussel ‘together with the associatel SvC call. The
miscellaneous calls are Bescribell 1n section 2.4.

For easy reTerence the various SVC calls are Tistell in Appenflix A. 1In this
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Hocument the Tollowing conventions apply=

o Numbers not in Becimal are prefixell by their base. For example 16_1A is
Hecimal 26.

o Characters are presentell in ASCII colle (see P 492 of BBC User Guille).

Page 2 Issue B Provisional
2.1 MOS REQUESTS

The control program gains access to the Tunctionality of the host I1/0 processor
by putting the appropriate values in the NS32016 registers anll then executing a
SVC 1instruction.

For several calls to Panflora the reguestor is reguirell to pass pointers to Hata
structures. For example, OS_STRING reguires that Rl shoulll point at the string
to be output. Panflora assumes that all Bata structures (inclufling the byte
Tfollowing the SVC instruction) resille within the supervisor space. OF course,
when no MMU is present then both supervisor anll user alllresses are the same anfi
therefore this restriction is not visible.

In the Bescription of the operating calls which Follow, all registers anfl Flags
are preservell unless otherwise statell.

An error is inflicatell by a return with the F bit set, in which case R1(D)
contains the error number. Error numbers 1in the range -1 to -256 are returnell
when an error is Hetectell on the I/0 processor, (i.e. the least signiTicant byte
of R1 is the byte error colle returnell by the host anfl all other bits of R1(D)
are set. Panflora performs certain checks itself anll if it Hetects an error then
it returns an error value in the range 256<=R1(D)<=511.

It shoulll be notel that some of the reguests may cause unattributable errors to
occur. Far example, a OS_WRCM whilst spooling can result 1in a "Can't extenll
error" which may cause an EVENT (see Section 2.2).

RESERVED SVCs
SVCs 0-127 are reservell for use by Acorn.
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2. User Interface to Panflora
2.1.1 0S_WRCH
0 SVC colle =1
o Effect:

write character to currently selectell output stream(3) selectell with
OS_BYTE call 03.

o On call=
R1(B) contains character to be written.
0 On Return=

F bit clear always. All registers unchangel.
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2. User Interface to Panflora
2.1.2 OS_STRING
0 SVC colle = 2
0o ETfect:
write character string to the currently selectell output stream(s).
o On call=

R1(D) is a pointer to a string of characters.
R2(D) is length.

0 On Return=

F bit clear always. All registers unchangel.
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2. User Interface to Panflora
2.1.3 OS_ASCI
0 SVC cofle = 3
0o ETfect:
write character to currently selectell output stream(s). IT character is
a carriage return (ASCII 16_0D) then a line Teell (ASCII 16_0A) FolloweR
by the carriage return is output.
o On call=
R1(B) contains character to be written.

0 On Return=

F bit clear always. All registers unchangell.

Page 6 Issue B Provisional
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2. User Interface to Panflora

2.1.4 OS_NEWL
0O SVC colle = 4
o ETFfect:

writes the current newline string to the output stream(s), (see
0S_SETVDU Tor Hetails)

o On call=
No call parameters.
0 On Return=

F bit clear always. All registers unchangell.
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2.1.5 OS_INLINE
0 SVC cofle = 21

o Effect:
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Output an inline string with effect as OS_STRING.
o On call=

A byte string of Tormat <length><string to be output> Follows the SvC
instruction in store.

0 On Return=

F bit clear always. All registers unchangell.
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2. User Interface to Panflora
2.1.6 OS_RDCH
0 SVC cofle = 5
0 Effect:

Realls a character Trom the currently selectell input stream. The input
stream can be selectell with OS_BYTE 16_02.

o On Call=

No call parameters.
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0 On Return=
IT F bit clear then_the reall was successful anfl R1(D) contains the
character reall (in least s1gn1f1cant byte). If F bit set then error or
escape has been Hetectell anfl R1(D) contains error cofle (=16_11 For
escape) .

Notes: IT an escape_conflition is Hetectell than it must be acknowlelgell
using an OS_BYTE call 16_7E.
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2.1.7 OS_BYTE
0 SVC colle = 6
o Effect:

Invokes a miscellaneous set of operating system calls on the Mmost (the
OSBYTE or FX commanfls of the BBC Microcomputer).

The mapping between the osbyte calls Bescribell in the BBC machine user
guille anfl their Panflora counterparts is=

o On call=
The call Tunction (6502 A register) is placell in R1(B).
Parameter 1 (6502 X register) is placell in R2(B).

Parameter 2 (6502 Y register) is placell in R3(B).
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0 On return=

The F bit is clear iT no error occurrefl. The valiBlity Flag (6502 C Tlag)
is placell into the C bit.

Calls type 0-16_7F return=
R2(D) contains zero extenflel result (6502 X register).
Calls type 16_80-16_FF return=

R2(D) contains result 1 (6502 X register) in b0-b7 anll result 2 (6502 Y
register) in b8-bl5.

R3(D) contains zero extenBeB result 2 (6502 Y register).
Exceptions to this rule are=
call 16_82 - R2(D)=0 (inflicating client, not host, memory)

Call 16_83 - R2(D)=Lowest affiress not allocatel Tor use by Panflora (see
sections 3, 4).

Call 16_84 - R2(D)=ANAress of the First byte of Panflora high memory
workspace.

Call 16_9D - changes no registers.

Page 10 Issue B Provisional
2. User Interface to Panflora
2.1.8 0OS_WORD
0 SVC cofle =7
o Effect:

Invokes a miscellaneous set of operating system calls on the MOST. unlike
OS_BYTE calls these calls all reguire a control block.

On entry to the routine R1(B) contains the 0S_WORD Function reguirel.
R2(D) points to the control block.

