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FOREWORD

The NCR DECISION MATE V System Technical Manuals are de-
signed to provide both hardware and software information: they
are intended for designers, system integrators, programmers, and
other interested persons who require detailed information on the
construction and operation of the NCR DECISION MATE V.

Problems arising from any changes that you make to the
hardware or software of the NCR DECISION MATE V are your
responsibility. NCR cannot assist in resolving problems that may
arise when making changes to the hardware or software.

The first manual provides general information on the NCR
DECISION MATE V and its various options. Information is
included on how to identify the various models and kits that are
available. The hardware description includes information about
the I/O bus, signal levels, power requirements, and plug/pin
assignments.

The other manuals provide information on the various opera-
ting system software used with the NCR DECISION MATE V. The
software descriptions include information for using system rou-
tines at machine code level.

The appendices provide schematics, component locations,
software listings, and other information that may be helpful to
the user of these manuals.
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MS-DOS SOFTWARE FOR INPUT/OUTPUT

MS-DOS software is an operating system that loads from flexible
disk into read/write memory. A set of fréquently used utilities re-
side in memory while others are loaded from disk as required.

I/O functions can be executed by means of system calls.
These ‘“‘calls” are, in fact, executed by using the 8086 software
interrupt. Interrupt 21H is of particular interest as it provides
access to a large number of Function Requests, simply by placing
the number of the requested function in the register AH. Registers
not used to return information are correctly restored upon return
from the function call. The only exception is the register AX.

The MS-DOS user who wishes to make use of MS-DOS internal
and external commands only, should refer primarily to the NCR
MS-DOS User’s Guide. The I/O examples in this chapter will be
of interest mainly to machine code programmers. A full explanation
of MS-DOS use of software interrupts is to be found in the NCR
MS-DOS Programmer’s Manual. Machine code programmers are
recommended to refer to this manual, where you will also find
information regarding file and disk management.

LOGICAL DISK LAYOUT

FLEXIBLE DISK (5 1/4-inch)

The drive for flexible disk is designed to make use of double-
sided disks with double-density storage of data on 48 or 96 tracks
per inch (TPI), i.e. 80 or 160 tracks per disk. The two surfaces are
designated surface 0 and surface 1. Each track is divided into 5, 8
or 9 equal sectors. Each sector is further divided into an address
area and a data area.

The following is a description of the logical layout and for-
matting requirements for flexible disks being used by MS-DOS.
Figure 4.1 presents the corresponding schematic layout. Certain
elements of formatting on the flexible disk are fixed and in-
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variable. This applies in particular to the address area (surface
number, track number, etc.). However, the flexible disk has not
been initialized at manufacture with this information. It is the
user’s responsibility to include this information in the initializ-
ation process. If you wish, the format utility will do this for
you.

NOTE: With regard to hexadecimal values in the following de-
scription, the most significant bit (Bit 7) in each byte is
recorded first.

Gap 4
This presents a filler immediately prior to the physical index
hole. This gap is filled with bytes of hexadecimal 4E. The
number of these bytes can vary, but a typical number is 873
for flexible disks formatted with 8 sectors per track, and 512
bytes per sector (48 TPI disk with 320 KB).

Gap 1
Immediately following the index hole: 80 bytes of 4E, then 12
bytes of zero, then 3 bytes of hexadecimal C2, then FC, then
50 bytes of 4E. This gap and Gap 4 serve to compensate for
timing variations due mainly to rotational speed.

Sync Field
12 bytes of zero to resynchronize the PLO (phase locked
oscillator) after encountering timing discrepancies resulting
from in-place updates or re-initialization.

AM (Address Marker)
3 bytes of hexadecimal Al followed by FE. The Al bytes have
a missing clock transition between bits 2 and 3. (Both these
bits and the bit immediately above and below these bits are
reset, i.e. value 0.) AM indicates that address information
follows.

DM (Data Marker)
As with AM, except that FB follows the Al bytes. DM indi-
cates that data follows.

CM (Control Marker)
3 bytes of hexadecimal C2 followed by FC. The C2 bytes have
a missing clock transition between bits 3 and 4. (Both these
bits and the bit immediately above and below these bits are
reset, i.e. value 0.) CM indicates that control information
follows.

ID (Address) Field
The 4 bytes following the address marker (AM) must contain
the following information:
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Byte 1 Track (cylinder) number zero through 27H.

Byte 2 Surface (head) number: 00 = surface 0, 01=surface 1.

Byte 3 Sector number 01 through 05, 08 or 09.

Byte 4 Physical record length: 02 indicates 512 bytes per
sector, 08 indicates 1024 bytes per sector

Data
The 512/1024 bytes following the data marker (DM) are avail-
able for data storage.
CRC (Cyclic Redundancy Check)
Polynomial codes are recorded in 2 bytes at the end of each
address or data area for error checking purposes.
In the case of an address area, the CRC value is computed
using the preceding 8 characters (i.e. A1, Al, Al, FE, and the
4 address bytes).
For a data area, the preceding 516/1028 bytes are used
(i.e. Al, Al, Al, FB, and the 5612/1024 data bytes).
Gap 2
22 bytes of hexadecimal 4E immediately following the address
CRC.
Gap 3
80 bytes of hexadecimal 4E immediately following the data
CRC.

The format utility on your NCR MS-DOS flexible disk func-
tions in accordance with the following default parameters for
48/96 TPI disks, resp. Four other formats are available (see User’s
Guide and BIOS Parameter Block BPB in program LOADER/
FDBOOT in Appendix C).

Number of heads — 2

Number of sectors/track — 9/5

No hidden sectors.

Bytes per sector — 512/1024

Sectors per allocation unit — 2

Reserved sectors — 1

File allocation tables — 2

Root directory entries — 112/160

The first sector of the flexible disk formatted by the MS-DOS
format utility contains a boot loader preceded by a BIOS param-
eter block (BPB). You can find details of the MS-DOS BPB and of
how to set one up in the LOADER/FDBOOT module of the I/O
software (see Appendix C) and the MS-DOS Programmer’s Manual
respectively.
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WINCHESTER DISK

The Winchester disk software format is similar to that of the flexi-
ble drive in that an index mark is recognized (a pulse of at least
200n8S) followed by ID and Data Fields, including check bytes.
Figure 4.2 shows this layout.

Gap
30 bytes of 4K for a sector length of 512 bytes.
CYL HIGH
Value FF: cylinders 256 to 511
Value FE; cylinders 0 to 255
Value FD: cylinders 768 to 1023
Value FC: cylinders 512 to 767
HEAD
Bit 7 indicates a bad block
Bytes of 4E
A typical number of these bytes is 304 at 3600 r.p.m.

The capacity of the Winchester disk is 10Mbytes in 1224
tracks. Track density is 812 tracks per inch. The Winchester disk
may optionally be regarded as two logical units, each with a
capacity of 5Mbytes and 305 cylinders per logical unit (cylinder
306 is reserved for diagnostic purposes or as one logical unit with
10MB capacity and 610 cylinders (2 cylinders are reserved). MS-
DOS uses the Winchester disk as follows:

Number of sectors/track — 17

Bytes per sector — 512

Sectors per allocation unit — 16 (8 if 10 MB disk)

Number of reserved sectors —1 (0 if non-bootable 5 MB disk)
File allocation tables — 1

Root directory entries -— 512 (496 if bootable 5 MB disk)

DEVICE DRIVERS

A special feature of MS-DOS is that it pe.mits the programmer to
write specialized device drivers which can be activated via MS-DOS
Function Request interrupts. It is possible to set up character
device drivers for console, printer, and user-defined devices.
Additionally, block device drivers for disk I/O can be created.

A Device Header assigns the logical I/O function, determines
whether control strings can be handled, and contains pointers to
its interrupt and strategy routines, as well as to other device
headers. User-defined device drivers can be used in place of the
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standard I/O devices. The device driver can be installed anywhere
in memory by MS-DOS.

Calling a device driver means that a Request Header at ES :BX
is passed to the strategy entry point. The Request Header contains
information regarding the exact type of I/O function to be per-
formed. It is the user’s repsonsibility to save any register contents
he requires on the stack. If more than 20 pushes are needed, the
driver should set up its own stack.

The user should refer to the NCR MS-DOS Programmer’s
Manual for details of Device and Request Headers.

The following description relates to the means — already
provided by MS-DOS — of communication with devices. This
I/O control for devices is the Function Request, activated by
loading register AH with 44H and then issuing interrupt type 21H.

Function 44H sets or gets device information associated with
an open handle, or sends/receives a control string to a device
handle or device. The entry and return parameters are as follows:

Entry
BX — Handle
BL — Drive (for calls AL =4 or 5: 0 =default, 1 = A, etc.)
DS :DX — Data or buffer
CX — Bytes to read or write
AL — Function code; see text
Return
Carry set:
AX — 6 = invalid handle, 1 = invalid function, 13H = invalid
data, 5 = access denied
Carry not set:
AL=2,38,4,0r5:
AX = Count transferred
AL =6 or 7: 00 = Not ready, FF = Ready

The following values are allowed as function code:

0 Get device information (returned in DX)
1 Set device information (as determined by DX)
2 Read CX number of bytes into DS :DX from device control

channel

3 Write CX number of bytes from DS :DX to device control
channel

4 Same as 2, only drive number in BL 0 = default, A: = 1,
B:=2,...

4-6
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5 Same as 3, only drive number in BL 0 = default, A: = 1,
B:=2,...

6 Get input status

T Get output status

This function can be used to get information about device
channels. Calls can be made to regular files, but only calls 0, 6, and
T are defined in that case (AL =0, 6, or 7). All other entry values
return an invalid function error.

Entry values AL =0and AL=1
The bits of DX for entry values are defined as in Figure 4.3.
Note that the upper byte must be zero on a set call (AL =1).

% 14 13 12 11 10 9 8 7 6 5 4 3 2 1 0
R] C | E| R[ S| I 1 ! 1
e| T s|o|l Al P|S]| S| s} s
s| R Reserved D| F| W] E|JC| N] Cc| C
L E c| L] uf of i
\ L] K] L] TI N
Figure 4.3

ISDEV = 1 if this channel is a device, or 0 if this channel is
a disk file (Bits 8-15 = 0 in this case)

If ISDEV =1

EOF = 0 if End Of File on input

RAW =1 if this device is in Raw mode

ISCLK =1 if this device is the clock device

ISNUL = 1 if this device is the null device

ISCOT = 1 if this device is the console output

ISCIN =1 if this device is the console input

SPECL = 1 if this device is special

CTRL = O if this device can not do control strings via calls
AL=2and AL = 3.

CTRL = 1 if this device can process control strings via calls
AL=2and AL = 3.

NOTE that bit 15 cannot be set.

IfISDEV =20

EOF = 0 if channel has been written

Bits 0-56 are the block device number for the channel (0 =A:,
1=B;...)

Bits 15, 8-13, 4 are reserved and should not be altered.
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Entry values AL =2, 3,4, or 5:

These four entry values allow arbitrary control strings to be
sent or received from a device. The entry syntax is the same
as for read and write, except for 4 and 5, which take a drive
number in BL instead of a handle in BX. ' .

An invalid function error is returned if the CTRL bit is O.

An access denied is returned by calls AL = 4 or 5 if the drive
number is invalid.

Entry values 6 or 7

These two values allow the user to check whether a file handle
is ready for input or output. Status of handles open to a device
is the intended use of these entries, but status of a handle open
to a disk file is allowed, and is defined as follows:
Input:

Always ready (AL = FF) until EOF reached, then always

not ready (AL = 0) unless current position changed.
Output:

Always ready (even if disk full).

NOTE: The status is defined at the time the function is acti-
vated. On future versions, by the time control is returned
to the user from the system, the status returned may not

correctly reflect the true current state of the device or
file.

Error returns:

AX

6 = invalid handle — the handle passed in BX was not currently
open.

1 = invalid function — the function passed in AL was not in
the range 0...17.

13H = invalid data

5 = access denied (AL =4, 5, 6, or 7 at entry)

Your NCR MS-DOS Programmer’s Manual contains sample

block and character device driver programs.

48
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8086 INTERRUPT HANDLING

In addition to the hardware interrupt facility of the micropro-
cessor, the 8086 provides additional capability of software inter-
rupt setting and handling. A one or two byte interrupt instruction,
INT or INT n, where n is the interrupt identification number
(not a hexadecimal address in the interrupt vector), forces exe-
cution of the following:

® PUSH Flags

® Clear Interrupt Flag

e PUSH CS and Instruction Pointer
® CALL interrupt service routine.

Use of the IRET instruction subsequently ensures that Instruc-
tion Pointer, CS, and Flags are correctly POPped. The 8086 Flags
Register contains a Trap Flag. If set, this flag will force an inter-
rupt upon completion of an instruction cycle.

Figure 4.4 shows reserved areas in lower memory for interrupt
handling. Interrupts type O through 31 (0. ..19H) are either used
by the CPU directly or are to be considered as reserved for similar
purposes. Of the remaining interrupt types 32 through 255
(20H . . . OFFH), types 32 through 39 (20H . . . 27H) are used by
MS-DOS, and those between 40 and 64 (28H . . . 40H) should
be considered as reserved for MS-DOS.

4.9



003FCH

00104H
00100H

000AOH
0009CH

00080H

00010H
0000CH

00008H

00004H

00000H

With the exception of the transient part of COMMAND.COM
and the user stack set up by MS-DOS, the MS-DOS I/O software
and subsequently loaded files are situated towards the lower end

Type FFH

/.
7/

/L
/f

Type 41H

Type 40H

/L
7/
/4.

L4

Type 28H

Type 27H

VyA
7/
rya

7/

Type 20H

vy
7/
/L

L4

Overflow

INT 3 (OCCH)

Type 3

NMI

Type 2

Single Step
{Trap Flag)

Type 1

Zero Divide

Type O

Figure 4.4 Interrupt vector

MS-DOS MEMORY MAP

of memory, as shown in Figure 4.5.

