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OPERATING SYSTEM CALLS

Someof the operatingsystem calls of the Master128 maybe accessefrom the 80186co-processoby
using the 80186 software interrupts. There are 256 software interrupts supported and each one ha
corresponding 4 byte vector in the first 1 kbyte of the 80186 memory.

Interrupts 040H to 04CH are reservedfor the 13 MOS calls supportedon the co-processorAll the
operatingsystemcalls take parametersn the 80186registersAL,BH andBL. correspondingto the 6502
registers A, X and Y. The operating system calls are explained below:

SUMMARY OF MASTER 128 MOSCALLS

Routine Interrupt  Address Function

OSFI ND 040H 0100H Qpen or close a file

OSGBPB 041H 0104H Miltiple Put/Cet bytes

OSBPUT 042H 0108H Wite a single byte to a file
OSBGET 043H 010CH Read a single byte froma file
OSARGS 044H 0110H Load/ save file paranmeters

OSFI LE 045H 0114H Load/ save a conplete file

OSRDCH 046H 0118H Read character frominput stream
OSASCl 047H 011CH Wite char to output strm(&D gives CR & LF)
OSNEWL 048H 0120H Wite CR & LF to screen

OSWRCH 049H 0124H Wite character to output stream
OSWORD 04AH 0128H Various multi-byte calls

OSBYTE 04BH 012CH Various single byte calls

OSCLI 04CH 0130H Interpret conmand |ine

NOTE - The Master 128 MOS calls OSRDSC,OSWRSC,0OSEVEN, GSINIT and GSREAD are not
supportedby the 80186 but OSWORD with AL = OFAH providesthe functions of OSRDSCand
OSWRSC.
OSRDSC OSWORD AL=0FAH Read byte from screen or paged rom
OSWRSC OSWORD AL=0FAH Write byte to screen or paged rom
DESCRIPTION OF MASTER 128 MOSCALLS
OSFIND
Open a file for reading and writing.
On entry: AL specifies the operation.
AL =0 Fileis to be closed
AL = 40H File to be opened for input only
AL = 80H File to be opened for output only

AL = COH File to be opened for random access

DS:BX contain a pointer to the filename
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Filename must be terminated by carriage return (&0D)
On exit: AL contains the file handle or O if file has been closed or could not be opened.

Flags: undefined

OSGBPB
Read/write a block of bytes from/to a specified open file.

On entry: AL specifies operation type from the following:

AL=1 Put bytes to media using sequential pointer
AL=2 Put bytes to media ignoring sequential pointer
AL=3 Get bytes from media using sequential pointer
AL=4 Get bytes from media ignoring sequential pointer
AL=5 Get media title and boot option

AL=6 Read currently selected directory and device
AL=7 Read currently selected library and device
AL=8 read filenames from currently selected directory

DS:BX point to a control block in the form:-

00 File handle

01 Pointer to data in either I/O processor or tube processor (low byte first)
02

03

04

05 Number of bytes to be transferred (low byte first)
06

07

08

09 Pointer value to be used for transfer (low byte first)
0A

0B

oC

On exit: AL contains a return value where:

AL=0 Operation attempted

AL = entry value Call not supported in this filing system
Flags: CF =reset Transfer completed

CF = set End of file reached before transfer complete

OSBPUT

Write a single byte to a specified open file at the point in the file designated by the sequential pointer.

Support Group Application Note No. 098sue 1 3



Support Group Application Note No. 098sue 1 6th August 1992

On entry: AL contains the byte to be written. BH contains the file handle (provided by OSFIND).
On exit: No exit values

Flags: undefined

OSBGET

Read a single byte from a specified open file at the point in the file designated by the sequential pointer.
On entry: BH contains the file handle (provided by OSFIND)

On exit: AL contains the byte read from the file

Flags: CF is set if an attempt is made to read past the end of the file

OSARGS
Load/save file parameters to/from the specified open file

Onentry: AL containsthe operationtype (seebelow). AH containsthe file handle(providedby OSFIND)
or 0. BX points to a 4 byte attribute block.