A Tist of OSWORD calls available 1is in Appenflix B. Note that the ¥format of

the control block for OSwWORD 0 is Bifferent to that wusell when calling OSWORD
on the BBC MOST.
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2. User Interface to Panflora
2.1.9 0S_CLI
SVC colle = 8
ETfect=
Senfls a line to the BBC mos commanfl interpreter in the MOST.
on call=
R1(D) points at commanBl Tine. R2(D) is length.
On Return=

IT F bit clear, commanl executell successfully anll all registers are as on
call.

IT F bit set, error Betectell whilst executing commanl. R1(D) contains
error number. Error messages can be reall using OS_ERROR. IF the error
colle is 16_104 then LOADs Trom within 0S_CLI have been prohibitell anfi
this call attemptell such a LOAD (see section 2.4.6).

IT a program to be ToaleBl anfl run has a valill 32016 healler then the

program is enterefl in supervisor mofle as a control program. Otherwise it
is enterell with the same status (PSR) as caller.
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2. User Interface to Panflora
2.1.10 OS_FILE
0 SVC cofle = 13
o ETfect:
Loalls anfl save Hata to a Tile anfl realls/alters catalogue information.
o On call=

R1(B) contains a OS_FILE FTunction number (see below)
R2(D) points to FTile/Birectory name

R3(D) length of name

R4 (D) contains loall alfAress

R5(D) contains execution affiress

R6(D) contains the Data start aflfiress or length
R7(D) contains the Data enll alfilress or attributes

0 On Return=

F bit clear: successTul reguest ]
register contents BepenBl on OS_FILE Ffunction

F bit set: error Hetectell by MOST whilst executing commanB
R1(D) - error number returnell by I/0 processor (MOST).
Error message can be reall using OS_ERROR
all other registers unchangell

OS_FILE
FUNCTION

16_FF LOAD File to given affress/Tile's aBfress.
The Tow b%te oF the execution aflfiress (R5B) Hetermines
whether the Tile shoulll be Toalflell to it's own affiress
(if non-zero) to be the suppliell loall affAress (if zero).
The Tile's catalogue inTormation will be written into the
registers, see item 5.

16_00 SAVE Bata to File (no willl carfls are allowell in the File_name).
IT start affiress = enll aflfiress then the Hata is of zero length.
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The FTile's catalogue information will be written into the
registers, see item 5.

16_01 WRITE catalogue inTormation Tor Tile (no willl carlls are allowell
in File name). ]
Length inTformation is not alterable.
16_02 WRITE the loall aflfiress to the catalogue information.
only the Loall aflfress 1is reguirel.
16_03 WRITE the execution aflfiress to the catalogue information.
only the execution aflflress is reguirel.
16_04 WRITE the attributes to the catalogue information.
only the attributes are repguirell.
Issue B Provisional Page 13
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16_05 READ File's catalogue information.
The Loall aBfiress (R4 D), Execution affiress (R3 D), Length
in bytes (R6 D), Attributes (R7 D) anfl Type (in Rl D) are
returnell for the particular File.
16_06 DELETE the Tile (no willl carfls are allowell in the Tile name)

anfl return catalogue information.

The attribute of a File is a ¥4 byte (32 bit) item whose bits refer to
the state of various protection Tlags, anfl other catalogue information.
Filing systems may not use same of the ¥lags.

The bottom 8 bits have the Tollowing meanings=

bit

OHNWAUVIOYN

meaning

The ¥ile is executable by other users.
The File is writeable by other users.
The ¥ile is reaflable by other users.
The File is lockeR.

The ¥ile is executable by you.

The File is writeable by you.

The File is reaflable by you.

Filing systems with Bate information available place it in the remaining
24 bits (or a subset of them). Otherwise, they shoulll be returnell as O.

The Type in R1(D) Hescribes the object which was Tounhb-

Type 0 is no object Founfl
Type 1 is Tile Tounll
Type 2 is Birectory Founfl
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2. User Interface to Panflora
2.1.11 OS_FIND
SVC colle = 11
ETfect:
opens a File Ffor reafling/writing/upBate.
on call=
R1(B) Hetermines the type oF OS_FIND operation (see below).
On Return=
F bit clear: successful reguest, register contents Hepenll on OS_FIND
F bit set gﬁegﬁsﬁetecteﬂ by mMOST while executing commanf.
R1(D) contains error number returnel gy I/0 processor.
error message can be reall using OS_ERROR
all other registers unchangel.
on cCall R1(B) nonzero
R1(B)<>0 causes a namell Tile to be openell.

R2(D) points to the name of the Tile to be openell.
R3(D) is the length of the Tile name pointell at by R2.

ITF R1(B) = 16_40 the Tile is openell Ffor input only.

IT R1(B) = 16_80 the Tile is openell for output only. ]

IT R1(B) = 16_CO0 the Tile 1is openell for reafling anfl upfating.
on EXit:

F bit clear
implies that the File was successfully openell.
R1(D) 1is hanflle Tor the openel Tile
(which will be in the range 1..255)
F bit set
signals an error
R1(D) = #x100 implies that the File coulll not be Founl.
on call R1(B) zero
R1(B) = 16_00 causes (a File)/(Files) to be closen.
IT R2(B)<>0 the Tile whose hanfile is given by R2(S) 1is closel.
IT R2(B) = 0 all open Files are close
(incluBling SPOOL anfl EXEC Files).
on exit:
F bit clear operation was successTul
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F bit set operation Failel
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2. User Interface to Panflora
2.1.12 0OS_ARGS
0 SCV colle = 12
o Effect=
Realls/Writes an OPEN File's attributes.
o On call=
R1(B) speciFfies the type of operation.
R2(B) contains the File hanfile.
R3(D) contains Hata to be written.

IT R2(B) is non-zero then 0SARGS will Ho one of the Following jobs on
the Tile of which R2(B) is the hanfile:

R1(B) = 16_00 reall seguential pointer to R3(D)

R1(B) = 16_01 writes R3(D) to seguential pointer

R1(B) = 16_02 reall extent to R3(D)

R1(B) = 16_03 writes R3(D) to extent

R1(B) = 16_FF ensure this File is up to Hate on the melia.