It must be appreciated that beyond specifying the end of the
interrupt vector, absolute machine addresses for the various parts
of MS-DOS cannot be given. This is because of the different hard-

user
available

reserve
for MS-DOS

used by
MS-DOS

ware characteristics with which MS-DOS must interface.
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Transient part of COMMAND.COM: command interpreter,
internal commands, batch processor

User stack for .COM files (256 bytes)

External command or utility

//
77

Yy
~7/

Resident part of COMMAND.COM; interrupt handlers for
INT 22H {Terminate Address), 23H {CONTROL.-C Exit
Address), and 24H (Fatal Error Abort Address); code to
reload transient part

MS-DOS buffers, control areas, installed device drivers

MSDO0S.SYS: MS-DOS interrupt handlers, service routines
(incl. INT 21H functions)

10SYS: MS-DOS interfacs to hardware
00400H

Interrupt Vector Table
00000H

Figure 4.5 MS-DOS memory map

Top of memory is, of course, dependent on the physical size
of RAM in your own NCR DECISION MATE V. If you are using
64K bytes, MS-DOS makes approximately 34Kbytes available for
MS-DOS external utilities or user programs.

MS-DOS INTERRUPTS

MS-DOS makes use of the following software interrupts. Of par-
ticular interest is INT 21H, which is the Function Request inter-
rupt (see ‘“‘Function Requests™).

Before attempting to use these interrupts, the programmer
should refer to the NCR MS-DOS Programmer’s Manual.

4-11



Interrupt Description
{Hex)
20 Program Terminate
21 Function Request
22 Terminate Address
23 CONTROL-C Exit Address
24 Fatal Error Abort Address
25 Absolute Disk Read
26 Absolute Disk Write
27 Terminate But Stay Resident

Figure 4.6 MS-DOS interrupts

FUNCTION REQUESTS

MS-DOS offers the programmer a number of I/O functions via a
common entry point in the interrupt vector. This is by far the
most expedient way of activating I/O functions, as this entry point
remains the same, irrespective of the hardware characteristics
being interfaced by MS-DOS. The appropriate hexadecimal func-
tion number is placed in register AH. In addition, some functions
require additional entry parameters in other registers. The func-
tion is activated by the two byte instruction INT 21H. Certain
functions yield a return value or set flags.

A summary of the Function Requests is given in Figure 4.7.
For full descriptions, especially with regard to file and directory
handling functions, you should refer to the NCR MS-DOS Pro-
grammer’s Manual.

4-12
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Function Description Entry/Return Parameters
{Hex)
00 Terminate program
01 Read keyboard, echo to display Return: next character pressed in
02 Display character Entry: character in DL
03 Input from auxiliary device Return: character in AL
04 Output to auxiliary device Entry: character in DL
05 Send character to printer device Entry: character in DL
06 Direct console 1/O (CONTROL-C | Entry: if DL <> OFFH then
not recognized) character is displayed, otherwise. . .
Return: character in AL and zero
flag reset. I1f no character ready
then zero flag setand AL = 0.
07 Read keyboard, no echo Return: next key pressed in AL
(CONTROL-C not recognized)
08 As 07, except CONTROL-C As 07
recognized
09 Display string until $ encountered| Entry: DS :DX segment: offset
{$ not displayed) of beginning of string.
0A Read keyboard input to memory | Entry: DS :DX beginning of buffer;
buffer DS: [DX] max. no. of characters
in buffer
Return: DS: [DX+1] actual no. of
characters in buffer
08 Check keyboard status Return: if AL = OFFH, then charac-
ter is ready, otherwise AL =0
oc Clear queue in type-ahead buffer | Entry: Function 1,6, 7, 8, or 0AH
in AL if subsequently required
Return: 0 in AL indicates buffer
flushed
oD Disk reset, including writing of
buffers recognized as modified
OE Select default disk Entry: drive no. in DL (0 = A etc)
Return: no. of logical drives avail-
able
OF Open file Entry: DS:DX address of FCB
Return: AL = 0: directory entry
found; otherwise OFFH
10 Closs file As OF
11 Search for first entry Entry: DS :DX address of FCB

Return: AL = 0: directory entry
found; otherwise OFFH

Figure 4.7 (1 of 6)
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Function
{Hex)

Description

Entry/Return Parameters

12

13

14

16

16

17

19

1A

21

22

23

24

Search for next entry, using FCB
specified in Function 11

Delete all matching directory
entries (wildcard ? acceptable)

Sequential read according to
current record at offset 20H,
current block af offset OCH,
record size at offset OEH, all
offsets to FCB beginning

Sequential write, FCB details
as in Function 14

Craate file, deleting matching
directory entry, if any

Rename file to filename2 at
offset 11H to FCB beginning
{wildcard ? acceptable)

Current disk drive

Set Disk Transfer Address to
override default of 80H in
Program Segment Prefix

Random read. Current block
(offset OCH to FCB beginning)
and current record (offset 20H)
are set to the Relative Record
(offsat 21H). Record thus ad-
dressed is loaded to DTA

Random write. FCB details as
in Function 21, then write from
DTA. Records buffered until
record size (612 bytes) attained

i=ile size in records returned to
offset 21H to FCB beginning

Set relative record at offset 21H .
to FCB beginning to same file
address as at current block (off-
set OCH) and current record
(offset 20H)

Entry: DS:DX address of FCB
Return: AL = 0: further matching
directory entry found, otherwise
OFFH

Entry: DS:DX address of FCB
Return: AL = 0: at least one
matching directory found, other-
wise OFFH

Entry: DS:DX address of FCB
Return: AL = 0: normal read;
AL =1: EOF,noread; AL=3:
EOF, partial read; AL = 2: not
enough room at Disk Transfer
Address

Entry: DS :DX address of FCB
Return: AL = 0: normal write;
AL = 1: disk full, no write;

AL = 2: not enough room at Disk
Transfer Address, no write

Entry: DS DX address of FCB
Return: AL = 0: new entry;
AL = OFFH: no entry space, no
deletion

Entry: DS DX address of FCB
Return: AL =0: OK. AL = OFFH:
no matching entry for filename1

Retum: current disk drive in AL
(Q = drive A etc)

Entry: Disk Transfer Address in
DS:DX

Entry: DS DX address of FCB
Return: see Function 14 *'Se-
quential Read"

Entry: DS DX address of FCB
Return: see Function 15 "'Se-
quential Write"”

Entry: DS:DX address of FCB
Return: AL = 0: directory entry
found, otherwise OFFH

Entry: DS:DX address of FCB

4-14

Figure 4.7 (2 of 6)




SYSTEM TECHNICAL MANUAL

MS-DOS SOFTWARE FOR INPUT/OUTPUT

Function
(Hex)

Description

Entry/Return Parameters

25

27

28

29

2A

2B

2C

2D

2E

2F

30

31

The contents of DS:DX replaces
the 4 byte CS: [P value for the
interrupt type no. contained in
register AL

Random block read. Starting at
the record specified by relative
record (offset 21H to beginning
of FCB), CX no. of blocks are
read to the Disk Transfer Ad-
dress. Current block/record and
Relative Record then set to ad-
dress next record

Random block write. Details as
in Function 27, then write from
Disk Transfer Address. Blocks
allocated only as required

Parse command string for legal
drive: filename ext

Get date as binary numbers

Set date in binary numbers

Get time as binary numbers

Set time in binary numbers

Set or reset Verify Flag checked
after each disk write

Get Disk Transfer Address

Get MS-DOS version number

Terminate but keep current
process

Entry: DS :DX address of FCB;
CX number of blocks to be read
Return: see Function 21; also,
CX = no. of blocks actually read

Entry: DS :DX address of FCB;
CX number of blocks to be written
Return: see Function 22; also

CX = no. of blocks actually writ-
ten

Entry: DS S| string to parse;
ES:D! address for FCB; Al.:
parameters for filling in FCB
Return: AL = OFFH: drive letter
invalid; AL = 1: wildcards used:
AL =0: no wildcards used

Return: year in CX; month in
DH; day in DL; day of week
in AL

Entry: year in CX; month in DH;
day in DL

Return: AL = 0: date valid, other-
wise AL = OFFH

Return: hour in CH; minutes in
CL;seconds in DH; 1/100 second
in DL

Entry: hour in CH; minutes in
CL; seconds in DH; 1/100 second
in DL

Return: AL = 0: time valid, other-
wise AL =0FFH

Entry: AL = 0: no verify:
AL = 1: verify

Return: Disk Transfer Address in
ES BX

Return: major version in AL; minor
version in AH

Entry: exit code in AL; no. of para-
graphs for initial allocation block
in DX

Figure 4.7 {3 of 6)

4-15



Function
{Hex)

Description

Entry/Return Parameters

33

35

36

38

39

3A

3B

3C

3D

3E

Check for CONTROL-C during
any function

Get address of interrupt service
routine

Get free disk space

Get country-dependent infor-
mation

Create sub-directory

Remove a directory entry

Change the current directory

Create a file. If file exists, then
it is truncated to zero length

Open a file

Close a File Handle and flush
internal buffers

Entry: if AL = 0 then current state
will be returned;if AL =1 then DL
must be 1 (check on) or 0 {check
off)

Return: DL = 1: check is on;

DL =0: check is off

Entry: interrupt number in AL
Return: ES:BX points to service
routine

Entry: drive in DL (0 = default,
1=A,etc)

Return: no. of allocation units on
drive in DX; sectors per allocation
unit in AX or OFFH if invalid drive;
bytes per sector in CX; no. of free
atlocation units in BX

Entry: country code in AL,; address
where information is to be written
in DS:DX

Return: AX =2 and Carry Flag set:
country not found

Entry: pointer to pathname in
DS:DX

Return: carry reset: OK; carry set
and AX = 3 or 5: error

Entry: pointer to pathname in
DS:DX

Return: carry reset: OK; carry set
and AX =3 or5or 16: error

Entry: pointer to pathname in
DSDX

Return: carry reset: OK; carry set
and AX = 3: error

Entry: pointer to pathname in

DS :DX; attribute in CX

Return: carry reset: handle number
in AX; carry setand AX =34, or
5: ervor)

Entry: DS :DX points to name of
file to be opened; AL. contains O
(r/o) or 1 {w/o) or 2 {r/w)

Return: carry reset: handle number
in AX;carry setand AX=2,4,5
or 12: error

Entry: handle number in BX
Return: carry reset: OK; carry set
and AX = 6: error

4-16
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Function Description Entry/Return Parameters
(Hex)
3F Read from a file or device Entry: DS:DX points to buffer; no.
of bytes to read in CX; file handle
no.in BX

Return: carry reset: no. of bytes

read in AX; carry setand AX =5

or 6: error

40 Write to a file or device Analogous to Function 3F,

41 Delete a directory entry Entry: pointer to pathname in
DS:DX

Return: carry reset: OK; carry set
and AX =2 or 5: error

42 Movwe file pointer according to Entry: method in AL; CX:DX dis-
one of three methods: 0: offset tance to move; BX handle number
relates to beginning of file; 1: Return: carry reset: OK; new
offset relates to current position; | pointer location in DX:AX; carry
2: offset relates to end set and AX =1 or 6: error

43 Change or return attributes ofa Entry: pointer to pathname in
file DS:DX;if AL = 1 then new attri-

butes in CX, otherwise AL must
be zero for return

Return: carry reset: attributes in
CX;carry setand AX=1, 3or

5: error
44 Set or get device information re- | See “Device Drivers”
lating to an open handle; send or
receive control string to a device
handle or device. See “Device
Drivers”
45 Duplicate a file handle Entry: file handle in BX
Return: carry reset: new file handle
in AX; carry setand AX =4 or 6:
error
46 Force a duplicate of a handle As Function 45, additionally new
file handle in CX at entry
47 Get current directory Entry: drive number in DL (0 =
default, 1 = A etc); DS :DI points
to 64 byte memory area
Return: AX = 15: invalid drive
48 Allocate memory iEn'cry: size of requested allocation
n BX
Return: carry reset: AX points to
allocated memory; carry set and
AX =7 or 8: error
49 Free allocated memory Entry: segment address of area to

be freed in ES
Return: carry reset: OK; carry set:
error

Figure 4.7 (5 of 6)
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Function
(Hex)

Description

Entry/Return Parameters

4A

4B

4C

4D

4E

4F

54

56

57

Modify size of allocated memory
area

Load and execute a program using
parameters: WORD segment ad-
dress of environment, DNVORD
pointer to command line at 80H;
DWORD pointers to default FCBs
to be passed at 5CH and 5DH.
Load only using parameters:
WORD segment address where file
will be loaded, WORD relocation
factor

Terminate current process and re-
vert control to invoking process.
No need to reset CS to Program
Header Prefix. Files automati-
cally closed

Retrieve return code of a child
process

Find matching file {wildcards
allowed) where attributes also
match. Data block is written to
current DMA

Find next matching entry in di-
rectory. DMA address must point
at block written by Function 4E

Get verify flag

Move a directory entry to another
path on same drive

Get or set date/time of file as
soon as it is closed

Entry: segment address of memory
area in ES; requested size in BX
Return: carry reset: OK; carry set
and A=7,8o0r9: error

Entry: DS:DX points to name of
file to be loaded; ES :BX points

to a parameter block; AL = 0: load/
execute; AL = 1: load only

Return: carry reset: OK; carry set
and AX=1,2,8,100r 11: error

Entry: optional return codes in Al

Return: exit code in AL; reason for
exit in AH: 0 = terminate/abort,

1 =CONTROL-C, 2 = hard error,

3 = terminate but stay resident

Entry: DS:DX points to pathname;
CX contains attributes

Return: carry reset: QK; carry set
and AX = 2: invalid path; carry set
and AX = 18: no match found

Return: carry reset: OK; carry set
and AX = 18: no match found

Return: verify flagin AL

Entry: DS:DX points to pathname
of existing file; ES:DI points to
new pathnames

Return: carry reset: OK; carry set
and AX=2,50r 17: error

Entry: if AL = 1 then BX contains
file handle number, CX time to be
set, DX date to be set ’
Return: error if AX = 1 or 6; time/
date in CX/DX if AL was O at entry

4-18
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CP/M-86 COMPATIBILITY

In the interest of compatibility with CP/M-86 programs, MS-DOS
offers an alternative, restricted access to the Function Requests.
This involves loading the function number into the CL register.
Entry parameters can be loaded into the appropriate registers.
Instead of issuing INT 21H, the program must call (short) location
0005 in the current Code Segment.