IfAH=0, AL=0 Returns the current filing system in AL
AL =1 Returns the address of the rest of the command line in the base page control block
AL = &FF Update all files onto the media (make sure memory buffer saved)

IfAH <=1, AL =0 Read sequential pointer of file
AL =1 Write sequential pointer of file
AL =2 Read length of file

On exit: AL contains the filing system number when entered with AL =0, AH =0

AL =0 No filing system

AL =1 1200 baud cassette
AL =2 300 baud cassette
AL=3 ROMFS

AL=4 DFS

AL =5 ANFS/NFS
AL=6 TFS
AL=8 ADFS

Note 1: The control block always remains in the 1/0O processor memory not the 80186 processor memor

Note2: If AL=1 and AH=0 on entry,the addres®f theremaindeiof the lastcommandine is returnedin a

four byte zero page block pointed to by BX. This address always points to the I/O processor and shou
therefore be readusingOSWORDDS5. Thetext makingup theremainderof the last commandline always
terminates with a carriage return character (13H).
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OSFILE
Read/Write a complete file or catalogue information
On entry: AL Contains the operation type:-

AL =0 Save a block of memory as a file

AL =1 Write the information in the parameter block to the catalogue for an existing file

AL =2 Write the load address for an existing file

AL =3 Write the execution address for an existing file

AL =4 Write the attributes for an existing files

AL =5 Read a files catalogue info with the file type returned in AL and the info returned in
the parameter block

AL =6 Delete the named file

AL = &FF Load the named file

DS:BX Point to a control block in the form:

00 Address of filename terminated by CR (&0D)
01

02 Load address of file (low byte first)

03

04

05

06 Execution address (low byte first)

07

08

09

0A Start address of data for save (low byte first)
0B

oC

oD

OE End address of data for save (low byte first)

OF or File attributes (see below)

10

11

Thefile attributesare storedin four bytesthe mostsignificant3 bytesarefiling systemspecific. TheLSB
has the following meanings, where the relevant bit is set:

No read access to owner (i.e. filename /WR)
No write access to owner (i.e. filename LR/)
Not executable by owner (i.e. filename /)
Not deletable by owner (i.e. filename L)

No public read access

No public write access

Not executable with public access

Not deletable with public access

~N~No oo h~wWwNEO

On exit: AL contains the file type:
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AL =0 File not found
AL =1 File found

AL =2 Directory found
AL = &FF Protected file

Flags: undefined

OSRDCH
Read a character from the currently selected input stream
On entry: No entry parameters
On exit: AL contains the character or an error code
Flags: CF =reset Valid character read

CF = set Error condition (value in AL)
OSWRCH
Write a character to the currently selected output stream
On entry: AL contains the character to be written
On exit: No exit parameters

Flags: undefined

OSASCI

Write a character to the currently selected output stream, but do a CR and LF if character is CR (&0D)
On entry: AL contains the character to be written

On exit: No exit parameter

Flags: Undefined

OSNEWL

Write CR and LF to currently selected output stream
On entry: No entry parameters

On exit: No exit parameters

Flags: undefined
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OSWORD
Various functions using a control block

Onentry: AL containsthe OSWORDtype (see list of OSWORDcallsin the Masterreferencemanual
part 1)

DS:BX point to the control block which is call dependent (see Master reference manual part 1)
On exit: Parameters returned in control block are call dependent

Flags: undefined

OSBYTE
Various functions using registers

Onentry: AL containsthe OSBYTE type (seelist of OSBYTE/*FX callsin the Masterreferencemanual
part 1). BL first OSBYTE parameter. BH second OSBYTE parameter (if needed).

On exit: BL contains the first return parameter BH contains the second return parameter

Flags: CF value is call dependent

OSCLI

Send a string to the command line interpreter which decodes and executes any recognised commar
On entry: DS:BX point to the string

On exit: No exit parameters

Flags: undefined

For example settingup DS:BX to point to the string "cat”, would producea catalogueof the currently
selected filing system directory.

Note: With this form of using OSCLI, you cannotpassvariableswith the string asyou canfrom within
BBC BASIC onthe65C12.Unrecogniseccommandswill producean error, which will be reported by
the 80186 error routine, unless trapped.

Commandghat can be passedto the commandine, arethestar(*) commandghatarelistedin response
to a *help (OSCLI"help”) command or *help application (OSCLI"help application™). i.e.

oscli equ 04ch
cr equ 13
xor al,al ;Clear al

mov bx,offset my_string
int  oscli my_string:
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ds "help mos"
db cr

Note that the string must be terminated with a Carriage return (13).