IFT the pointer is set to past the enll of the File then the File will be
palflell such that intervening bytes reall as nulls.

IT R2(3) 1is zero then 0SARGS will Ho one of the Fallowing operations on
the Filing systems:

R1(B) = 16_00 Return type of Filing system in R1(D)=
0- No current Filing system
1- 1200 baull CFS
2- 300 bauBl CFS
3- ROM Tiling system
Y- Disc Filing system
5- Econet Filing system
6- Teletext/Prestel 'Telesoftware'
R1(B) = 16_01 Return aBfAress of rest of commanB 1ine in I/0
processor in R3(D).
R1(B) = 16_FF Ensure all open Tiles (anfl any other necessary

information) are up to Bate on the mefia.
0 On Return=
F bit clears Successful, R1(D) anl R3(D) operation speciFic

F bit set: Error, R1(D) 1is the error colle.
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2. User Interface to Panflora
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2.1.13 OS_BGET

0 SVC cofle = 13
o ETfect:
Gets a byte From a specifiell OPEN File.
o On call=
R2(B) is the Ffile hanflle
0 On Returnz

F bit clear: implies a successTully completell transfer anfl R1(D)
contains the byte reall.

F bit set: An error has been Hetectell.
IT R1(D) = 16_1FE then an attempt has been malle to reall past
enll of File.
Issue B Provisional Page 17

2. User Interface to Panflora
2.1.14 0S_BPUT
0 SVC cofle = 14
o Effect:

Puts a byte to specifiell OPEN File
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o On call=
R2(B) is the Tile hanfile anfl R1(B) contains the byte to put.
0 On Returnz

F bit clear: implies a successTully completell trans¥er
F bit set: then error Hetectell by MOST anfl R1(D) contains error number.
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2. User Interface to Panflora
2.1.15 0S_GBPB
0 SVC cofle =15
o Effect:
write/Reall a group oFf bytes From a speciTiell open File.
o On call=
R1(B) Betermines the type of operation=
R1(B) = 16_01 Put byte using byte offset

R1(B) = 16_02 Put byte ignoring byte offset
R1(B) = 16_03 Get byte using byte offset
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R1(B) = 16_04 Get byte ignoring byte oFfset

R1(B) = 16_05 Reall title/cycle number/option/Hrive
R1(B) = 16_06 Reall current Hirectory

R1(B) = 16_07 Reall current Tlibrary

R1(B) = 16_08 Reall File names

R2(B) is the File hanflle
R3(D) points to the start of the Bata area
R4(D) contains the number of bytes or items to transfer
R5(D) contains the optional value of the pointer
0 On Returns
F bit set: implies error Hetectel.

F bit clears implies transTer completell successfully.
Values returnell are as below:

R1(B) = 16_01 to 16_04~
R3(D) is upHateld (i.e. o1l Hata affiress plus the amount transferrel)
R4 (D) shows how much Bata has not been transferrell
(anfl is usually zero) ]
R5(D) is the upBatell value of the pointer.

Panflora returns the value 16_1FE in R1 if an attempt is malle to reall
past the enll of File.

R1(B) = 16_05=
This returns in the area pointefl at by the Bata pointer_the ]
title/cycle number/option anfl Arive of the currently selectell Hisk.
It is returnell in this Torm=
(title length) (title) (option) (Arive)

The cycle number, option anfl Arive are single binary bytes.
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R1(B) = 16_06~

This returns in the area pointell at by the Bata pointer the currently
selectell Birectory name.
It is returnell in this Torm:

<length Bisk name><Blisk name> .
<length Birectory name><flirectory name><priv>

<priv> = 16_00 =>0wner
<priv> = 16_FF =>Public
R1(B) = 16_07=

This returns in the area pointell at by the Bata pointer the currently
selectell Tibrary name.
It is returnell in this Torm=:

<length Bisk name><flisk name> )
<length Tibrary name><library name><priv>

<priv> = 16_00 =>0wner
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<priv> = 16_FF =>Public

R1(B) = 16_08=

This returns the names of Tiles in the current Birectory. ]
The Format of the control block is similar to that For seguential
Tiles=

R2(B) returns the cycle number

R3(D) is the alfAress to put the Hata

R4(D) is the Tile number of F¥ilenames to trans¥fer
R5(D) is the FTile pointer

IT the pointer is set to zero the search will begin with the Tirst
Tile. AlTl registers are upBatell in a similar manner to the way
pointers are upHatell Tfor R1(B) = 16_01 to 16_04.

The Tormat of the Tilenames is as Tollows:

<length ¥ilename 1><¥filename 1>
<length Filename 2><Filename 2>.....
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2.2 Events anll Event Control

There are two classes of events. One class corresponfls to_events being signallell
by the I/0 processor. Generally, these events are enablel/Bisablell wusing the
relevant OS_BYTE call. Events in the other class Bo not corresponl to OS_BYTE
reguests anfl are enablell using the SVC OS_CONTROL. For all events, the Kernel
calls a routine to Heal with it. By Hefault the Kernel supplies a null event
routine ¥or each event. The call OS_MANDLER enables the control program to
choose which routine shoulll be callell for each of the events.

Events enablell by 0S_BYTE calls are as Tollows=

EVENT NUMBER

BuTfer Empty

BuTfer Full

Keyboarfl Interrupt

ADC conversion complete
Start of Tv Tiell pulse
Interval timer crossing zero
Escape conflition Hetectel
RS423 error event

Network event

User event

Event unknown by Panflora

WoONOUVIAWNEFO

N
(9, ]
(9, ]

Events enablell by OS_MANDLER ares

EVENT NUMBER
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251 Panflora SVC error Hetectell

252 Enl of Panflora SvC call

253 Escape Tlag upHBate

254 Unattributable error Hetectell by 1/0 processor
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For all events the event routine is enterel:
(a) with bits I, S, U anl T clearell in PSR,
(b) with R0O-R7 containing what they Bill when the event occurrell
(c) the supervisor stack looking as below:
NB. aflfiresses increase upwarfls anfl leftwarlls.