NOTE: This method can be used only with functions 00 through
24H, and only if register AL is not required for parameter
transfer. :

THE MS-DOS PROGRAM SEGMENT

When an external command is typed, or when you execute a pro-
gram through the EXEC system call, MS-DOS determines the
lowest available free memory address to use as the start of the pro-
— gram. This area is called the Program Segment.

The first 256 bytes of the Program Segment are set up by the
EXEC system call for the program being loaded into memory. The
program is then loaded following this block. An .EXE file with
minalloc and maxalloc both set to zero is loaded as high as possi-
ble.

At offset 0 within the Program Segment, MS-DOS builds the
Program Segment Prefix control block (see Figure 4.8). The pro-
gram returns from EXEC by one of four methods:

1. A long jump to offset 0 in the Program Segment Prefix

2. By issuing an INT 20H with CS:0 pointing at the PSP

3. By issuing an INT 21H with register AH = 0 with CS:0 poin-
ting at the PSP, or 4CH and no restrictions on CS

4. By a long call to location 50H in the Program Segment Prefix
with AH = 0 or Function Request 4CH

NOTE: All programs must ensure that the CS register contains the
segment address of the Program Segment Prefix when termi-
nating via any of these methods, except Function Request
4CH. For this reason, using Function Request 4CH is the pre-
ferred method.
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All four methods result in transferring control to the program
that issued the EXEC. During this returning process, Interrupts
22H, 23H, and 24H (Terminate Address, CONTROL-C Exit Ad-
dress, and Fatal Error Abort Address) addresses are restored from
the values saved in the Program Segment Prefix of the terminating
program. Control is then given to the terminate address. If this is
a program returning to COMMAND.COM, control transfers to
its resident portion. If a batch file was in process, it is continued;
otherwise, COMMAND.COM performs a cheeksum on the transient
part, reloads it if necessary, then issues the system prompt and
waits for you to type the next command.

When a program receives control, the following conditions are
in effect.

The segment address of the passed environment is contained at
offset 2CH in the Program Segment Prefix.

The environment is a series of ASCII strings (totaling less than
32K) in the form:

NAME = parameter

Each string is terminated by a byte of zero, and the set of
strings is terminated by another byte of zero. The environment
built by the command processor contains at least a COMSPEC =
string (the parameters on COMSPEC define the path used by MS-
DOS to locate COMMAND.COM on disk). The last PATH and
PROMPT commands issued will also be in the environment, along
with any environment strings defined with the MS-DOS SET
command.

The environment that is passed is a copy of the invoking pro-
cess environment. If your application uses a ‘‘keep process’ con-
cept, you should be aware that the copy of the environment
passed to you is static. That is, it will not change even if subse-
quent SET, PATH, or PROMPT commands are issued.

Offest 50H in the Program Segment Prefix contains code to
call the MS-DOS function dispatcher. By placing the desired func-
tion request number in AH, a program can issue a far call to offset
50H to invoke an MS-DOS function, rather than issuing an Inter-
rupt 21H. Since this is a call and not an interrupt, MS-DOS may
place any code appropriate to making a system call at this position.
This makes the process of calling the system portable.

The Disk Transfer Address (DTA) is set to 80H (default DTA
in the Program Segment Prefix).
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File control blocks at 5CH and 6CH are formatted from the
first two parameters typed when the command was entered. If
either parameter contained a pathname, then the corresponding
FCB contains only the valid drive number. The filename field will
not be valid.

An unformatted parameter area at 81H contains all the charac-
ters typed after the command -(including leading and imbedded
delimiters), with the byte at 80H set to the number of charac-
ters. If the <, >, or parameters were typed on the command line,
they (and the filenames associated with them), will not appear in
this area; redirection of standard input and output is transparent
to applications.

Top of Long call to
INT hex 20 memory | Reserved | DOS function dis-
patcher (5 bytes)

CTRL-BREAK
Terminate address exit address
(tp, CS) (iP)

CTRL-BREAK | CRITICAL ERROR
exit address exit address
(Cs) (ip, CS)

10

< RS
T Used by DOS N
2C

5C
1

Formatted Parameter Area 1

formatted as standard unopened FCB

6C r
Formatted Parameter Area 2

formatted as standard unopened FCB
(overlaid if FCB at hex 5C is opened)

80

7L
f—

/L
7/

Unformatted parameter area
(default disk transfer area)

100
Figure 4.8 MS-DOS Program Segment Prefix
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Offset 6 (one word) contains the number of bytes available in
the segment.

Register AX indicates whether or not the drive specifiers
(entered with the first two parameters) are valid, as follows:

AL = FF if the first parameter contained an invalid drive
specifier (otherwise AL = 00)
AH = FF if the second parameter contained an invalid drive
specifier (otherwise AH = 00)

Offset 2 (one word) contains the segment address of the first
byte of unavailable memory. Programs must not modify addresses
beyond this point unless they were obtained by allocating memory
via the Allocate Memory system call (Function Request 48H).

Figure 4.8 illustrates the layout of the Program Segment Pre-
fix. All offsets are in hexadecimal. You should note:

e First segment of available memory is in segment (paragraph)
form (for example, hex 1000 would represent 64K).

® The word at offset 6 contains the number of bytes available
in the segment.

® Offset hex 2C contains the segment address of the environ-

ment.

SETTING OF CPU REGISTERS

Upon loading an EXE or COM program, MS-DOS sets the segment
registers, instruction pointer, and stack pointer.

EXE PROGRAMS

DS and ES registers are set to point to the Program Segment Pre-

fix.
CS, IP, SS, and SP registers are set to the values passed by

MS-LINK.

COM PROGRAMS

All four segment registers contain the segment address of the
initial allocation block that starts with the Program Segment
Prefix control block.

All of user memory is allocated to the program. If the program
invokes another program through Function Request 4BH, it must
first free some memory through the Set Block (4AH) function
call, to provide space for the program being executed.
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The Instruction Pointer (IP) is set to 100H.

The Stack Pointer register is set to the end of the program’s
segment. The segment size at offset 6 is reduced by 100H to allow
for a stack of that size.

A word of zeros is placed on top of the stack. This is to aliow
a user program to exit to COMMAND.COM by doing a RET in-
struction last. This assumes, however, that the user has maintained
his stack and code segments.

TERMINAL FUNCTIONS

This section concerns the possibilities of software manipulation of
the CRT display and loudspeaker output. MS-DOS recognizes a
number of codes which are applicable to cursor movement, partial
or whole screen clearance, variation of CRT intensity, and activa-
ting the loudspeaker. One or more functions are possibly not im-
plemented on some machines. This section summarizes the func-
tion codes. It must be appreciated that functions cannot be
attributed to specific keys on the keyboard. This is because there
is a wide variety of keyboards available for different parts of the
world. By checking in the relevant column for a particular key-
board in the chapter “Keyboard Codes” in the Hardware Descrip-
tion, it is, however, possible to find keys which can be used in
setting a particular function.

MS-DOS on your NCR DECISION MATE V recognizes the
function codes used by the Lear Siegler ADM-31™ terminal, with
the following exceptions: 17H (Clear to End of Line), 1BH with
2AH, and 1BH with 3AH (Clear Screen and Cursor Home), and
1BH with 4DH (Play Music) are implemented in your NCR DE-
CISION MATE V. The Lear Siegler ADM-3A terminal uses the
functions which do not commence with 1BH (exception: 17H —
Clear to End of Line). Figure 4.9 presents a summary of the func-
tion codes which, with the exceptions stated here, are compatible
with these Lear Siegler terminals.

MS-DOS on your NCR DECISION MATE V also recognizes
the MS-DOS ANSI function codes. Figure 4.10 summarizes
these functions.

If your NCR DECISION MATE V has a color CRT, you can
refer to Figure 4.11 for details of graphic settings. (Those codes
which do not involve color also work with a monochrome CRT.)

Using the function codes from Figure 4.11 you can conca-
tenate any number of graphic parameter settings without repeating
the introductory 1BH 5BH sequence. In that case, 3BH must be
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TERMINAL FUNCTION CODES (1)

Function Hexadecimal Code
POSITION CURSOR* 1B 3D
followed by
row + offset row + 20
followed by
col + offset col +20
CURSOR LEFT
(non-destructive backspace) 08
CURSOR DOWN
(line feed) 0A
CURSOR RIGHT
(non-destructive forward space) | 0C
CURSOR UP
(reverse line feed) 08
CURSOR HOME
(top left corner) 1E

CLEAR SCREEN and CURSOR HOME
CLEAR TO END OF LINE

CLEAR TO END OF SCREEN
CARRIAGE RETURN

ESCAPE

INSERT LINE

INSERT CHARACTER

DELETE LINE

DELETE CHARACTER

HALF INTENSITY OFF

HALF INTENSITY ON
(Yellow on color CRT)

NORMAL VIDEO & BLINKING OFF
REVERSE VIDEO

BLINKING ON

RING THE BELL

MUSIC
(see Figure 4.12)

1Aor1B 2A or 1B 3A
170r1B 54 or 1B 74
18 59 or1B 79

(s]»]

1B

18 45

1B 51

18 62

1B 57

1B 28

18 29

18 47 30
1B 47 34
1B 47 32
07

1B 4D

followed by

Frequency in the range
21 to 4A, or 20 = no tone
followed by

Length in the range

20 to FF (steps of 20ms)

Figure 4.9
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TERMINAL FUNCTION CODES (2)
Function Hexadecimal Code
preceded by 1BH SBH

POSITION CURSOR* row 3B col 48

) (r)gw 3B col 66
CURSOR LEFT # of cols 44
CURSOR RIGHT # of cols 43
CURSOR DOWN # of rows 42
CURSOR UP # of rows 41
DEVICE STATUS REPORT 36 6E
CURSOR POSITION REPORT* row 38 col 52

returned after Device Status Report

SAVE CURSOR POSITION 73
RESTORE CURSOR POSITION 75
ERASE SCREEN 324A
ERASE TO END OF LINE 48

*NOTE: In terms of the Lear Siegler codes, the cursor origin is
designated 0,0. ANSI describes this position as 1,1.

Figure 4.10
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TERMINAL FUNCTION CODES (3}

Function Hexadecimal Code
preceded by 1BH 5BH,
concluded by 6DH

GRAPHIC ATTRIBUTES OFF 30

HALF INTENSITY OFF 31

BLINKING ON 35

INVERSE VIDEO ON 37

HALF INTENSITY ON 38

BLACK FOREGROUND 3330

RED FOREGROUND 3331

GREEN FOREGROUND 3332

YELLOW FOREGROUND 3333

BLUE FOREGROUND 3334

MAGENTA FOREGROUND 3335

CYAN FOREGROUND 3336

WHITE FOREGROUND 3337

BLACK BACKGROUND 34 30

RED BACKGROUND 34 31

GREEN BACKGROUND 34 32

YELLOW BACKGROUND 34 33

BLUE BACKGROUND 34 34

MAGENTA BACKGROUND 34 35

CYAN BACKGROUND 34 36
34 37

WHITE BACKGROUND

Figure 4.11
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MUSIC CODES
NOTE FREQUENCY CYCLES
PAUSE 20 —
A 21 110
A# 22 116.5
B 23 1235
c 24 131
c# 25 138.6
D 26 146.8
D# 27 155.8
E 28 164.8
F 29 174.6
F# 2A 185
G 28 196
G# 2C 208
A 2D 220
A# 2E 233
B 2F 2469
C (Middle C) 30 261.6
Cc# 31 277.4
D 32 293.7
D# 33 311
E 34 329.6
F 35 349.2
F# 36 370
G 37 392
G# 38 415
A , 39 440
A# 3A 465
B 3B 4939
c 3c 5232
c# 3D 553
D 3E 587.3
D# 3F 622
E 40 659.3
F 41 698.5
F# 42 740
G 43 784
G# 44 830
A 45 880
A# 46 932
B 47 987.8
(o 48 10465
c# 49 1108.7
D 4A 1174.7

Figure 4.12
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present as a separator between each item. Note that the Graphic
Attributes Off function does not disturb color settings, except
where this results from the resetting of inverse or intensity
attributes.

Figure 4.12 relates to the Play Music function (see Figure 4.9).
The hexadecimal numbers in the Frequency column correspond
to the frequency which is entered following the 1B 4D introduct-
ory string.

It is possible to program the Function Keys (F1 ... F20) of
your keyboard by use of the following hexadecimal sequence:

1B

5B

30

3B

Function number, using the appropriate value 0 . . . 14 (Hex).
3B

22

Text of new function

22

70

To disable the Function Keys, use the sequence 1B 5B 30 3B
30 70. To re-enable use 1B 5B 30 3B 39 39 70.

The advantage to the programmer of this method is that there
is no need to return to the MS-DOS system level in order to pro-
gram a Function Key via the CONFIG utility.

SOME 1/0 EXAMPLES

This section contains some short examples using the MS-DOS sys-
tem calls. These examples are written in 8086 assembly language,
using hexadecimal values only. If you are fortunate enough to
have an assembler which can be used in conjunction with the
operating system, you can, of courses, use the assembler and then
load the executable file into memory for testing with the DEBUG
utility. This utility is provided on your MS-DOS flexible disk, but
a separate assembler utility is not. You can, however, use the
limited assembler facility provided by the DEBUG (Command A).
It is recommended that you first become thoroughly acquainted
with the DEBUG before attempting to test these or other software
examples.
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CAUTION

Before experimenting with the I/O functions, it is advisable
to make an additional copy of your system flexible disk
and to work with this copy. In addition to the risk of data
loss when accidentally activating disk controller routines,
the DEBUG utility poses a danger in that the Write Com-
mand can bypass the file handler.

The main routine of each example can be written to CS:100.
DEBUG notifies the user of the contents of CS at the beginning of
assembly. As the DEBUG utility does not provide for the use of
symbols, equate statements have not been used. However, address
symbols have been used to give the reader a better overview. The
hexadecimal suffix “H” is included, but you should note that the
DEBUG assembler interprets all numbers as hexadecimal.

Your NCR MS-DOS Programmer’s Manual contains a sample
program for disk access.

MUSIC1

This example enables you to compose simple tunes on your
NCR DECISION MATE V. Using the read keyboard function
(01), the individual notes are entered via the keyboard and stored
in memory. Following entry of the tune, it is played through the
loudspeaker, using the function for console output (02).