BLOCK DATA TRANSFER ON THE 80186

The 80186ROM implements an additionalOSWORDcall with AL = OFAH to allow efficient transfer
of blocks of data between the80186processoandthehost65C12 processor.This OSWORD call is

usedby setting up thefollowing control block which mustbe pointed to by DS:BX. The format of the
control block is:

Number of parameters sent to I/O processor (ODH or OEH)
Number of parameters read from I/O processor (01H)
LSB of I/O processor address

MSB of I/O processor address
LSB of 80186 offset address
MSB of 80186 offset address
LSB of 80186 segment address
MSB of 80186 segment address
LSB of length of transfer

MSB of length of transfer
Operation type (see below)
65C12 memory access control

DOWD>OWONOUNWNEREO

The operation type specifies the type of transfer as follows:

Write to 65C12 at 24 us/byte

Read from 65C12 at 24 us/byte

Write to 65C12 at 26 us/pair of bytes

Read from 65C12 at 26 us/pair of bytes

Write to 65C12 at 10 us/byte using 256 byte blocks
Read from 65C12 at 10 us/byte using 256 byte blocks

~No wiNhEk O

The memoryaccesscontrol byte allowsaccesdo the pagedROMS, pagedRAM andshadowRAM in the
host machine and is laid out as follows:

7 6 5 4 3 2 1 0
X sm m/s c pr3 pr2 prl prO

Where the bits have the following functions.

X Unused
sm If 3000H <= 1/O address < 8000H sm=1 use screen memory regardless of state of
*shadow - overrides bit 5
m/s 0 Use main screen memory if screen address specified
1 Use shadow screen memory if screen address specified

c If 8000H <= 1/O address < COOOH If c=0 use specified ROM number, if c=1 use
Support Group Application Note No. 098sue 1 8
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currently selected ROM
pr3-pr0 Paged ROM number

The memoryaccesdyteis only used if thefirst byte of the control block is setto OEH it is otherwise
ignored. Useof the memoryaccesdyte allows pagedROM softwareto be copiedandtherefore should
berestrictedto system use. This however would preventaccesgo theshadow RAM whichis notused
by the system and cannot be legally accessed by other means.

A smallexampleof the call is now given. This assumeshatthe control block hasbeensetupcorrectlyand
is locatedin the first 64k segment. A contiguous36 Kbyte areaof memoryis beingusedas a buffer for
datawritten from 2000:1000in the 80186.The hostbuffer startsat 3000Handextendso BFFFH. 3000H
to 7FFFH is specifiedasshadowscreenmemoryand 8000Hto BFFFH is specifiedas pagedRAM in
bank 5.

osword equ 0O4dah
transfer equ Ofah
sub ax,ax ;points ds:bx at control block
mov ds,ax
mov bx,offset transfer_block
mov al,transfer ;set up osword type
int osword
transfer_block:
db  Oeh
db  01h
dw 3000h,0 ;base address in 65C12
dw 1000h,2000h ;base address in 80186
dw 9000h ;length = 36K
do 6 ;fast 256 byte blocks
db  025h ;use shadow and paged RAM

ERROR HANDLING BY THE 80186 MONITOR

Whenan erroris generatedby thehostprocessotheerrornumberandstringarepassedcrosshe Tubeto
the 80186 under interrupt. The error number and stringarethenplacedin the errorbuffer of the80186
anda pointer is initialized to point tothe error number.The error string is terminatedoy a null byte
(OOH). The 80186Tubecodethen jumps to the error handler this prints out the error beforereturning
control to the 80186 monitor.

The locations of the error handler vector and error pointer are given below:

0000:05F4 Error pointer offset
0000:05F6 Error pointer segment

0000:05F8 Error handler vector offset
0000:05FA Error handler vector segment
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Error handling by stand alone applications

The error handling provided by the 80186 monitor is not suitablefor stand alondanguagesthat is
languageswhich only useMOS functionsandthe hostmachinediling systemsnot the DOS+ operating
system;ascontrolis returnedto the monitor by the default errorhandler.Whenthe languageis started
up it shouldinitialise the error handlervectorto point toits own error handlerwhich shouldthenbe able

to deal with the error in an appropriate way and return control to a suitable point within the language.