31 0
- L "
| PSR | MOD | values at time of event
- "
I PC I
.- "
| event number|
- "
| X param |
- "
| Y param |
L i e "
| =-- | m™oD | context within kernel to allow return
D e e "
SP = | PC |
- "

IT it is reguirell to continue after the event then an RXPO shoulll be executef.
The event is Bescribell by the Bata aBfAressell as 8(SP) through 16(SP)=

For events 0-9=
8(SP) contains the "Y" parameter suppliell by 1/0 processor
12(SP) contains the "X" parameter suppliell by I/0 processor
16 (SP) contains the Most event number (0-9)

For event 255= )
8(sP) contains the "Y" parameter suppliell by I/0 processor
12(SP) contains the "X" parameter suppliell by I/0 processor
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16(SP) contains the Most event number (9-255)

For events 251 anfl 252=

8(SP) is unBe¥inell
12(spP) is unBeFinell
16(SP) contains the event number (251 or 252)
For event 253=
8(SP) is unBeFinell
12(SP) the value of the escape Tlag maintainell by the MOST
e.g. =0 when escape Flag clear anfi
=1 when escape Tlag set
16(SP) contains the F event number (i.e. 253)
For event 254-
8(SP) is the error number
12(sP) is unBeFinell
16(SP) is the event number (254)
Page 22 Issue B Provisional

2. User Interface to Panflora

when enablell, type 251 events occur
bit set).

i a panflora call enfls in error (i.e. the F

IF event 252 is enablell then when the next Panflora SVC returns (exclufling return
From OS_CONTROL anfl OS_MANDLER) an event is generatell. values of the stackel
MOD, PSR anfl PC corresponll to the instruction Tollowing the SVC instruction.

IF both events 251 anl 252 are enablell at the same time then event 252 takes
preference - event 251 is ignorell anfl the Enfl_of _SvC event hanfller is enteref.
The F bit in the stackell PSR inficates whether the previous call was successTul.

IFf it is wishell to return to the place of interrupt then the routine shoulhB=

(1) Return aFfter a short periofl
(2) Take care not to corrupt RO-R7.

rotocols are allowell from event routiness;

only calls to SvCs not 1nvo1vinﬁ TUBE pr ) .
ose HeTinell in sections 2.2, 2.3 anfl 2.4,

SVCs in this category inclulle t
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2. User Interface to Panflora
2.2.1 OS_MANDLER
0 SVC cofle = 30
o ETfect:

Defines the supervisor routine that will be executell on a specific 1/0
processor event.

o On call=
R1(B) contains the event number

R2(D) contains offset/moBule of routine entry in the stanflarl 32016 external
proceflure Bescriptor format-

31 0
b o= "
| OFFSET | M™MOD |
b $o—————= "

0 On Return=
F bit clears successful anfl R2(D) contains offset/molAule of o1l hanfller

F_ bit set = illegal event number
All registers are as on entry
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2. User Interface to Panflora
2.2.2 OS_CONTROL
SVC colle = 57
ETfect:

Enables/Bisables events 251-254 (see section 2.2).
(NB. other events are enablefl/Bisablell using OS_BYTE)

on call=

R1(B) is the event number

R2(D) bit 0 =0, Disable event
bit 0 =1, Enable event

On Return=

F bit clear = successful anl R2(D) bit 0 contains the oll status.
F bit set = illegal event number.
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2. User Interface to Panflora
2.3 The virtual Dispatch Table

In orfler to service tube interrupts correctly anll ensure that exceptions
occurring whilst in the cofle of panflora may be attributell to the originating SvC
reguest, it is reguirell that Panflora takes over the harBlware Dispatch Table anfi
presents to the control program a "virtual” table as a replacement. This table
is callell the virtual Dispatch Table (vDT).

The control program +informs Panflora about the whereabouts of the VDT using the
"OS_SETVDT" call which sets the virtual HBispatch table to a supervisor molle
alflress suppliel by the control program.

The user sees the VDT as a replica of the harBlware BeTinell Dispatch Table. when
Panflora neefls to inTorm the control program of an exception then it uses the vDT
Tto obtain the external procellure Hescriptor of the service routine to call.
Panflora enters the service routine, Fakinﬁ the entry so that it appears to the
control program that the vDT is the true harBware BeTinell Bispatch table. ATter
servjcin? the exception the return shoulll be malle wusing RETT or RETI where
applicable.

0 Traps occurring whilst in the control program are routell Birectly to the
relevant routine suppliell by the control program.

0 NvIs anfl NMIs_are passell on after the Kernel has Filterell out any
interrupts relevant to the workings of the TUBE.

0 SVC exceptions are also Filterell anl any exceptions which are not known
to Panflora are passell onto the service routine of the control program.

It must be notell that the control program shoulll not alter the position of the
harflware Hispatch table. Alteration of INT_BASE will result 1in total Kernel
mal¥function. IF the control program Hoes not_inform PanBlora of the presence of a
VDT then the Kernel inflirects via the Kernel's BeTault VDT to a Kernel suppliell

;o#tine which prints out a Biagnostic message on the vDU anl enters a Bynamic
alt.
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2.3.1 OS_SETVDT
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0 SVC colle = 40

o Effect:
Informs Panflora where the Vvirtual Dispatch Table resilles in the supervisor
space. The Kernel uses this table to inflirect after a harBlware exception
to the application routine. OS_SETVDT is callell from supervisor mofle anfl
the affress suppliel is, of course, taken to be within supervisor space.
IT OS_SETVDT is callell from user space then Panflora passes the SVC on via
the VDT.

o On call=
R1(D) contains affiress of vDT

0 On Returnz

F bit clear always.
A1l registers unchangell.
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2.4 Miscellaneous
2.4.1 OS_ENTRY
0 SVC cofle = 51
o Effect:

DeFfines entry allflress in control program on subseguent <break>.
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o On Call=

R1(D) 1is the affAress of a control program which is enterell on any
subseguent break. On entry to the control program after a break R1 = 1.