The ASCII code for each key pressed is accepted by the pro-
gram. From this value 20H is subtracted. This means, for example,
that upper case A will yield the value 21H, which is the lowest
frequency provided for by the music function. The “@” sign
yepresents a pause (20H). The length of each note (or pause) is
fixed in the LENGTH subroutine, but you can alter this value
to any value between 20H (20ms) and OFFH (4480ms). Entering
the same note more than once consecutively will, of course, pro-
duce notes of different length. Similarly, pauses of different
length can be produced. If you wish to correct an entry, you can
do so by using the backspace key.

When you press the space bar, the program understands that
you have finished entering your tune. Your tune will then be
played through the loudspeaker. To play the tune again you
should set the Instruction Pointer to PLAY. ‘

To make alterations to the tune or alter LENGTH, you can
make use of the Dump (D) and Enter (E) facilities provided by
DEBUG. If you have stored your tune on disk, you will have to
set the DS register yourself using the (R)egister facility after any
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subsequent reloading (L), unless you are intending to write a
new tune.

" Subroutines:

NOTE: MOVE DL,1BH
MOV AH,02
INT 21H
MOV  DL,A4DH
MOV  AH,02
INT  21H
RET

; The above subroutine transmits the string 1BH 4DH to the console to indicate
; that the following two bytes represent frequency and length respectively (see
; Terminal Functions)

INKEY: MOV  AH,01 ; read key and echo to CRT
INT 214
RET

LENGTH: MOV DL,30H ; length of each note — can be varied from
MOV AH,02H  ; 20H to OFFH

INT 21H
RET
Main Routine:
MOV  AX,CS ; set position in memory where notes can be
ADD AX,200H ; written.
MOV  DS,AX
XOR BX,BX ; points to memory byte for first note.
NEXTIN: CALL INKEY
CMP AL08 ; check for backspace.
JNE NOBKSP ; if backspace then decrement pointer and
DEC BX ; do not store.

JMP  NEXTIN

NOBKSP: MOV [BX],AL store.

~

CMP  AL,20H ; space bar? if yes, start playing.
JE PLAY
INC BX ; otherwise increment pointer and get next
JMP NEXTIN ; note.
PLAY: XOR BX,BX ; reset pointer to first note.

NXTOUT: CALL NOTE

MOV DL,[BX] ; fetch note
SUB  DL,20H.
CMP DL, ; if no more notes then jump.
JE OVER
MOV  AH,02 ; output function
INT 21H
CALL LENGTH
INC BX ; point to next note
JMP NXTOUT
OVER: NOP
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Perhaps you would like to try this short tune:

cexITZZ
czadxmz=z

Music2

w2z wn -

NN@ @RS P RNU @O®G@®@
NN@ @RS PRNO E@O®@G®@
UUUUWUS WUU @R
S UU @ UWUS WUU®@
MNP RIR®@RIRIRPRS
RRP P NNNN

This example is really a planning aid for use with MUSIC1. The
details are the same as for MUSIC1, except that the note requested
is transmitted to the loudspeaker immediately after pressing the
key without being stored.

Subroutines:

NOTE:

INKEY:

LNGTH2:

Main Routine:

NXTINZ:

OVER2:

Mov
Mov
INT

MoV
Mov
INT

RET

MoV
INT
RET

MOV

Mov
INT
RET

CALL
CMP
JE
SuB
PUSH
CALL
POP
MOV
Mov
INT
CALL
JMP
NOP

DL,1B : see MUSIC1
AH,02

21H

DLA4D

AH,02

21H

AH,01
21H

DL,28H
AHO02
21H

INKEY

AL,20H

OVER2 ; jump if space bar
AL,20H

AX ; preserves note
NOTE

AX

DL,AL ; output note
AH,02

21H

LNGTH2

NXTIN2
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KEYBOARD

This example reads each character as it is typed in from the key-

board and displays that character on the screen. Before the first

character is accepted, the screen is cleared and the cursor set top

left. If a numeric sign (0 ... 9) is entered, inverse video is acti- (‘\’
vated temporarily. The program terminates when a dollar sign

($) is entered, and normal video is restored if necessary.

Subroutines:

c1C2: MOV DL,1BH ; first 2 bytes of contro! sequence for inverse/
MOV  AH,02 ; raverse
INT 21H
MOV DL,47H
MOV  AH,02
INT  21H.
RET

INVERS: CALL Ci1C2
MOV DL,34H ; forinverse video
MOV  AH,02
INT 21H
RET

REVERS: CALL C1C2 O
MOV DL,30H ; for normal video
MOV AH,02
INT  21H
RET
CLSCRN: MOV DL,1BH ; clearscreen and cursor home
MOV AH,02
INT 21H
MOV DL,3AH
MOV AH,02
INT 21H
RET

INKEY: MOV  AH07 ; read keyboard
INT  21H
RET
Main Routine:

CALL CLSCRN
NEXTCH: CALL REVERS ; ensure normal video

CALL INKEY s

CMP  AL24H ; check for

JE DONE u
CMP  AL,'0 ;

JC PRINT ; if ASCll <30H, no reverse

CMP ALY

JE INVT

JNC  PRINT ; if ASCIl >39H, no reverse
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INVT: PUSH AX ; save character
CALL INVERS
POP AX
PRINT: MOV DLAL
MOV  AH,02
INT 21H
JMP  NEXTCH
DONE: NOP

If you substitute 32H for 34H in the subroutine INVERS, the
display will blink. You do not have to alter the reset (REVERS)
subroutine.

DUPLICATE

‘This example of I/O functions stores keyboard input in memory
and duplicates the stored data on the printer as often as you wish.
Starting with a clear screen you can enter data which is echoed to
the screen. Carriage Return is recognized and also noted in the
storage area, which means that you do not have to fill remaining
line space with individual spaces via the keyboard. You may write
more than one full screen, normal scrolling will then occur. De-
letions using the backspace key are noted in memory.

To terminate data input, enter a dollar sign ($). Your data will
now be directed to the printer, recognizing Carriage Return and
Line Feed as previously entered from the keyboard. When the
printer has finished you need only press R or r for a further print
copy. You may repeat this as often as you wish.

Subroutines:

READIN: MOV AH,01 ; read keyboard
INT 21H
RET

CRTLF: MOV  AH,02 ; produce line feed on CRT in response to CR
MOV DL,OAH
INT 21H
RET

PRTCR: MOV  AH,05 ; carriage retum on printer
MOV DL,ODH
INT 21H
PRTLF: MOV  AH,05 ; line feed on printer
MOV DL,0AH
INT 21H
RET
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BLANK:

CLSCRN:

Main Routine:

NEXT:

NOBACK:

NOLF:

PRINT:
NEXTP:

NONLIN:
DONE:

434

Mov
MoV
INT
Mov
mov
INT
RET

Mov
Mov
INT

mMov
MOV
INT

RET

Mov
ADD
Mov
XOR
CALL
CALL
MOV
INC
cmp
JNE
DEC
DEC
CALL
JMP
CMP
JNE
CALL
JMP
CmP
JNE
XOR
MOV
cmp
JE
Mov
INT
CMmP
JNE
CALL
INC
JMP
CALL
CALL
CALL
CALL
CALL
cmp

cMmpP
JE

AH,02
DL,20H
21H
AH,02
DL,08
21H

AH,02
DL,1BH
21H
AH,02
DL,3AH
21H

AX,CS
AX,200H
DS,AX
BX,BX
CLSCRN
READIN
[BX]AL
BX
AL,08
NOBACK

AL,52H
PRINT
AL,72H
PRINT

; delete previous character on CRT

; clear screen and cursof home

; set own DS.
; zero pointer to storage area

; save key entry.
; increment pointer.
; check for backspace.

; if backspace, do not record in memory

; check for CR

; if CR,add LF

; check for $

; reset pointer

; fetch character from memory
; check for $

; printifnot $

; check for stored CR

; if CR,add LF
; increment pointer

; 4 clear lines

; if R then reprint

; if r then reprint

O
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COLOR

This example is for the NCR DECISION MATE V with color CRT.
It accepts input from the keyboard and echoes the data to the
screen using the foreground and background colors of your choice.
You can change the foreground (writing) color by entering the @
sign followed by the number of the color (0 . . . 7, see Figure
4.11). To set the background color, enter $ instead of @ Enter
$$ to terminate the program.

Subroutines:

READIN: MOV AH,01 ; read key and echo to CRT
INT 21H
RET

CRTLF: MOV  AH,02 ; produce line feed on CRT in response to CR
MOV DL,0AH
INT  21H
RET

CLSCRN: MOV AH,02 ; clear screen and cursor top left
MOV DL,1BH
INT 21H
MOV  AH,02
MOV DL,3AH
INT 21H
RET

BLANK: MOV  AH,02
MOV DL,08
INT 21H ; backspace
MOV  AH,02
MOV  DL,20
INT 21H ; erase character
MOV  AH,02
MOV DL,08 ; put cursor at erased character
INT 21H
RET

BEGCOL: MOV AH,02 ; control sequence to introduce color setting
MOV  DL,1BH
INT 21H
MOV  AH,02
MOV DL,5BH
INT 21H
RET

ENDCOL: MOV AH,02 ; control sequence to conclude color setting
MOV DL,6DH
INT 21H
RET
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QCOLOR: MOV
CMmP
JE
CMP
JINE
CMmP
JNE
Mov
JMP
CcMmP
JB
CcmP
JA
MoV
RET

CHANGE:

OVER:

AL 0FFH
CH,40H
CHANGE
CH,24H
OVER
CL,24H
CHANGE
AL, 01
OVER
CL,30H
OVER
CL,37H
OVER
AL

; check for @
; check for $

; §%?

()

; only if number 0... 7 for new color

; The above subroutine returns status of the last two keys pressed in AL. I1fa
; valid color change, then AL = 0;if terminate, then AL = 1; otherwise AL = FF

The main routine:

CALL
XOR
MoV
CALL
MoV
Mov
cmp
JNE
CALL
Jmp
CALL
cmp
JE
cMmP
JNE
CALL
CALL
cmp
JNE
Mov
JMP
MoV
CALL
MOV
MoV
INT
MoV
Mov
INT
CALL
JMP
NOP

NEXT:

NOLF:

FOREGR:
COLSET:

DONE:
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CLSCRN
CX,CX
CH,CL
READIN
CLAL
DLAL
DL,ODH
NOLF
CRTLF
NEXT
QCOLOR
AL1
DONE
ALD
NEXT
BLANK
BLANK
CH,24H
FOREGR
CH,34H
COLSET
CH,33H
BEGCOL
AH,02
DL,CH
21H
AH,02
DL.CL
21H \
ENDCOL "/
NEXT

; last two keys in CX

; if CR, then LF

; jump if CX = $$

; jump if no color change
; erase color change sequence

; color change is background

; color change is foreground
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THE LOADING PROCEDURE

The NCR DECISION MATE V firmware (of which a listing is
included in the Hardware Description) brings the bootloader from
flexible disk into memory at machine address 2000H. A copy of
the loader module is then made in upper memory to preserve it
during the subsequent loading procedures.

The I/O system modules are then loaded from machine address
400H (i.e. immediately above the interrupt vector) upwards. A
number of initialization modules are then placed above the I/O
elements, followed by a Microsoft system module and the Win-
chester Disk driver module of BIOS Version 1, if applicable.
The uppermost system module is the resident part of the Micro-
soft COMMAND.COM. The final stage of initialization after
loading is the block transfer of system and Winchester driver
modules downwards in memory, with the effect that modules no
longer required are overwritten.

HOW TO READ THE I/0 PROGRAM

Appendix C, which is included in this manual, contains the listings
of the input/output software developed by NCR in 8086 assembly
language. This is the software which enables the MS-DOS software
to be used in the NCR DECISION MATE V hardware environment.

The I/O software can be considered as a number of modules.
The initialization modules — LOADER (FDBOOT in Version 2),
BASINIT, SYSINIT, SYSIMES, FWVERRD (firmware version
read, in Version 2 contained in BASINIT) — are overwritten by
resident system software modules, so that the lower memory from
400H is occupied as follows:

BIOS Version 1 (MS-DOS 2.0) BIOS Version 2 (MS-DOS 2.11)

KBD-DRV (keyboard driver)
DSKDRV (flex. disk driver)
followed by the standard MS-
DOS 1I/O software and, if
required, by WIDRV (install-
able Winchester driver)

IOBASE, KBDCRT, COMDRYV,
LPDRV, TIMDRV, DSKDRV
and, if required, WIDRVS or
WIDRV10 (6 or 10MB Win-
chester driver) followed by the
standard MS-DOS I/O software

and by the resident part of COMMAND.COM (MS-DOS).

The link maps of both BIOS versions are included in Appendix
C as part of the program listings. Using these maps, you can re-
solve public symbol definitions as absolute values.
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The I/O software listings contained in the Appendix relate
directly to the hardware characteristics of your NCR DECISION
MATE V. It is important to remember that different hardware
requires different I/O software. For example, the presence of a
Winchester disk unit requires an additional software driver;a color
CRT requires more extensive drive parameters than a monochrome
CRT. Your MS-DOS software, and the listings in the Appendix of
this manual, provide for the maximum demand on I/O software,
for example, the I/O software for both a Winchester disk unit and
a color CRT is included. However, if you wish to make use of the
I/O routines without using the MS-DOS standard Interrupts and
Function Requests, it is advisable to check the exact contents and
machine address of the routine required. The following section
“Displaying the I/O software on the screen” can assist you in
this.

If you are intending to obviate the MS-DOS standard Inter-
rupts and Function Requests, you must bear in mind that you are
at the same time failing to take advantage of the upwards com-
patibility offered by your operating system. As hardware develop-
ments take place, you may well have to alter machine addresses
used in your own software so that your software can be used on
other machines or with other versions of the operating system.

DISPLAYING THE 1/0 SOFTWARE ON THE SCREEN

Included in your MS-DOS flexible disk is a utility program DE-
BUG. This program enables you to view areas of memory as a
hexadecimal dump or as 8086 assembly language, and to inspect
the CPU registers. For full details regarding use of the DEBUG
utility, please refer to the description situated near the end of
your NCR MS-DOS manual.