An exampleis now given to illustrateatypical error handler.This assumesthatthe languagéas running
at 0000:8000. The example is written using the Digital Research RASM86 assembler format.

cseg O

org  08000h

osnewl equ 048h

oswrch equ 049h
error_pointer_offset equ .05f4h
error_pointer_segment equ .05f6h
error_handler_offset equ .05f8h
error_handler_segment equ .05fah

; initialise error han

dler to point to my error handler

sub ax,ax

mov  ds,ax

mov  ax,offset my_error_handler
mov  error_handler_offset,ax
mov  ax,seg my_error_handler
mov  error_handler_segment,ax

my_error_handler:

Ids  si,dword ptr error_pointer_offset

int  osnewl :new line

inc  si ;skip error number

cld ;set forward direction
my_error_loop:

lodsb ;get error string from buffer

int  oswrch ;and write it out

test al,al ;end of string?

jnz  my_error_loop ;N0 - get next character

jmp

my command_loop ;yes - jump to command loop
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80186 ERROR MESSAGES

Errorscan also be generatedby the 80186usinginterruptO4FH andfollowing it with the error number
and the error string, terminatedwvith a null byte (O0H). Theerrorpointerwill beinitialisedasfor 65C12
errors and the same error handler will be used as given by the error handler vector.

An exampleis given below to illustrate the useof 80186errors.In the following examplea testis being
made for the presenceof a file beforeattemptingto loadit. The exampleassumeshatthefile nameis in
the current data segment.

; set up parameters

error equ 04fh ; the error interrupt number
osfind equ 040h
open_for_input equ 040h
not_found_error equ 06dh
cr equ 13
cseg
look_for_file:
mov al,open_for_input
mov bx,offset my_file_name
int osfind
or al,al
jnz load_the file
int error
db not_found_error,'cannot find file',0

:note no return after writing out error
file loaded here if present
load_the file:
dseg
my_file_name:
db '$.myfile',cr

‘end
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ESCAPE PROCESSING

When an escapeconditionis detectedby the 65C12,the top bit of the escapédlag at 0000:05F2Hon the
80186 is set under interrupt. An escape condition should be tested for by checking this escape flag. If
escape condition exists the escapemust be acknowledged using OSBYTE with AL=07EH and an
optional80186error messageanbe generatedThe escapdlag should not be setor resetdirectly asthe
changewill notbereflectedonthe hostsideof the Tube.OSBYTE callswith AL = 07CHor 07DH should

be used to set or reset the escape condition.

THE 80186 MONITOR

After enabling the co-processoland either pressing ESCAPE beforeloading DOS+, or pressing
BREAK from within DOS+ you should get the following displayed on the screen:

Acorn Tube 80186 512K
Acorn ADFS
BASIC

The star (*) promptindicatesthat the 80186 monitor hasbeenenteredandis waiting for commandgo
sendto the commandine interpreteron the 801860r the 65C12.In additionto the standardMOS and
filing system commands, the 80186 recognises the following monitor commands:

Name Function

*D Memory dump in hex and ascii

*DOS Boot DOS+ from hard disc or floppy

*F Fill memory with a byte or word

*GO Jump to a specified address

*MON Re-enter the monitor

*S Alter memory using hex or ascii

*SR Search memory for a specified text string

*TFER Transfer blocks of memory between 80186 and 65C12

Note that from within the monitor you cannotrun 65C12languagesuchasBASIC, but 65C12utilities
such as Advanced Disc Toolkit will work.

You cannotusethe monitor from the 80186underDOS+ by usingthe STAR utility, you will in fact find
that the monitor is not resident and will not appear on the *HELP table from under DOS+.

The above commands are now explainedin more detail. Where <offset> is usedit refersto the
hexadecimabffsetaddresavhich canbe enteredasl to 4 digits - leading zeros (0) can beomittedi.e.
7A canbe enteredas7A, 07A or 007A. If morethan4 hex digits are enteredthe mostsignificantdigits
will be truncatedi.e. 12345will be treatedas 2345. Where <segment> is usedit refersto the 80186
segmentaddresswvhich canalso be enteredas above,but mustbe followed immediatelyby a colon (;) to
indicate that it is a segment address. i.e. 23: .