0 On Return=

F bit clear always. All registers unchangell.
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2.4 .2 OS_VERSION

0 SVC cofle = 52

0 ETfect:
Returns the version number of Panflora.

o On call=
No parameters

0 On Return=

The version number is returnell in R1(D). For example, version 3.23
returns R1(D) = #x00000323.

Page 81



Panos Technical

F bit is clear always.

Issue B Provisional Page 29
2. User Interface to Panflora
2.4.3 OS_SETVDU
0 SVC cofle = 53
o Effect:

Sope is loaflell into the I/0 processor to control the operation of its vAu
river.

o On call=
R1(D) <= 255
R1(D) 1is the iBentity of a stanflarll vDU hanfiler=
R1(D) = 0 The raw BBC MOS vHAu hanfller (see BBC micro user guille)

R1(D) = 1 The moliTiel BBC MOS vAu hanfller usell by mast languages
on the 32016. Di¥fferences Trom the stanflarfl one are=

#X0A = Newline cole - generates a <CR> anfl then an <LF>
#X0D = Carriage return - only Boes a <CF> never a <LF>
#X1B = Down-11ne - moves vertically Hown in current column
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OS_ASCI is illentical to OS_WRCHM when this hanfller is selectell

R1(D) = 2 -> 255 reservell

R1(D) > 255
R1(D) contains the afifiress of a vAu hanfller Bata structure. This
contains 6502 cofle, relocation bit map, newline string anfl other
information in the Tormat in AppenBlix D.

0o On exit:
F bit clear: successful ] )
R1(D) = The iBentity of the previous hanfiler
(so you can restore it)

F bit set: error, the hanlller was not insertell because:

R1(D) = -1 The Tformat of the Bata structure was incorrect.
R1(D) = -2 A ball newline string was suppliell
R1(D) = -3 Incompatible tube software
R1(D) = -4 Insufficient space in the host
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2. User Interface to Panflora
2.4 .4 OS_CONFIG
0 SVC cofle = 54
o Effect:
Returns the value of the seconl processor configuration switches.
o On Call=
No parameters
0 On Returnz

F bit clear always, R1(D) contains the conFfiguration information=

Bit in R1 Meaning
0 =1, FPU present =0. FPU absent
1 =1, MMU present =0, MMD absent
2-7 RESERVED
8-31 =0 always
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2. User Interface to Panflora

2.4.5 OS_PRIV

0 SVC cofle = 55

o Effect:
controls which SvC operations Panflora will carry out.

o On call=
R1(B) = SVC number.

R2 bit 0 =0 -> pass this SVC on via the vDT
=1 -> carry out this SvC in PanBlora

Al1l other bits reservell
0 On Return=

F bit clear, operation successful F1(D) =
previous status of this SvC in bit 0

F bit set, error R1(D) contains the error colle
=16_101 Attempt to molify status of non-pPanflora SvC
=16_102 Attempt to molify the status of OS_PRIV
=16_103 callell from user molle
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2. User Interface to Panflora
2.4_.6 OS_NOLOAD
0 SVC cofle = 56
o ETfect:
Controls whether or not 0S_CLI calls are allowell to cause LOADS into the

seconll processor store. After this call any OS_CLI operation which
attempts to Toall Hata into the 32016 store will Fail.

o On call=
R1(D) bit 0 = 0, Disallow LOADs Ffrom OS_CLI operations.
bit 0 = 1, Allow LOADs From OS_CLI operations.

Al1l other bits reservell.
0 On Return=

R1(D) bit O contains the o1l status.
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2. User Interface to Panflora
2.4.7 OS_ERROR
0 SVC colle = 31
o Effect:

Realls Panflora error message. After realling the length of the current
message is set to zero.

N.B. In orfler_to avoill the current message being overwritten the
OS_ERROR shoulll be callell prior to any Ffurther Kernel calls.

o On call=

R1(D) points at error message buffer of reguestor

R2(D) is maximum length of error message to be acceptell
0 On Return:

F bit = 0 always.

R2(D) 1is length of message.
(truncatell to the maximum length of suppliell bu¥fer)

R3(D) is the error number

All other registers are unchangell.
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2. User Interface to Panflora

2.4.8 OS_EXIT

0 SVC colle = 17

0 ETFfect
Causes control to be passell back to the control program. The entry point
at which the control program is enterell is HeTinell using OS_ENTRY. On
entry to the control program R1=2 inflicating that entry was causell by
OS_EXIT.

o On call=
No parameters

0 On Return=

This call Hoes not return.
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2. User Interface to Panflora
2.4.9 OS_ESCAPE
0 SVC cofle = 20
0 ETfect:
Realls the kernel escape Flag.
o On call=
No parameters
0 On Return=
F bit clear: no escape Hetectell

F_ bit set: escape has been Hetectell
A1l other registers are unchangell
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2.4.10 OS_SVR

0 SVC colle = 32
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0o ETFfect:

Clear the U bit in the PSR register.
A1l other PSR are unchangell.

o On Call=
No parameter
0 On return

F bit = 0 always
A1l other register unchangel
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2. User Interface to PanBlora
2.4.11 OS_INDIR
0 SVC cofle = 0
0 ETfect:
Calls the SvC reguest passell in RO.
o On call=

Registers contain parameters appropriate For the callell SvC.
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0 On Return=

Registers anfl flags contain return values From the callell SvC.
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3. Entry to the Control Program
o Initial Entry

ATter reset (power on, <ctrl-break> or <shift-break>), Panflora checks
whether the MOST has sent a NS32016 program (i.e. ROM/FILE healler has
reguirell type -32016- anfl copyright message - see appenflix C) Hown the
TUBE. IT so, then the program is consillerell the control program anfl
enterefl. Otherwise, Panflora enters the Befault control program - the
commanfl interpreter of PANDORA. The BeFfault control program is a simple
program which reafls in commanfl Tines anfl passes them (using 0S_CLI) to
the BBC MOS. This Facilitates the loafling anBl running of user programs.