The 10.SYS module is loaded to machine address 400H. By
adding the length of the preceding modules to this figure, you can
calculate the start address of the module you wish to examine.
Having loaded DEBUG from disk, you can set the Code Segment
accordingly. There are two ways of viewing memory. The D com-
mand produces a hexadecimal dump on the screen, while the U
command disassembles memory (without provision of symbols).
The disassembly is obviously more readable, however, you must
ascertain first, that disassembly begins with the first byte of an
MS-DOS machine code instruction, and second, that the area of
memory to be disassembled contains no data or unused areas.
Otherwise, disassembly will be incorrect or fail altogether.
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Therefore, it is advisable to use the D command for the initial
orientation in the machine memory, comparing the screen dump
with the hexadecimal codes contained in the listings. If you do
not find the byte sequence you expected to find at a particular
address, you should look in the vicinity of that address: A good
point of orientation is often a “literal’’ such as an error message,
as these can be easily recognized without closer examination of
the screen dump. You should also remember that the DEBUG
utility provides you with a search facility (S command), with
which you can search for the first occurrence of a byte sequence
in a chosen area of memory.

PORTS

The following is a summary of the I/O ports used by the MS-DOS
software. For each port, the hexadecimal port number is given, as
well as information regarding its use.

CAUTION

The ports in your NCR DECISION MATE V are used not
only by your operating system, but also by the firmware
which becomes active at power up. Under no circumstances
should you attempt to make use of IN or OUT (including
block transfer) instructions at ports which are connected
to Timer functions, otherwise permanent damage to your
computer may result. A detailed map of the NCR DE-
CISION MATE V ports is given at the end of this sec-
tion (Figure 4.13).

OUT 10
Switches the firmware ROM into the address area 0-1FFFH,
thus de-selecting RAM in this area.
OouT11 _
De-selects the firmware ROM, thus assigning the address area
0-1FFFH to main memory.
IN 13 '
Interrupt signal from the disk controller sets bit 3. Bit O is
used to check whether the motor is switched on (set = not on).
OuUT 14
Bit 0 is used to turn the motor on.
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OUT 26
The DMA address is transmitted via this port, first the low
byte followed by the high byte without any intervening com-
mand output.

ouT 27
The DMA length is transmitted via this port, first the low byte
followed by the high byte without any intervening command
output.

OUT 2A
Bits 0 and 1 are set to enable the FCD channel following
initialization of the DMA. Setting bit 0, 1, and 2 disables the
FDC channel.

OUT 2B
Sets the DMA mode. To set the read mode, bits 0, 1, 2, 3,
and 6 are set, the others reset. For the write mode, bits 0, 1,
2, and 6 are set, the others reset.

IN 40
Reads a character from the keyboard.

IN 41
A character from the keyboard is ready if bit O is set. The
language code is ready if bit 7 is set.

OoUT 41
Drives the loudspeaker. Output value 1 constitutes an instruc-
tion to return the country code during keyboard initialization.

IN 50
Bit 7 set indicates that flexible disk is ready.

IN 51
Used to read information from the flexible disk controller.

OUT 51
Used in the transmission of disk, head, and track number to
the flexible disk controller. Also used to transmit formatting
information.

IN 60
Reads in data from the serial interface, including XON/XOFF
status.

OouUT 60
Output port for parallel data transmission.

IN 61
This status port for the serial interface is used to detect over-
run, parity, or framing errors. Bit 3 set indicates a framing
error, bit 5 a parity error, and bit 4 an overrun. Bit 1 set is
used to indicate that a character has been received. Bit O set
indicates that the transmit holding register is empty.
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For the paralle]l interface, bit 1 set or bit 5 set indicates that
the device is not yet ready.

IN 63,0UT 67
Read and write command information. Out 37H enables trans-
mitter and receiver. :

OUT 63
Used to initialize the parallel interface.

OUT 64
Output port for serial data transmission.

OUT 66
Used to initialize the serial interface. The first of the two out-
put commands determines stop bits, parity, and character
length. The second command determines the baud rate.

IN A0
Used to determine whether the graphics display controller can
accept a character. Bit 1 reset means a character can be trans-
mitted. Bit O set means that data is ready for transmission to
the GDC. Bit 3 set means that drawing is actually being carried
out.

OUT A0
Used for output of drawing parameters to the GDC.

IN Al
Read GDC-RAM contents.

OUT Al -
Output of command information to the GDC.

IN CO
Block input of data from the Winchester disk controller (512
bytes at a time).

OUT CO
Block output of data to the Winchester disk controller (512
bytes at a time).

INC1
Yields a detailed definition of an error detected upon reading
from a Winchester disk. Bit 5 set denotes an error in the ID
field revealed by the Cyclic Redundancy Check. Bit 6 set indi-
cates an error in the data field. If neither of these two bits is
set, the error cannot be defined.

OUT C2
Used in formatting the Winchester disk.

ouTC3
Used to set a sector number of the Winchester disk. Output
0AAH used for drive ready check.

4-41



Low
[} 1 2 3 4 5 ] 7
HIGH
0 ERROR
LEDS
1 RAMSEL ROMSEL SETTC SYSSTAT MOTOR
2
3 IFSEL2A K806
4 KEY: AW | KEY: RMW
DATA COMMAND
5 FDC: R-MAIN | FDC: RW
STATUS DATA
6 IFSELOA K210, K211, K213
7 IFSEL1A  K211,K215
8 TIMER: RW | TIMER: RW | TIMER: RIW | TIMER:w-
COUNTERO |COUNTER1 | COUNTER2 MODE
)
A GOC GDC
RSTATUS R-DATA Z00M
W-PARAM | WCOMMAND
B IFSEL3A
c IFSEL 4A WINCHESTER DISK
D 16-8IT
SWITCH
E 64K 64K 64K 64K 64K 64K 64K 64K
RAM RAM RAM RAM RAM RAM RAM RAM
R A M BANKS 0 - 7
F 1o
EXPANSION

442

NOTE: In Figure 4.13, the numbers prefixed with K refer to kits
available for the NCR DECISION MATE V. A switchable RS-232C
interface (K801) which can use any of the IFSEL codes, is also availa-
ble. When using this kit, you should bear in mind that both hardware

and software strapping are required.

This applies also to K215, K803, K804, and K806, as these kits are
switchable in the same way. You should therefore ensure that your
software can use all the IFSEL codes. The IFSEL codes given in Figure
4,13 for these Kits constitute default suggestions.

When using K801 with a plotter, you should select IFSEL 0A.

IFSEL OB is required by hardware in conjunction with K210, K212,

and K213.

Figure 4.13 (1 of 2)
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Low
8 9 A B c D E F
HIGH
[ TIMER TIMER TIMER TIMER 8265 8255 8255 8255
COUNTERO | COUNTER 1 | COUNTER 2 WRITE PORT A: PORT B: PORT C: COMMAND
MODE LED SWITCH CONTROL
D ! A G N [s] S E R
1
2 DMA: DMA: DMA: DMA: DMA: DMA: DMA: DMA:
RSTATUS W-REQ. W-FDC WMODE CLR R-MASTER CLR MASK W-ALL
W-LOMMAND REG. ENABLE POINTER CLEAR REG. MASK BITS
3 IFSEL2B K804
4
5
[} IFSEL OB
7 IFSEL 18
8
9
A
B IFSEL 3B K600
c IFSEL4B K803
o
E
F
Figure 4.13. {2 of 2)
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OUT C4
Used to set a cylinder number. OQutput 55H used for drive
ready check.

OuUT C5 ,
The higher order part of the cylinder number.

OUT Cé6
Transmits information to the Winchester disk controller re-
garding ‘drive, head, sector size, and error checking. All this
information is passed in a single output.

IN C7
Accepts status information from the Winchester disk con-
troller. Bit 7 set indicates that the controller is busy. Bit 6 set
indicates that the drive is not ready. Bit 4 set indicates that the
drive search is not completed. Bit O set indicates an exror (see
IN C1).

ouT C7
Selects the Winchester disk read (20H) or write (30H) func-
tion.

ouT Do
Bit 0 set switches to the Z-80® processor. If the Z-80 proces-
sor is presently activated, the 16-bit processor becomes active
in its place.

Figure 4.13 provides a complete map of the port addresses
used by your NCR DECISION MATE V.

INTERFACING PRINTERS

The following presents a brief summary of the signals essential to
the operation of the user’s serial or parallel printing device. The
exact pin configuration and cable requirements are given in the
“Hardware Description.”

This is the sequence of signals between NCR DECISION
MATE V and a serial printer:

NCR DECISION MATE V PRINTER

1. Printer sets XON signal to enable
computer to transmit data.

2. Transmission is enabled, so

data are transmitted bit by
bit via the TxD line.
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3.

4. The computer waits with
further data . . .

6. Data transmission is once
again enabled.

MS-DOS SOFTWARE FOR INPUT/OUTPUT

When the printer buffer is nearly
(typically 3/4) full, an XOFF
signal is generated.

. . .while the printer empties its
buffer.

When the buffer is empty, XON
is once again generated.

The XOFF statusis equivalent to 13H being read IN at port 60.
Otherwise XON is assumed. The DTR and DSR lines are connected
together inside the serial printer interface kit. In addition CTS and
RTS should be connected together. Both these combinations and
the CD line should be at +12V (i.e. ON).

For the parallel (Centronics) interface the procedure is similar.
Printer Busy or Printer Buffer Full return 20H and 02H respective-
ly. Therefore, if neither bit 1 nor bit 5 is set upon a read IN at
port 61, the printer is ready to receive data.

2651 REGISTER ADDRESSING

Port (Hex) Signals Required *
K212 K211 Function
K213 CE BAO BA1 BA2

-~ - 1] X X X Tri-state data bus

60 74 o|oO 0 o Read receive holding register
64 70 ofo 0 1 Write transmit holding register
61 71 011 0 0 Read status register

65 75 0|1 0 1 Write SYN1/SYN2/DLE registers
62 72 o}o0 1 0 Read mode registers 1/2

66 76 0|0 1 1 Write mode registers 1/2

63 73 of(1 1 0 Read command register

67 77 0] 1 1 1 Write command register

* These pin designations (see Hardware Description) correspond to the fol-
lowing bus lines: BAO - A0, BA1 - A1, BA2 - R/W.

Figure 4.14
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For full details of interface connections and the significance of
the individual control lines, you can refer to the Hardware Section.
Users of non-NCR serial printers which do not use XON/XOFF
protocol can, with the aid of the printer manufacturer’s descrip-
tion, find suitable lines for connection to the K211, K212, or
K213 adapter.

For details of the serial and parallel interface integrated cir-
cuits and their programming procedures, advanced programmers
should refer to the manufacturers’ software descriptions of the
integrated circuits used (not included in this description). The
serial interface IC is the 2651, the parallel interface IC is the 8255.

A 2651 is used not only for the serial printer interface, but
also for the serial communications interface kit (K211, see Hard-
ware Description). Figure 4.14 summarizes the actual port ad-
dresses used by these two interfaces.

CAUTION

The user must take extreme care when connecting an ex-
ternal device to a peripheral adapter. You should not only
read the relevant parts of the “Hardware Description” in
this manual, but also the equivalent information con-
cerning the external device to be connected. Failure to
take device characteristics into consideration will mean
that the software will not function. It may also result in
permanent damage to your computer, adapter, or external
device.

LEVEL ZERO DIAGNOSTICS

Output to port 00 controls the LED panel situated next to pe-

ripheral adapter slot 7. Output zero turns all LEDs on, output FF

turns all LEDs off. Figure 4.15 shows the errors indicated by
various LED-on combinations. The LED numbers refer to the
numbers printed on the LED panel.
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LED ouT SIGNIFICANCE
ON PORT 00
None FF Check complete
148 7E Sumcheck error
2+8 BE GDC error
3+8 DE Disk drive error
448 EE 16-bit processor error
5+8 F6 Keyboard error
6+8 FA DMA error
748 FC Memory error
All 00 Processor error
Figure 4.15
GRAPHICS

The operating system software provides you with full access to the
character set of your NCR DECISION MATE V. The parameters
used in the generation of the CRT display are contained in a
32KB RAM (96 KB for color CRTs) accessed via the ports AO and
Al

A graphics utility program such as NCR-GRAPH provides you
with comfortable access to the full graphic capacity beyond that
of the character generator contained in the firmware.

If you otherwise wish to access the Graphics Display Con-
troller (GDC), you will find this section especially useful.

The PD7220-1 GDC integrated circuit has an addressing
capacity of 256K words of 16 bits each. Facilities provided by
the GDC include light pen input, figure drawing of lines, arcs, rec-
tangles, and graphic characters, area filling, and zoom magnifi-
cation. Communication between GDC and CPU is via the GDC’s
first-in-first-out buffer. Commands to determine a particular mode
of operation are received by the GDC at port Al (i.e. via the pro-
cessor OUT AL,0A1H instruction). Data and other parameters
following a particular command are received at port AQ. Status
information can be read at port A0 (IN AL,0AOH instruction),
and data from the GDC can be read via port Al.

This section deals with the aspects of programming the GDC
which relate to its environment in your NCR DECISION MATE V.
Following this, you will find a sample programming session con-
sisting of graphic producing routines which you may wish to adapt
and expand for your own applications.
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THE GRAPHICS DISPLAY CONTROLLER

The GDC integrated circuit in your NCR DECISION MATE V
addresses a CRT display consisting of 640 pixels in the horizontal,
and 400 pixels in the vertical direction. The top left-hand corner
of the CRT is regarded as the origin of the GDC map. The top
(horizontal) line of the screen is represented by the first 640 pixels,
the next pixel addresses the far left of the second line, and so on.
The GDC makes use of a two-level addressing mode: a word ad-
dress refers to 16 consecutive pixels, while a 4-bit dot position
(values 0-15) refers to an individual pixel within that word. A
FIFO buffer is used to pass commands and data to and from the
CPU. (Use of the DMA option bypasses this buffer). The contents
of this buffer are destroyed only upon a reset or reversal of the
direction from read to write or vice versa.

The GDC includes a second buffer, the parameter RAM, in
which parameters for figure and character drawing can be loaded
and retained. GDC commands which do not explicitly load the
parameter RAM do not affect its contents. Therefore, it is possible
to make repeated use of the parameter RAM contents without
having to reload it. It is even possible to load a specified part of
the parameter RAM without altering the rest of its contents.