Support Group Application Note No. 098sue 1 12



Support Group Application Note No. 098sue 1 6th August 1992

In all relevantcommanddelow if no segmentddresss specifiedthenthe mostrecentlyspecifiedvalue
will be used. If no previousvaluehasbeenspecifiedthenthe valueshouldbe0. For all commandsany
leading spaces or asterisksor trailing spaceswill be ignored.Itemsenclosedn <> brackets indicate
parametersthat the commanduses,those that are also enclosed in () brackets indicate optional
parametershatdo not needto be specified.Noneof thesecommandsre casesensitive so bothupper and
lower case or a mixture of both may be used.

*D  Memory dump
Syntax: *D (<segment:>) (<start offset>) (<end offset>)

Function:  This command producesa memorydump from the 80186 memorybetweenthe specified
addressesn hex and ascii, showing the addressesn segment:offsefiorm. Charactersoutside theascii
range20Hto 7EH areshownasafull stop on the asciilist with their correspondindiexvalue in the hex
list. All of the parametersin this command areoptional,If the segmentaddressis omitted the last
usedsegmenwaluewill be usedlIf the startand end offsets areomittedthe lastend address+ 010H is
usedasthe startaddressand the last endaddresst 080H is used as the end addressijf just the end
address is omitted then the start address + 080H is used.

For example:*D 0000: 8000 8050

0000: 8000 04 48 BA 6D 01 8B FO 05 50 00 3D 64 00 72 03 2D .Hm...P.=d.r
0000: 8010 64 00 50 33 DB B9 OC 00 3B 97 E4 1A 76 05 83C3dP3....,...V...
0000: 8020 02 E2 F5 D1 EB 53 4B D1 E3 8B C6 8B CF 83 FB 02 ..... )
0000: 8030 75 OF A9 03 00 75 OA D1 E8 D1 E8 40 3B C1 75 01 u....U..... @. u.
0000: 8040 42 2B 97 E4 1A 58 8A FO 59 58 C3 BB C2 1A EB OF B+... X .YX .....
0000: 8050 80 3E 00 OF 00 74 05 B2 01 E8 7B EEBB B4 1A 8B .> ..t....{1 2

*DOS Reboot DOS+
Syntax: *DOS
Function:  Allows DOS to be bootedwithout CTRL+BREAK i.e. from stand alonelanguagesr
applicationsor restartDOS after pressingBREAK to leaveDOS. This commandwill try to boot DOS
from a hard disc if one is present or from floppy.
*F  Fill memory with a constant
Syntax: *F (<segment:>) <start offset> <end offset> <fill byte|word>
Function:  This command fills the 80186 memory within the specifiedrange,with the specified
constant.The constantusedcan be specifiedas a byte or word value. The end offset specifiedis the end
address + 1 used by the fill command i.e.

*F 1000 1010 55

Will fill bytes 1000H to 100FH inclusive with the value 55H

*F 1000 1010 1234
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Will fill bytes1000h to 100FHinclusive withthe word 1234Hwith the Lsb written first. i.e. 1L000Hwill
be 34, 1001H will be 12, 1002H will be 34, etc.

An end offset of 0 can be used to specify a fill operation to the last address in the specified segment.

*GO  Jump to a specified address
Syntax: *GO (<segment:>) <offset>

Function:  Thiscommandcallsandtransferscontrolto a piece of code thatis residentatthe specified
addressn the 80186.This commandshouldbe usedwith care, as calling an addresswhich doesnot
contain any executable code could cause the machine to hang or crash.

*MON Enter the 80186 monitor
Syntax: *MON

Function:  Allows the monitorto be re-enteredfrom stand alone languagesor applicationswithout
pressing BREAK, or from within other routines.

*S  Edit memory contents
Syntax: *S (<segment:>) <start offset>

Function:  This utility allowsthe memorycontentsof the80186to be examinedandaltered if required.
A line of 16 bytesof memoryis displayedin hex andascii formats initially with the cursorpositioned
undertheleastsignificantdigit of thefirst byte specified..The cursormovementanddataentryis controlled
using the following keys:

Cursor left  Move left - If at far left display previous 16 bytes
Cursor right ~ Move right - If at far right next 16 bytes

Cursor up Display next 16 bytes

Cursor down Display previous 16 bytes

Shift+cr left  Move cursor to far left of current field

Shift+cr right Move cursor to far right of current field

Copy Toggle between hex and ascii entry

Thedisplayconsistof two 16 bytefields which arethe hexdisplayandtheasciidisplay.The copykey is
used to switch between the two.