Note that Panflora enters the control program with no stackell information
anfl takes no aflvantage of the position of the supervisor stack. Therefore
the control program may reposition the supervisor stack to any convenient
grea of memory as long as there is always room FTor kernel to stack 16_400
ytes.

0 Re-entry
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The control program can be re-enterell by
(a) <break>
(b) <shift-break>
(c) unBler program control via OS_EXIT
(A) via 0S_CLI (i.e. loall anfl run a File with a valill 32016 healler)

0 On entry Rl inflicates how the control program was enterell-

R1=0 initial entry (power-on or <ctrl-break>)
R1=1 entry a¥fter any variety of <break>

R1=2 entry via OS_EXIT

R1=3 entry via OS_CLI

Oon entry U =0, S=0anl I =1 in the PSR register.

A1l Hata structures in the Panflora workspace are re-initialisell:
the VDT reverts back to the Hefault table,
events are Hisablel,
event routines revert to the Befault (null) routines,
the table Betermining which SvCs are valill is reset.

The layout of memory on entry to the control program is Hescribell the
next section.
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4. Memory Map
Panflora runs ¥rom ROM but reguires two areas of RAM Ffor workspace, one at the
bottom anfl one at the top of memory. The Timits of the memory area_available to
the application system can be Biscoverell by the use of 0S_BYTE calls 16_83 anfi
16_84.

Store layout

Top ofF RAM - "
| Kernel workspace ]
oo <—To$ of available RAM
( From OS_BYTE 16_84 )
Default supervisor stack
\
e =+<-Bottom of available RAM

( From OS_BYTE 16_83 )
Kernel workspace
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Appenflix A - Summary of SvC calls

SVC Number o
Name Dec Mex Description

MOS Reguest ]
OS_WRCH 1 &01 write character to output stream(s)

OS_STRING 2 &02 write string to output stream(s)
OS_ASCI 3 &03 write char with CR-> LF/CR to output
OS_NEWL 4 &04 Wwrite LF/CR to output stream(s)
OS_RDCH 5 &05 Reall character Trom input stream
OS_BYTE 6 &06 A large group of miscellaneous calls
OS_WORD 7 &07 A Tlarge group of miscellaneous calls
0S_CLI 8 &08 Pass commanl line to BBC to execute
OS_FILE 10 &0A Manipulate File Bata anBl catalogue
OS_FIND 11 &0B Open Tile Tor reall/write/upfate
OS_ARGS 12 &0C Reall/write an open Tiles attributes
OS_BGET 13 &0D Get byte from File
OS_BPUT 14 &OE Put byte to a File
OS_GBPB 15 &0F Reall/write bytes to a Tile
OS_INLINE 21 &15 output inline string
control of events
OS_MANDLER 30 &1E Sset routine to be callell on event
OS_SVR 32 &20 Enter supervisor molle
OS_CONTROL 57 &39 Enable/Bisable events 251-255
virtual Dispatch Table Management
OS_SETVDT 40 &28 Positions the virtual Dispatch Table
Miscellaneous
OS_INDIR 0 &00 Reguest SVC call passell RO
OS_EXIT 17 &11 Returns control to control program
0S_DEBUG 18 &12
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OS_ESCAPE
OS_ERROR
OS_ABORT

OS_SPLIT
OS_ENTRY
OS_VERSION
OS_SETVDU
OS_CONFIG
OS_PRIV
OS_NOLOAD
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SVC Number
Dec Mex Name

&00 OS_INDIR
&01 OS_WRCH
&02 OS_STRING
&03 O0S_ASCI
&04 OS_NEWL
&05 OS_RDCH
&06 OS_BYTE
&07 OS_WORD
&08 0S_CLI

CONOYUVTAWNRFO

10 &0A OS_FILE
11 &0B OS_FIND
12 &0C OS_ARGS
13 &0D OS_BGET
14 &OE OS_BPUT
15 &OF OS_GBPB

17 &11 OS_EXIT
18 &12 O0S_DEBUG

20 &14 OS_ESCAPE
21 &15 OS_INLINE

30 &1E OS_MANDLER
31 &1F OS_ERROR
32 &20 OS_SVR

33 &21 OS_ABORT

40 &28 OS_SETVDT

50 &32 OS_SPLIT
51 &33 OS_ENTRY
52 &34 OS_VERSION
53 &35 OS_SETVDU

20
33

50
51
52
53
54

56

&14
&1F
&21

&32
&33
&34
&35
&36
&37
&38

Panos Technical

Reall value of kernel escape Flag
Reall error message From I/0 processor
Jump through ABORT vector

Defines <break> entry aflfiress

Returns the version number of kernel
Install vAu hanfller in the 1I/0 processor
Returns the value of the m/W switches
control passing of SVC operations
Allow/Hisallow LOAD From within OS_CLI
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Appenflix A - Summary of SvC Calls

Numerical List of SvC calls

Description

Reguest SvC call passell RO

write character to output stream(s)
write string to output stream(s)
write char with CR-> LF/CR to output
write LF/CR to output stream(s)

Reall character Trom input stream

A large group of miscellaneous calls
A large group of miscellaneous calls
Pass commanfl line to BBC to execute

Manipulate File Hata anll catalogue
open File Ffor reall/write/upHate
Reall/write an open Files attributes
Get byte from File

Put byte to a File

Reall/write bytes to a Tile

Returns control to control program

Reall value of kernel escape Flag
output inline string

Set routine to be callell on event
Reall error message from I/0 processor
Enter processor supervisor mofle

Jump through ABORT vector

Positions the virtual Dispatch Table

DeFines <break> entry aBifiress
Returns the version number of kernel
Install vAu hanfller in the I/0 processor
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54
55
56
57

&36
&37
&38
&39
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O0S_CONFIG Returns the value of the m/w switches
OS_PRI1V Control passing of SVC operations
OS_NOLOAD Allow/Bisallow LOAD From within 0S_CLI
OS_CONTROL Enable/Bisable events 251-255
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Appenllix B - OSWORD

Table of OSWORD calls
DESCRIPTION

Reall a Tine Trom currently selectell input.
Reall system time.

write system time.