The GDC has two basic modes of operation, namely the
Character Mode and the Mixed (Graphics and Character) Mode.
The power-up initialization procedure automatically sets the
Mixed Mode, as this results in the most efficient non-graphic
screen writing in the NCR DECISION MATE V hardware environ-
ment. To enable figure drawing it is sufficient to set a flag in the
appropriate GDC command. Some additional parameters signifi-
cant for CRT operation are also sent to the GDC during the power-
up initialization. They include horizontal and vertical sync width,
horizontal and vertical front and back porch width, type of video
framing (non interlaced), type of RAM (dynamic), and the drawing
time mode (drawing only during retrace). In the normal course of
graphics programming you do not need to set or alter these param-
eters. However, if you wish to investigate in detail this hardware-
related initialization procedure, you can refer to the Hardware
Description which comprises the first volume of the System
Technical Manual. This first volume includes a listing of the initi-
alization program of the NCR DECISION MATE V firmware in
Z-80 assembly language. You may also wish to refer to the manu-
facturer’s description of the PD7220-1 integrated circuit.
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The Parameter RAM

This 16-byte memory area, which is included within the integrated
circuit, is used in the Mixed Mode to define two display partition
areas and to hold an 8 x 8 pixel graphics character ready for
transmission to the display memory. If a figure, and not a graphics
character, is to be drawn, the parameter RAM can be used to store
a drawing pattern of dots and dashes. The exact layout of the
parameter RAM is as follows. Remember that to use the addres-
sing capability of the GDC to the full, an address may consist of
up to 18 bits.

Bytes 0-3: these four bytes define the display partition area 1.
The start address of this area in display memory is contained in
18 bits. Bytes 0 and 1 contain the least and medium significant
byte respectively, while the two most significant bits of the ad-
dress are contained at bits 0 and 1 of byte 2. The length of this
display partition is held in 10 bits (bits 4-7 of byte 2 and, more
significant, bits 0-5 of byte 3).

Byte 0 s t ar t (L) l

! 1 1 ] - 1
Byte 1 s tart (M

1 i 1 L 1 L
Byte 2 len (L)| 0 o |[start (H)

L 1 1 [
Byte 3 WD | IM len (H) l

1 i 1

The bit at IM must be set to indicate a bit-mapped graphics area
(reset would denote a character area). The bit at WD, which indi-
cates whether 32-bit (wide = set) or 16-bit accessing is activated,
should be 0 (reset).

Bytes 4-7: identical structure, this time for definition of dis-
play partition area 2.

Bytes 8-15: this area can be used for storing a bit-mapped -
graphic character in an 8 x 8 pixel format. Upon execution of the
appropriate drawing instruction, this area of the parameter RAM is
scanned from the least significant bit of byte 15 towards its most
significant bit. Scanning then continues from the most significant
bit of byte 14 towards its least significant bit, and so on. If the
area to be filled by the parameter RAM is greater than the 8-pixel
square, a further subset of the RAM is transmitted to the CRT. If
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the screen area to be filled is smaller than the 8-pixel square, only
a subset of the parameter RAM will appear. Later in this section,
you can read how to determine the area on the CRT to be filled,
and how to create a slanting (italics) effect.

If you instruct the GDC to do figure drawing instead of drawing
a graphic character from the parameter RAM, you can use bytes
8 and 9 for pattern purposes, e.g. to draw dotted or dashed lines.

Remember that the parameter RAM contents are preserved.

beyond completion of a figure or graphic character drawing in-
struction, so you can make repeated use of the parameter RAM
without having to reload it.

GDC Status Information

Information regarding the busy or otherwise status of the GDC
can be read in at port AQ. The eight bits thus read by the pro-
cessor have the following significance.

Bit 0: when set (1), indicates that a byte of data from the
GDC RAM is available for reading. The bit is automatically reset
as soon as the data transfer from the GDC begins.

Bit 1: when set, this bit indicates that the FIFO buffer is full.
Therefore, programs should check that this flag is not set before
transmitting a command or parameters to the GDC.

Bit 2: when set, this bit indicates that the FIFQO buffer is
empty. It is not necessary, nor desireable, to make output to the
GDC dependent upon this bit being set, as this would mean
dispensing with the advantages offered by buffering. Bit 2 is,
however, useful, in that you know that your last command or
parameter to the GDC has been accepted from the buffer, if this
bit is set.

Bit 3: set while a graphic figure is being drawn.

Bit 4: set while a DMA transfer with the GDC is in progress.

Bit 5: set while vertical retracing on the CRT is in progress.

Bit 6: set while horizontal retracing is in progress. The GDC
is set during initialization not to draw during active display time,
in order to eliminate display disturbances.

Bit 7: set indicates that the light pen address register contains
a deglitched value for the processor.

Commands and their Parameters

The graphics display controller accepts via its FIFO buffer certain
commands and parameters which affect the display on the CRT.
The following presents a summary of these commands, with special
emphasis on those which are of importance to the setting up of
user graphics. The first byte issued to the GDC in each case is the
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command byte. The bytes (if any) which follow the command
byte are the obligatory, or sometimes optional, parameters be-
longing to that command. The command byte in your NCR DE-
CISION MATE V must always be transmitted via port Al, the
parameters via A0. The GDC regards the parameters for the old
command as concluded, as soon as a new command is issued. This
is true even if the parameter list for the old command is incom-
plete.

Reset — This command blanks the display, resets the FIFO buf-
fer and the command processor, and sets idle mode.

Command byte: 0.

This command can be issued at any time for the above mentioned
purpose. It does not destroy the contents of graphic display mem-
ory. RESET can be followed by eight parameters to set mode
of display, type of video framing, type of graphic display RAM,
number of active display words per line, horizontal and vertical
sync, front porch and back porch widths, and the number of
active display lines per video field. The tasks are all carried out at
power-up initialization so these parameters do not have to be
accessed for the purpose of user graphics. The precise initialization
procedure is contained in the firmware listings included in the
Hardware Description of the System Technical Manual (Volume 1).

Sync: — Command byte: OFH (display enabled) or OEH (display
blanked).

The output parameters are the same as those for the reset com-
mand. However, Sync does not reset the GDC or activate idle
mode.

Vertical Sync — Command byte: 6EH (slave) or 6FH (master).

This command is meaningful only when more than one GDC is
being used to create one image.

Cursor and Character — Command byte: 4BH.

This is normally used to set up the cursor by means of 3 parameter
bytes.
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Byte 1 CDl o0 o Lines

Byte 2 BLl (L)| CB Top

Byte 3 Bott

om BL (H)

Lines refers to the number of display lines to be used for each
character row, minus 1. If the CD bit is reset, the cursor is not dis-
played. Top contains the top line number in the row defined by
Lines. If CB is reset, the cursor will blink in accordance with the
speed set in BL low and high. For graphics this command is signifi-
cant inasmuch as the cursor must be set to non-display mode and
the number of display lines must be set to zero. In this case, there
is no need to transmit bytes 2 and 3.

Start Display — Command byte: 6BH, no parameters.
The GDC leaves the idle mode and enters the display mode.

Display On/Off — Command byte: OCH (display blanked) or
ODH (display active), no parameters.

Zoom — Command byte: 46H.

The single parameter byte which follows this command indicates
in its four most significant bits a zoom factor. for the entire
display, or in its least significant bits, a zoom factor for the
graphics character which is about to be transmitted to the GDC. In
each case the value O indicates no magnification. Magnification, if
set, takes place in both x and y directions. A zoom factor specified
for a graphic character determines the actual bit-mapping in
graphic display memory, so that the enlarged image remains
irrespective of subsequent use of the zoom facility. A display
zoom factor, on the other hand, does not alter the bit map of the
graphic display memory.

4-52

®




SYSTEM TECHNICAL MANUAL MS-DOS SOFTWARE FOR INPUT/OUTPUT

Position Cursor — Command byte: 49H.

Byte 1 Word Address (L)

3 1 I i —_— 1 1
Byte 2 Word Address (M)

1 1 1 [l { ! ]
Byte 3 Dot 0 0o |WA (H)

Word Address (upper 2 bits in byte 3) indicates a 16-pixel boun-
dary, and Dot a pixel position offset to that boundary, where
the cursor is to be situated. The character mode does not require
parameter byte 3. Remember that the origin for counting word
addresses is the top left corner of the CRT. As the GDC in your
NCR DECISION MATE V addresses 640 x 400 pixels, a total of
18 bits address capacity is required. This means that WA (H)
will be zero. The cursor position in a graphics application is an
imaginary one, as it would not usually be desirable to display a
cursor.

Load Parameter RAM — This command loads the parameter
RAM from a position in that RAM (1 to 15) with the ensuing
parameter bytes.

Command byte: bit 7 zero; bits 4, 5, and 6 are set. The four
least significant bits contain a value between 0 and 15, according
to where in the parameter RAM loading should start.

Example: The command byte 78H tells the GDC that the param-
eters at port AQ should be loaded into the parameter RAM starting
"at byte 8, and working towards byte 15.

Pitch — Command byte: 47H.

The single byte parameter contains the number of word addresses
in a horizontal line of display. The GDC drawing instructions
require this information for calculating the word above or below
the current word. This value is set at power-up initialization in
your NCR DECISION MATE V. The pitch value is also set by
the Reset and Sync commands.

Write Data — This command is an instruction to the GDC to
write one word or byte of data into display memory. Following
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this, the cursor position is advanced in the last specified direction
(see Figure) to the next word address. It is possible to specify a
word or byte write. In the latter case, only one, not two, param-
eters are accepted. In the case of bit-map graphics, only parameter
byte 1 is significant, and only then when all bits are set or all bits
are reset. In a coded character situation, the bits of the parameter
byte(s) set the drawing pattern.

The command byte differs according to the type of transfer
and the logical operation which is to govern the write operation.

Command 0 o0 1 Type o | Logic
A zero value in two bits for Type indicates write Word (Low),
then Word (High); the value 2 determines that Word (Low), the
value 3 that Word (High) should be transmitted; value 1 is invalid.
A zero value in two bits for Logic determines that the word or
byte addressed by the cursor is to be replaced by the pattern con-
tained in the one or two byte parameters; value 1 means that the
individual pixel is to be complemented if the corresponding bit in
the pattern is set; analogously, value 2 means reset to zero; and
value 3 means set to 1. As already stated, the parameters consist
of one or two bytes:

Byte 1 Word(L) or Byte
1 L . ] 1 1 (1

Byte 2 Word (H)

It is admissable to supply further parameter bytes without repea-
ting the command. These will be applied to the automatically
advanced cursor position.

The Write Data command must be preceded by a Figure com-
mand (only the first three bytes are required, see Figure).

Mask — Command byte: 4AH, followed by two parameter bytes,
namely Mask (Low), then Mask (High).

This command sets a 16-bit mask for subsequent figure drawing
(the same mask is set by parameter byte 3 of the Position Cursor
command). Mask is usually used for clearing or filling large areas
of memory, with all the mask bits set. For pixel by pixel drawing
there is no need to use the Mask command, as the Cursor Position
command can specify the pixel position.
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Figure — This command, using as many as 11 parameter bytes,
is used for specifying whether individual dot or figure drawing is
to take place, and in the latter case, it specifies the figure to be
drawn. Beyond this, it is also used for determining the direction
of activity for any screen writing. DMA activity also requires
certain Figure parameters.

Command byte: 4CH.

Byte 1 SL| R {A,C|] G | L |Direction

The significance of the individual bits of byte 1 is as follows.
SL = slanted graphics character, R = rectangle drawing, A,C =
arc or circle drawing, G = graphics character, L. = line drawing.
None of these bits set denotes individual pixel drawing, charac-
ter screen writing or reading, or a DMA transfer.

Direction refers to a 3-bit value for the direction of drawing,
emanating from the last pixel drawn.

In terms of arc drawing from a point, the following diagram
applies:
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The remaining parameters are distributed over the remaining
ten bytes as follows:

Byte 2 . b1
Byte 3 o|MG| ~  D1@®H)
Byte 4 L Ib 2L
Byte 5 0, 0 . D2@®
Byte 6 o .b 3 (L), '
Byte 7 0, 0 . bs3@®E
Byte 8 ., /ba@m
Byte 9 0,0 . ba@m
Byte 10 .. D5 (L)

Byte 11 0, 0 . D5 (H)

Bit MG in byte 2 must be set to denote graphics drawing.
The values required for the parameters D1 to D5:

Initial values .
D1 =0;D2 =8;D3 = 8; D4 = all bits set; D5 = all bits set.
Pixel plotting
As initial values.
Line drawing
D1 = the distance covered on the x or y axis, whichever is
the greater; D2 = 2 * the distance on the other axis, then sub-
tract D1; D3 = 2 * the shorter minus the longer distance;
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D4 = 2 * the shorter of the two distances; D5 = initial setting.
D2 and D38 require two’s complement notation, other values
are absolute. The Direction value for the Figure command
must contain the octant in which line drawing is to take place.

Arc drawing
D1 = radius of curvature * sine of angle between major axis
and end of arc (max. 45°); D2 = one pixel less than the radius
of curvature; D3 = 2 * D2; D4 = all bits set; D5 = radius of
curvature * sine of angle between major axis and beginning of
arc (max. 45°), then rounded down to next integer.

Rectangle drawing
D1 = 3; D2 = number of pixels in direction specified in com-
mand byte, minus one; D3 = number of pixels in direction at
right angle to direction specified in command byte, minus one;
D4 = all bits set; D5 = D2.

Filling an area :
D1 = one less than the number of pixels at right angle to di-
rection specified in command byte; D2 = number of pixels in
direction specified in command byte; D3 = D2.

Graphic Character
This process is really a case of area filling, where the number
of pixels in each direction is < = 8. If that number in the
direction specified in the command byte is 8, there is no need
to load D2 and D3.

Writing data
D1 = number of display words required, minus 1. All other
parameters are of no significance.

Write via DMA
D1 = number of words to be accessed in direction at right
angle to direction specified in command byte, minus one; D2
= number of bytes to be transferred in the other direction,
minus one; other parameters are not significant.

Read via DMA
D1 = number of words to be accessed in direction at right
angle to direction specified in command byte; D2 = number
of bytes to be transferred in the initially specified direction,
minus two; D3 = D2/2 (required only for word read); D4 and
D5 are not significant.