For example: *S 0040

SEG : OFFS HEX FI ELD ASCI| FIELD
0000: 0040 00 00 00 00 00 00 OO 00 0O 00 00 00 00 00 00 00 ................
0000: 0030 D6 1F 00 FO 00 00 00 00 0O 00 00 00 00 00 00 00 ................
0000: 0020 00 00 00 00 00 00 OO0 00 00 00 00 00 00 00 00 00 ................
0000: 0010 00 00 00 OD 00 00 00 00 00 00 00 00 00 00 00 00 ................
0000: 0020 00 00 00 00 00 00 OO0 00 0O 00 00 00 00 00 00 00 ................
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0000: 0030 D6 1F 00 FO 00 00 00 00 0O 00 00 00 00 00 00 00 ................

While thecursoris in thehex field data is enteredn hex digits,eachdigit beingshiftedin from the right
astheyareenteredj.e. to enter23 you would moveto the hex entry for the required addressandtypein
thenumber 2 giving 02 then3 which would causethe 2 to moveleft giving 23. If you now enter4 then
the 3 will move left replacing the 2 and the 4 will be entered giving 34.

If thecursoris in the ASCII field datais enteredas ASClIbytesi.e. charactersrom the keyboardjncluding
controlcharacter§CTRL+char). To advancehe cursorto the nextbyte, the cursorkeysareusedin the hex
field, butit is doneautomatically in the ASCII field. Whentextis enterednto the lastfield on the right,
the cursor is advanced to the first field of the next 16 bytes.

This command is terminated by pressing ESCAPE.
*SR  Search memory for atext string
Syntax: *SR (<segment:>) <start offset> <end offset> <"string">

Function:  Search memoryfor a specifiedtext string reportingall occurrencesn the segment:offset
form. i.e.

*SR 0000 0200 " AAAA33"

0000: 0040

0000: 00C6

0000: 011C

*
The address given is of the first byte of the matchingstring. The searchstring must be enclosedn
double quotes(") andcanbeupto 72 charactersin length (the maximumlengthof a commandline is
80 characters)The endoffset specified is the end address1 of thesearcharea,soto allow the searcho
continue right up to the end of a segment an end address of O can be specified i.e.

*SR 4000 0 "fred"

This will searchfrom 4000Hup to FFFFHinclusive.The conditionfor a stringto be foundis thatit must
be completely contained within the search area, i.e. if the string "fred" lives at 03FFDH then

*SR 0 4000 "fred"
Will not report it butif our string"fred" lives at 03FFCHthenthe abovesearchwill find it. Any 8 bit
characterstring can be searchedor using escapesequenceto allow control codesand charactersabove
07FHto be specified.The | characteris used to denote an escapeequence.e. |@ is asciiO and|G is
ascii 7. |? is ascii 7F and characters over 80H as preceded by |!.
Any escapesequenceghat are not recognisedare reducedo theargumenalone,i.e."|1" is reducedo
"1". Any surplus |! operators are ignored, i.e. "[!|'|@" is reduced to "|!'|@".

*TFER Transfer blocks of memory between 80186 and 65C12

Syntax: *TFER <I/O address> (<segment:>) <offset> <length> <R/W>
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Function:  This utility allows fast block transferof memorybetweenthe 80186 co- processolandthe
65C12host processor.The directionof transferis specifiedby the final parametewhich mustbe R (read)
or W (write). W indicatesa write to 65C12memoryfrom 80186memory.R indicatesa readfrom 65C12
memoryto 80186 memory. The transferis implementedusingOSWORD OFAH (describedelow)andis
optimisedto use fast transfertypes6 and7 (10us/byte)wherepossible.If the transferlengthis not a
multiple of 256 (FFH) bytes any remaining bytes are transferred using types 0 and 1 (24us/byte).

REFERENCES

Detailed technical informationon the 80186,including the extensiongo the instruction set overthe 8086
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