Reall system time interval counter.

write to system time interval counter.
Reall 1/0 processor.

write to I/0 processor.

Make a sounfl.

Define an envelope.

Reall pixel value.

Reall_character BeTinition Ffor given character.

Reall palette value Tor given logical colour.
write palette value Tor given logical colour.
Reall Tast two graphics cursors.

Reall real-time clock

write to real-time clock

Get DFS cycle number.

Reall current DFS_Bisc size.
Bash Bisc controller.

OSWORD calls - Hescriptions

OSWORD call 16_00

o Reall a line Ffrom the currently selectell input. R2(D) points to a buffer
containing:

0(R2) The alfAress of the bu¥fer For the input line

4 (R2) The length of the buffer
5(R2) Input character lower bounfl
6(R2) Input character upper bounfi

Characters will only be enterell in the buffer if they are within the
range specifiell by locations 5(R2) (inclusive lower bounfl) anfl 6(R2)
(inclusive upper bounfl). During input, DEL Heletes the last character

input anfl NAK (ctrl/u) Beletes the entire input Tline.

0O On Exit:
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F = 0 InRicates that a carriage-return (ASCII 16_0D)
terminatell the Tine.
F =1 1Inficates that an escape conflition occurrell.

R3D is set to the length of the input Tine (incluBling the CR if F = 0).
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Appenllix B - OSWORD

OSWORD call 16-01

0 Reall system time

Ehebyive byte system time is reall into locations 0(R2) (Isb) to 4(R2)
msb) .

System time is set to zero by a harll reset.

OSWORD call 16_02

0 Write system time.
The Five byte system time is reinitialisell with the value at locations
0(R2) (1sb) to 4(R2) (mshb).

OSWORD call 16_03

0 Reall time interval counter.
The system time interval counter is a Tive byte incrementing counter. It
is reset to zero by any reset. when the system time interval counter
crosses zero an event 1s generatell. The Tive byte interval counter is
reall into locations O(R2) (lIsb) to 4(R2) (msb).

OSWORD call 16_04

0 Writes to the system time interval counter.
The Tive interval counter is initialisell with the value at Tlocations
0(R2) (Isb) to 4(R2) (msb). (Note that the_counter is an incrementing
counter, thus a value of 16_FFFFFFFFFF woulll give a time interval of 1
centiseconfl).

OSWORD call 16_05

0o Reall a byte from I/0 processor.

Uses a 32 bit aBfAress taken F¥rom locations 0(R2) to 3(R2), result
returnell in 4(R2).

Useful when wusell in _conjunction with the tube - the tube will only
pass the byte if the affiress 1is in the top range.

OSWORD call 16_06

0 Write a byte to I/0O processor.
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Uses a 32 bit afflress taken From locations 0(R2) to 3(R2). Byte Tor
writing is taken Trom 4(R2).
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Appenllix B - OSWORD

OSWORD call 16_07

(o]

Make a sounf.

The 8 bytes at locations O0(R2) to 7(R2) are treatell as 4 2-byte values,
0(R2) 1sb, 1(R2) msb etc. These Four values HeTine the sounll eFffect. See
the sounfl speciTication in the new user guille Tor more Betails.

OSWORD call 16_08

(o]

Define an envelope.

The 13 bytes at locations 1(R2) to 13(R2) are usefl to Hefine the envelope
1nn1cgten_?y 0(R2). See the sounll specification in the new user guille For
more Hetails.

OSWORD call 16_09

(o]

Reall pixel value.

The 4 bytes at locations O0(R2) are 3(R2) are treatell as 2 2-byte values.
0(R2) (lIsb) anBl 1(R2) (msb) represent an X-coorBinate, 2(R2) (Isb) anl
3(R2) (msb) represent a Y-coorBinate. The value of the pixel at the
affAressell coorfinate is Hepositel in location 4(R2). An invalill
coorflinate returns a value of 16_FF.

OSWORD call 16_0A

(o]

Reall character BeTinition FTar a given character.

The character BeTinition Tor the character given in Tlocation 0(R2) is
Hepositell in locations 1(R2) (top row) to 8(R2) (bottom row).

OSWORD call 16_0B

(o]

Reall the palette value Tor a given logical colour.

The 4-byte physical colour BeTinition Ffor the logical colour given at
location O0(R2) 1is Hepositell at locations 1(R2) to 4(R2).

OSWORD call 16_0cC

(o]

write the palette value Tor a given logical colour.

The 4-byte physical colour BeFTinition at Tocations 1(R2) to 4(R2) is
assignell to the logical colour 0(R2).
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Appenllix B - OSWORD
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OSWORD call 16_0D

o Reall graphics cursor positions.
The last two positions visitell by the graphics cursor are returnell as X,
Y, X, Y (each two byte integers).

OSWORD call 16_0OE

0 Reall the real-time clock.

OSWORD call 16_0F

O Write to the real-time clock.

OSWORD call 16_7D

o Reall the DFS cycle number (of currently selectell Birectory). The cycle
number is returnell in the Tocation (R2 D).

OSWORD call 16_7E
o Reall the DFS Hisc size (in bytes of the currently selectell Bisc).

The Four byte Bisc size is returnell in locations 0(R2) to 3(R2).