Read data via CPU
D1 = number of words to be accessed; other parameters are
not significant.
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Draw — éommand byte: 6CH, no parameters.

Drawing is started at the pixel indicated by the current cursor po-
sition, and in accordance with bytes 8 and 9 in the parameter
RAM and the drawing parameters set by Figure.

Draw Graphics Character — Command byte: 68H, no parameters.

As in Draw, except that the 8 x 8 pixel pattern in parameter RAM
bytes 8-15 is drawn.

Read Data from Graphic Display Memory — This command re-
verses the direction of the FIFO buffer if it has so far been used
for transferring data to the GDC. This means the loss of any com-
mands or parameters in the buffer which follow the Read Data
command. The structure of the command byte is:

1 0 1| Type | o | Logic

[} (| 1 {
A zero value for Type denotes a word read (low then high). Value
2 indicates low byte of word only, value 3 high byte only. Value 1
is not valid. The Logic value (see Write Data) determines the state
in which the graphic display memory will be after reading. As-
suming that you wish only to read data and not modify them in
any way, this value must be zero.

Reading data from graphic display memory requires that you
state the number of words to be read by means of the Figure com-
mand. In addition you must set the Direction, and, if this is
neither 0 nor 4, you should issue a Mask command with all the
parameter bits set. Perhaps the most easily understandable Direc-
tion setting is 2, as this accesses the addresses in ascending order,
i.e. left to right, then the next line down, and so on. Do not forget
to ensure that the cursor is in the position where you wish reading
to commence. It is also advisable to check the data ready status
bit (bit 1) before each read.

Each byte of data can be read by the CPU at port A1, where-
upon a further byte is loaded by the GDC into its FIFQ buffer.
A read sequence can be discontinued by transmitting a command
to the GDC. Otherwise, reading is continued until D1 (see Figure
command) decrements to zero.
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Read Current Address of Cursor — Command byte: OEQH.

The cursor address is returned via the FIFO in the following
format:

Byte 1 Word Address (L)
1 - ] 1 i 1 |
Byte 2 Word A'ddrelss (M) N
] - [ 1 1 (]
Byte 3 0O 0 0 0 0 O WA (H)
] 1 1 ! i ]
Byte 4 . Dot (U
Byte 5 Dot (H)
1 1 1 [ 1

Note that the dot position is not represented by a binary value in
4 bits, but as one set bit among 15 zero bits.

DMA Transfer — Command byte for read request:

T 1 i
1 | 0 1 ylpe Lolglc

Command byte for write request:

T 1 Logic
0 0 1 ylpe o|g1

The significance of Type and Logic bits is the same as for the Read
Data command.

Before the transfer can be executed, the Figure command
must be issued with appropriate parameters (see Figure). The cur-
sor must be positioned and the Mask register bits must be all set.
As DMA transfers bypass the FIFO buffer, its contents are not
affected.

GDC Status Considerations

When transmitting data to the GDC, it is important that the FIFO
buffer does not overflow. Checking status bit 1 before transmitting
ensures that there is space in the FIFO for at least one command
or parameter byte. Alternatively, the processor could wait for the
buffer to become empty (status bit 2), and then transmit up to

4-59



16 bytes. Whichever method you choose, you should not transmit
data to the GDC merely on the assumption that the FIFO buffer
will have passed on some of its contents for execution. Especially
during figure drawing there are always delays, during which no
bytes are taken from the buffer.

The GDC makes use of a separate data register to help elimi-
nate delays in providing data at the read port. Nonetheless, it is
advisable to check bit O (data ready) of the GDC status. If you are
using status bit 1 (FIFO full) to synchronize GDC data output
with processor data reading, your program should not make an
early termination (i.e. termination before D1 has decremented to
zero) of the read sequence dependent on the FIFO buffer not
being full. The status bit will not be reset as long as the buffer is
full of read data, so if your new command byte is waiting for this
bit to reset, your program will loop.

SOME GDC PROGRAMMING EXAMPLES

The assembly language routines contained in this section are de-
signed to provide you with a starting point for the development of
your own graphics. They include examples of how to set your cur-
sor position, draw rectangles, arcs and circles, and how to do pixel
by pixel drawing under keyboard control. Instructions are also
given about how to read the character generator of the firmware
ROM in your NCR DECISION MATE V, and how to store and
restore your graphic designs. A number of arithmetic routines for
pixel calculation are also included.

These and similar graphic routines can be written with the
symbolic assembler provided with your operating system software.
Following assembly, you can test and adapt the routines using the
debugging utility which is also present on your operating system
flexible disk. ‘

The stage by stage program construction in this section intro-
duces each DB or DW at the time of discussion of the first routine
which makes use of that particular storage definition. The most
convenient way of organizing the Code and Data Segment Regi-
sters is to set CS and DS to the same value. Assuming that you
have assembled one or more of these routines using the MS™ -
Macro Assembler (available as an option from NCR), you have to
make use of the LINK utility to create an EXE file. Upon loading
the EXE file into machine memory using the DEBUG utility, you
will note that the paragraph value in DS is 10 (Hexadecimal) lower
than that contained in CS. The first two lines of the program
(PUSH CS POP DS) in conjunction with the ASSUME directives
set DS to the higher paragraph value contained in CS. Therefore,
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it is imperative to run these first two lines as soon as the EXE file
has been loaded into machine memory. To do so, you must use
the G instruction within DEBUG with a breakpoint (G=0 2):

dooo (SEG SEGHEHT
ABSUME (62CSEG,D5:COEG
000 gk PUSH €& jexpcute these two
goor 1F POF DS sinsfructions befora
janything else
¥
0002 0000 SPGTORE: 0K 0

The 16-bit area SPSTORE is included in order to remind you to
consider setting up your own user stack. This might become
necessary if you intend to extend the graphics examples. However,
the LINK utility creates an EXE file even without an explicit stack
segment.

OUTC is a routine for transmitting a command byte to the
GDC. Upon entry, the command byte must be in register AL,
Transmission takes place only when there is no drawing in pro-
gress and the FIFO buffer is capable of receiving at least one byte.

- 0op4 50 auTe: PUSH AX

- 0005 E4 AD HHINE I AL,0A04
0007 24 0A AHD AL,0AH
on? 75 FA JHT OUTEL
fjoog 58 POF AX
pooc E4 Al 0T DAlH.AL
DOBE (3 RET

OUTP transmits a number of parameters. Upon entry, the
number of parameters must be contained in register DL, the first
parameter must be addressed by BX.

000F Ex AD uTP: TH AL,DAOH

0011 24 04 AHD AL, AH

§013 75 Fh JHZ QUTP

0015 84 07 Uz oy AL BYTE FTR [BX]
0817 E6 AD TUT 0AGHAL

001y 43 THE BX

00iA FE Ch DEC OL

goic 73 7 JHZ OUTRY

it €3 RET
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Therefore, you could arrange parameters for graphics initializa-
tion as follows:

0a1F
0020
0021

0031
0034
0036

0041
0043

0o PRAIS
1]
00 00 00 39 00 00 PRAKHSI

00 59 FF FF FF FF

FF FF FF FF
00 00 00 PRAMS2
FF FF PRAKS3

02 FF 7F OB OO 08 PRANGS4
00 FF 3F FF 3F

FF FF PRARIGS
1 HRLOGIC

e 9
bh 8

0B 0,0,0,594,0,0,0,59H, 0FFH, OFFHy

)

OFFH, OFFH, OFFH, OFFH, OFFH, OFFH

pB 0,0,0
DB OFFH,OFFH

DB 2,0FFHy7FHy 8,0y 8,0, 0FFH, 3FYOFFY, 3FH

DB OFFH, QIFFH
DB 214

tconpleaent

GINIT is the routine which transmits these parameters:

0044
0048
0044
004
004F
0052
0034
0057

059
io5¢

D03E
0061

00&3
0066
0068
On&t

DD&F
071
0074
0076
073
070
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80 1E 001F R GINIT:
B0 0C

EE 0004 R

BO 44

EE 0004 R

B2 01

EE OOOF R

BD 4B

ES 0004 R
B2 01

E& 00OF R
BD 70

ES 0004 R
B2 10

80 1E DO2i R
E§ DOOF R

BD 49

ES D004 R
B2 03

8 1E 0031 R
EB DOOF R
B0 4A

LEA BX,PRAHS
Hov AL,OCH
CALL OUTC
HOV ALy 46H
CALL ouTe
oV DL, 1
CALL DUTP
1oy AL,4EH

LALL DuTe

A0y DLy1

CALL oute
1oy AL,70H

CALL nUTC
10V DL, 10H
LEA BX,PRANSI
CALL outp

10V AL-4%H
CALL uTe
foy DLy 3

LEA BX,PRAN52
CALL DaTR

AV ALy 4AH

shit 0 blanks screen

sset zoon to zero

)

scursor/char
jcharacteristics.

iparageter sets lines
iper rov to zero.

iload entire
sparaneter RAfl.

H- graphics and
1400 pixels vartical.
sset cursor pos

e
N—

stirst pizel addressed
jsat mask
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007F EE 00D4 R
0ae2 82 02

D0g4 8D 1E 0034 R
0082 EB 0OOF R
ooge B 4C

008D EB8 0004 R
oge B2 0B

0092 8D 1E 0036 R
009 EB OOOF R

bo%s BD 22

(098 E§ 0004 R
0% B2 02

00AD 8D 1E OD41 R
00A4 EB 0O0OF R
0oa7 B0 21

00A9 A2 0043 R

00AC E8 0004 R

Q0AF BO 0D

00Bi EB8 0O0O4 R

joe4 EG OOBC R HAITz
oB7 3C 24

oey 75 FY

ooBe €3

MS-DOS SOFTWARE FOR INPUT/OUTPUT

-

CALL ouTe

HOV DLy2

LEA BX,PRAMG3
CALL ouUTP

DV AL, 4CH
CALL ouTC

1oV DLyOBH
LEA BX,PRAMS4
CALL OUTP

ifigure paramefers

sno geon. figs,
jdirection east.
surite data word high
jthen Lowy reset to 0.

fiov AL,224

{ALL ouTC

oy DL, 2

LEA B, FRANSS
CALL quTP

by AL,21H surite daia,

ithis time complement.
10V YRLOGIC, AL
CALL DUTC

71y AL, ODH
CALL QUTC

(ALL GETHEY
CHP AL, '$’

JUE HATT

RET

sre-enable screen

Command OCH blanks the screen. The first parameter at PRAMS
is used for setting zoom to zero, the second sets the number of
display lines per character row to zero. Command 70H means
start loading the parameter RAM at the first byte. The parameters
used (PRAMS1) set up one display partition, starting at the
address zero in graphic display memory with length 400 (display
lines). The remaining parameters are initialized to all bits set. This
is of significance in the case of parameter RAM bytes 8 and 9, as
this will ensure that figure drawing is carried out with unbroken
lines. Command 49H sets the cursor to the beginning of the
display area. Remember that this corresponds to the top left
corner on the CRT. If you wish to use Cartesian coordinates, your
programs will require additional calculations. Command 4AH uses
PRAMS3 to set the mask register with all bits set. PRAMS4
contains the initial values for figure drawing (dot drawing, direc-
tion East). Command 22H uses PRAMSS5 and the Logic setting 2
(reset to zero) to set the entire bit-map to zero. Command 21H
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sets the complement Logic for future drawing and writing. This
state of Logic is also recorded in the byte WRLOGIC Finally, the
screen is re-enabled.

Further processing is now dependent on entenng $ at the key-
board. The GETKEY routine for reading the keyboard must be
careful not to attempt to output a character to the CRT, once the
GDC is in graphics mode. In order to suppress this screen echo, the
direct I/O function of the operating system is used. This routine
will be invaluable in the keyboard-controlled drawing described
later. GETKEY returns the key pressed in register AL.

osC 32 GETKEY:  PUSH DX
0OBD B+ D& Hov &Hyé
OOBF B2 FF fiOV DL,OFFH
poct b 2 THT 21H
0oc3 s PP DX

focs €3 RET

Assuming that you wish to return to normal character writing
after completion of your graphics routines, you require an exit
routine to restore the status prior to graphic processing. This rou-
tine is at any rate to be recommended when using the debugging
tool, so that you can inspect registers and memory afterwards. The
parameters starting at EXPRAMS are used by the exit routine
GEXIT.

00Es &F 00 EXFRAMS DB BFH,0
00C7 00 90 00 01 00 FF EXPRARST DB 0,90H,0,1,0,0FFH, OFFH, OFFH, OFFH,
OFFH, OFFH, OFFH, OFFH
FF FF FF FF FF FF
FF
00D¢ 80 £ 0OCS R GEXIT:  LEA B,EXPRANS
000G BO 4B 0V AL y4BH
00DA EG 0004 R CALL DUTE
0000 B2 01 Y 0L, 1
O0DF EB DOOF R CALL OUTP
O0E2 BO 45 HOY AL, 46H
O0E4 EB 0004 R O CALL OUTE
00E7 B2 01 HOY DL, 1
00E9 EE OOOF R CALL OUTP
GOEC B0 70 HY AL, 70
OEE B 0004 R CALL OUTE
00F1 B2 0D HOV DL, 00
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0OF3 EG DOOF R CALL outp
00F6 B2 1A CLSCRH:  HOV DL, 1AH
00FE B4 02 ° fou AHy2
aora €0 21 INT 218
pOFC €3 RET

Command 4BH resets the number of display lines per character
row to 16. 46H ensures that zoom is set to zero. Following this,
the parameter RAM bytes are set. The IM bit is now reset, so that
graphics display memory is nolonger to be regarded as bit-mapped.
Finally, the screen is cleared and the cursor set top left.

As the next stage, we can reserve an area for cursor position
(CURPRAMS) and create a routine, CURSET, for transmitting
that position to the GDC. CURPRAMS contains in 2 bytes (lower
location = less significant byte) the word position, the third byte
(highest location) must contain in its four uppermost bits the dot
address within that word (see Position Cursor). The values used
here in the DB directives will place the cursor 131,584 pixels from
the beginning of display memory (no special significance to this
value), that is, approximately halfway along the 206th line of the
400 line display.