OSWORD call 16_7F
0 Access the Bisc controller.

(R2 D) points at this control block=

OFFSET
o+-----—---—-——"""-"—— -
| Drive |
1 - "
| ABfAress to put to/get From |
5+~-—--------—---- "
| Number of parameters |
6+----—---------"--"-"""""""——- -
| Commanil |
7/ - "
I I
I Parameters I
7%p ®-mm e -
| Result |
8% p - -

The Brive byte will select Brives 0-3 in the stanflarfl DFS manner (i.e.
Brive 2 is sille two of HArive 0). IT set to 16_FF however no Brive will be
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selectell. It shoulB be noteB that no commanBl will work if the Brive is
not spinning. The afliress bytes are where Bata shoulll be taken From/put to
Bepenfling on the type of commanfl. If no Bata transfer takes place, then
they may be ignorel.

(R2 D) = 5 Hetermines the number of parameters Tor the Bisc controller
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aFfter the commanfl byte.

The commanBl byte is the commanBl For the Bisc controller commanll register.
Bit 6 shoulll be set anfl bit 7 shoulll be unset as the Brive selection is
Hone automatically anfl these bits are usell for it. Thus the commanB For
reall sector becomes 16_53 anl write sector 16_4B. The parameter bytes are
sent to the Bisc controller parameter register after the commanBl byte is
sent to the commanB register.

The result returnell at the enfl of the operation is reall from the result
register anfl storell in the next byte after the parameters.

Note that the Birection of any possible Hata transfer is Heterminell by

bit 4 of the commanBl byte: a 1 means that you are realling from the Bisc,
a 0 means that you are writing to it.
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Appenllix C - meafler of 32016 Control Programs

The Fragment oF assembly cofle below Bescribes the format of the healler which

enables the cofle to be enterel as a control program on the 32016 seconfl

processor.

5 ROM Tormat constants

ROM_SERVICE EQU #b10000000
ROM_LANGUAGE EQU #b01000000
ROM_TUBE EQU #b00100000
ROM_ELK EQU #b00010000
ROM_PROC_MASK EQU #x0D
ROM_6502 EQU #x00
ROM_TURBO_6502 EQU #x01
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ROM_PROC_“ EQU #x04
ROM_PROC_5 EQU #x05
ROM_z80 EQU #x08
ROM_32016 EQU #x09
ROM_286 EQU #x0C
ROM_ARM EQU #x0D
I_6502_3JmMP EQU #x4C
I_6502_RTS EQU #x60
ROM_MOST_ADDRESS EQU #x8000
ROM_ADDRESS EQU #x00000200
ROM_TYPE_BITS EQU ROM_LANGUAGE | ROM_TUBE | ROM_PROC_32016

RELORG ROM_ADDRESS

ROM_BASE DCB I_6502_31mP
DCw LANGUAGE_6502-ROM_BASE*ROM_MOST_ADDRESS
DCB I_6502_31mP
DCw SERVICE_6502-ROM_BASE®ROM-MOST_ADDRESS

ROM_TYPE DCB ROM_TYPE_BITS

ROM_COPYRIGHMT_OFFSET DCB ROM_COPYRIGHMT - ROM_BASE

ROM_VERSION_NUMBER DCB 2

ROM_NAME DCS 'BCPL-32016", 0

ROM_VERSION_STRING DCS 'version 0.35 of 10th August 1983°

ROM_COPYRIGHT DCS 0, "(C) Acorn 1983', O

ROM_RELOCATION DCD ROM_ADDRESS

ROM_EXECUTION DCD BOOT-ROM_BASE

LANGUAGE 6502 DCB #x58,#xA9, #xAA, #xA2 ,#x00, #xA0, #xFF, #x20
DCB #xF4 , #XFF,#x86,#x00, #xA9, #xAB, #xA2 , #x00
DCB #xA0, #xFF,#x20,#xP4 , #xFF, #x86 , #x01, #xA9
DCB #XFC,#xA2,#x00,#xA0, #xFF,#x20, #xF4 , #XFF
DCB #x8A,#xA8,#x88,#x30, #x1B, #xB1, #x00, #x29
DCB #x4D, #xC9, #x40, #xFO0, #x54, #xDO , #xF3, #xA9
DCB #X7E ,#x20,#xP4 , #XFF,#x20,#xE7 , #xFF ,#x00
DCB #x99,#x43 ,#x73,#x63,#x61,#x70,#x65,#x00
DCB #x18,#x20,#xE7 ,#XFF,#xAD, #x01,#x80, #x69
DCB #x8A,#x8D, #x02 ,#x02 ,#xAD, #x02 , #x80, #x69
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DCB #x00,#x8D, #x03,#x02, #xA9, #x2A, #x20 , #XEE
DCB #XFF ,#xA9, #x06 ,#x85,#x00, #xA9, #x00, #x85
DCB #x01,#xA9, #xFO0, #x85,#x02 ,#xA9, #x00, #x85
DCB #x03,#xA9, #x7E,#x85, #x04 , #xA9, #x00 . #xAA
DCB #xA8 , #x20, #xF1,#xFF,#xB0,#xB9, #xA2,#x06
DCB #xA0,#x00, #x20,#xF7 ,#xFF,#xD0, #xD5 , #xF0
DCB #xD3,#x98, #xAA, #xA9 , #x8E , #xA0 , #xFF , #x4C
DCB #xP4 , #xXFF,#x20,#xE7 ,#xFF ,#xA0,#x01, #xB1
DCB #XFD, #xFOQ, #xAD, #x20 , #XEE , #xFF , #xC8 , #xD0
DCB #XF6

SERVICE_6502 ) . i .
5 IT the ROM contains 0S services, then set the ROM_SERVICE bit in
5 the ROM_TYPE byte, anll insert the 6302 service colle here.

DCB I_6502_RTS
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Appenllix D - vDU hanfller Bata structure

Section missing.
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