00FD 20 CURPRARS DB J0H
DOFE 20 08 201
00FF 00 bE 0
?
0100 BO 49 CURGET: 1OV AL, 49H
0102 EE 0004 R CALL ouTC
0105 @Bb iE DOFD R LEA By CURPRARS
0109 82 03 fiV DLy 3
0108 EB OOOF R CALL ouTe
0i0E €3 RET

Now reserve an area for storing figure drawing parameters:

010F 00 0O 00 00 00 OO FIGPRAMS 0B 0,0,0,0,0,0,0,0,0,0,0
oo 00 0o 00 0O

Enter the routine for transmitting these parameters to the GDC

0ita B0 40 FIGSET: 110V AL,4CH
01i¢ ES 0004 R CALL auUTC
011F 8D 1E OI1OF R LEA Bil,FIGPRAHG
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0123
0125
1128

82 08
EE 000F R
€3

fov OL.,08H
CALL DuTP
RET

and the command which sets drawing in progress.

01329

B0 &C FIGDRAW:

138 EB 0OD4 R

012E

€3

HOV AL,6CH

CALL QUTE

RET

All that is now required are actual parameters for figure
drawing. The following can be used for drawing a square:

§i2F 40 03 40 30 00 30 FIGPRAML
00 FF 3F 30 00

0B 40H,3,40H,30H,0,30H,0,0FFH, 3FH, 30H,0

The routines described hitherto can now be used in a program to
draw a square. First, the actual parameters in FIGPRAM1 are
copied to the 1l1l-byte FIGPRAMS area, as this is where the
FIGSET routine expects to find them. Then the GDC is set up
for graphics. Enter $, whereupon the cursor is set and the figure
drawn. The figure will remain on the screen until you enter x.
After the initial run, you may wish to experiment with the values
in CURPRAMS and FIGPRAM1.

D134 BD iE DIF R LEA BX,FIGPRANL
013E 8D 3E 010F R LEA DI,FIGPRAHS
0142 B1 0B floy CL,0BH

fi4s B84 07 HEXTPRI:  HOV AL,BYTE PTR [BX]
0146 88 05 fioy BYTE FTR [DIT,4L
0148 43 IHC BX

0149 47 IHC DT

0is4 FE (9 DEC €L

Di4L 75 Fé JHZ HEXTPRL

D14E EB 0D44 R CALL GIMIT

0151 E§ 0100 R CALL CURSET

0154 EG 0114 R CALL FIGSET

0137 E§ 0i29 R CALL FIGDRAH

0154 EB OOBC R HAIT2: CALL GETHEY

0156 3C 78 CHP AL, "2’

BISF 75 F9 JHE HAIT2

161 ES 00D4 R CALL GEXIT
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To draw a circle, it is necessary to draw 8 arcs each turning
through 45°. The arcs are drawn from four points around the
centre of the circle, using the following Direction values:

6 1
/0\
3 4
6]
0 7
5\.../,2

Begin by setting up the data storage areas as follows:

01a4 BE4D HIDOLE DM GBE4OH
Di66 01 fIDDLER DB 1
0147 32 RADIUS b 50
0168 000G NORTH I
0164 00 HORTHH e o
0148 0000 SOUTH Dy 0
i1sd 00 SOUTHR DB D
16k 0000 EAST Dy o
0170 4o EASTH g a
0171 oooo HEST Dy D
0i73 00 HESTH 0 0
0174 0000 PIXEL G4 0
0i76 00 FIXELH i
077 oo CURSL DR D
017§ 00 CURSH 1
pi7e 0o DOTROS DB O

The first three bytes contain the pixel position in up to 18 bits
(MIDDLEH = most significant byte, upper 6 bits reset) of the cen-
tre of the circle. The initial values used here place this point
approximately halfway along the 179th display line. Using this
position and RADIUS, the North, South, East, and West points
on the circumference of the circle can be calculated. These pixel
values are returned in NORTH, NORTHH, etc. as 3-byte values,
the third byte in each case being the most significant byte. Do not,
for the moment, alter the value in RADIUS.
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0174
0178
g17¢
0170
pigg
0183
0187
0189
018D
018E
a0
0193
0195
0198
p19¢
019F
11A3
0145
0149
0144
01a¢
014F
0181
§1B4
0188
pige
D1BF
nic1
01¢3
YW
gicy
nice
DiCE
pibi
0ibs
01D8
ginc
D1DE
01iE2
DiE3
01iE4
DiEY
J1EB
DIEE

468

RE

al

3l

B4 0230

A1 064 R
84 OE D167 R
32 ED

84 IE 0166 R
F§

18 (2

80 08 00

E2 FS

A3 0168 R

g8 1E 016A R
Al 0164 R
84 OE 0167 R
32 ED

g4 1E D166 R
F8

13 ¢2

&0 D3 00

E2 F8

A3 D14B R

88 1E D14D R
A1 D164 R

84 OE 0167 R
31 ED

8A 1E D146 R
F8

15 0001

80 03 00

E2 F7

A3 DISE R

88 1IE D170 R
Al 0164 R

BA OE D167 R
3 ED

BA IE 0166 R
Fé

10 go01

50 DB 00

E2 F7

A3 0171 R

BB IEDITS R

COMPAGS:

CHORTH=

HDCR:

CS0UTH:

SDER:

(EAST:

EDCR:

CHEST:

HDCR:

FUSH BX

PUSH €X

PusH DX

fiov DX, 280H

HOV AX,MORD FTR HIDDLE
fiov CL,RADIUS

KOR CH.CH

HoV BL,HIDOLEH

{LC

8BR #X,DX

SBB BL,O

LOoP HDCR

oV NORD PTR HORTH,AX
OV HORTHH,BL

A0V AX,HORD PTR HIDDLE
fily CL,RADIUS

A0k CH,CH

fioY BL,HIDDLEH

CLe

ADC AX,0X

4DC BL4 D

Lofe SDCR

DY YORD PTR SOUTH,AK
iV SOUTHH,BL

HOY AX;HORD FTR HIDDLE
Aoy CL;RADIUS

A0k CHyCH

fi0y BL,HIDDLEH

¢LC

ADE A1

#bC 8L,0

LOOP EDCR

HOV WORD PTR EAST,A%
0y EASTH,BL

HY AX,HORD PTR HIDDLE
oY CL RADIUS

X0R CHyCH

0V BLHIDDLEH

ELC

SRR fX,1

SBE BL,0

LDOP YDCR

HOV WORD PTR WEST,A¥
10V HESTH,BL

jpitch
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0IF2 54 PP OX
0iFd 39 POF CX
DiF4 38 PP AX
0iFs (3 RET

The following routine is useful for converting a 3-byte pixel
value into a format appropriate to the Position Cursor command,
that is, as a 16-bit word address and one additional byte with a
4-bit dot-position value in bits 4-7. Upon entry to WORDAD, the
pixel value must be available in PIXEL and (most significant)
PIXELH. The word address and dot position will be returned in
CURSL (least significant) and CURSH, with the dot position in
DOTPOS.

0IF6 53 HORDAD:  FUSH BX

0IF7 51 PUSH €X

0iFg 52 PUSH DX

0iF9 A1 0174 R AV AX,HORD PTR PIXEL
01FC BA DD oY DL,AL
OiFE B1 04 OV CLy4

0200 D3 EB GHR AK,CL
0202 BA 36 0176 R fdV DH,PIXELH
0206 D2 E2 SHL DLyCL
6208 02 E6 SHL DH,CL
020A 0A E& DR AHyDH

020C &8 26 0178 R fioy CURSH,AH
0210 A2 D177 R foy CURGL,AL
0213 8 16 0179 R Ay DOTPOS,OL
0217 94 FOF DX

0218 39 PP €X

021y S8 FOF BX

0214 €3 RET

The next routine, CURTRANSF, does no more than copy at
CURPRAMS the cursor position in CURSL, CURSH, and DOT-
POS. This means that the cursor position calculated by WOR-
DAD can be used by the CURSET routine.

0218 8D iE 0OFD R CURTRANSF: LEA BX,CURPRANS

021F AL 0177 R 1oV AX,HORD PTR CURSL
0222 39 07 HUV HORD PTR [BXI,AX
0224 43 IHE BX

0225 43 THC BX

0226 AD D179 R fioy AL,DOTPOS
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0229 38 07 HiY BYTE PTR [BXI,AL
022 3 RET

The program to draw two 45° arcs, one on each side of the
northmost point of the circumference, can now be put together.
The initialization of the graphics mode is the same procedure as
when drawing the rectangle. Following this, COMPASS calculates
pixel values for the North, South, East, and West positions. The
word address is calculated for North and placed at CURPRAMS
so that the cursor can be set: '

022 EB 0044 R CALL GIHIT

022F E3 0178 R CALL COHPASS

0232 A1 D16B R 0y AX,NORD FTR HORTH
0235 A3 0174 R flOY HORD PTR PIXEL,AX
0238 A0 O16A R AV AL,BYTE PTR HORTHH
0238 A2 0176 R iy BYTE PTR FIXELH.AL
023E E§ DIF6 R CALL HORDAD

0241 EB 021B K CALL CURTRAHSF

0244 ES 0100 R CALL CURSET

The next step is to set up FIGPRAMS with the parameter for
figure drawing. Note that drawing parameters D1, D2, D3, and
D5 contain values which apply specifically to the chosen radius
of 50 pixels. Therefore, if you change the radius, you will have
to adjust these parameters or write a routine to do this for you.
The most interesting parameter in FIGPRAMS is the first. The
bit for arc drawing remains set throughout the program but the
three Direction bits require different values between 0 and 7,
depending on the arc to be drawn (see figure immediately fol-
lowing the rectangle program). The values for drawing the two
arcs from the North point are 1 and 6. This program draws the
Direction 1 arc first.

0247 8D 1t O10F R LER BX,FIGPRAAS

0248 €6 07 21 HOY BYTE PTR [BX1,21H
stype of drawing = arc,
jdirection = 1.

D4E 43 INC BX

p4F €6 07 23 oY BYTE PTR [BX1,23H
srsin 49 for radius
130 pizels

0252 43 THG BY

0253 (4 07 40 {0y BYTE FTR [BXI,40H
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0256
0257

43
L6 07 31

0254
0258

43
Cé 07 00

025€
025F

43
6 07 &2

0262
0263

43
6 07 00

0266
D267
026A
0268
026E
026F
0272
0273

43
{6 07 FF
43
6 07 3F

<an

0276
0279

EB O11A R
ES 0129 R

Then follows the Direction 6 arc:

027¢
g27F
0284 EB Dila R
0287 ES 0179 R

EP 0100 R
6 06 DIOF R 26

MS-DOS SOFTWARE FOR INPUT/OUTPUT

saraphics drawing flay
THC BX
A0V BYTE FTR LBY1,31H

jone Less than radius
THE BX
HOV BYTE PTR [BX1,0

supper bits zero
IHC BX
OV BYTE PTR LBX1562H

52 % {radius-1)
IHE BX
KOV BYTE PTR [BX1,0

supper bits zero
IHC BX
HOY BYTE FTIR LBX1,OFFH
INC BX
floy BYTE PTR LBAQ,3FH
THC BX
oy BYTE PTR LBX1s0
INC BX
HoY BYTE FTR LBA1.0

D4

315

CALL FIGSET
CALL FIGORAH

CALL CURSET

HOV BYTE PTR FIGPRAHS,26H
[ALL FIGSET

CALL FIGORAM

Once the arcs at the point North on the circumference have been
drawn, the program can proceed to convert the pixel value for
South into a cursor position, set the cursor position, and draw

the southern arcs. The two arcs
are drawn in the same way.

0287 41 O16B R
028D A3 D174 R
0290 AD 016D R
0293 A2 0176 R
0296 EB 01Fs R
0299 EZ D21B R

at East and the two arcs at West

0V AX,HORD PTR S0UTH

HOV HORD PTR- PIXEL,AX

0¥ AL,BYTE FTR SOUTHH
HOV BYTE PTR PIXELH,AL
CALL HORDAD

{ALL CURTRANSF
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029¢
029F
0244
0247
0244
024D
0282
0285

0288
0288
02BE
02ct
02C4
02¢7
02CA
02D
2Dz
0203
0208
0208
02ED
02e3

02E4
02E9
02eC
02EF
02r2
02Fs
07Fg
02FB
0300
0303
03as
0309
030E
0311

EE 0100 R
C6 D6 D10F R 22
EB O11A R
6 0129 &
ES 0100 R
Cé 0& O10F R 25
E8 D11A R
EB 0129 R

Al DI6E K
A3 0174 R
AD 0170 R
A2 0176 R
E8 OIF6 R
ES 0218 R
EE D100 R
6 06 010F R 24
E8 G114 R
ES 0129 R
E8 0100 R
(6 D6 O10F R 27
EB D1IA R
ES 0129 &

AL 0171 R
A3 0174 &
AD D173 R
A2 0176 R
ES OiF6 R
EE 0ZIB R
ES 0100 R
(6 D6 O10F R 20
ES D1IA R
E8 D129 K
£E8 0100 R
Cé 06 DI0F R 33
ES O1i4 R
E8 0127 R

CALL CURSET

filv BYTE PTR FIGPRARS,22H
[ALL FIGSET

CALL FIGDRAY

CALL CURSET

fl0Y BYTE PTR FIGPRAHS, 253
CALL FIGSET

CALL FIGDRAM

TV 4iHORD PTR EAST

fi0V WORD PTR PIXEL,AX

fibv AL,BYTE PTR EASTH

OV BYTE PTR PINELH, AL
CALL HORDAD

CALL CURTRAHSF

[ALL CURSET

ROV BYTE PTR FIGPRAHS,24H
CALL FIGSET

CALL FIGDRAW

CALL CURSET

HOY BYTE PTR FIGPRARS,27H
CALL FIGSET

CALL FIGDRAH

HOY AX,HORD PTR WEST

HOV HORD FTR FIXEL,AX

ROV AL,BYTE PTR WESTH

HOV BYTE PTR PIXELHAL
CALL HORDAD

CALL CURTRAHSF

CALL CURSET

fioY BYTE FTR FIGPRAVS,20H
CALL FIGSET

CALL FIGDRAW

CALL CURSET

HOV BYTE PTR FIGPRAHS,23H
CALL FIGSET

CALL FIGDRAN

The circle will remain on the screen until you press x:

0314

EE OOBC R

0317 3C 78

0319

HF

0318 ES 00D4 R

4-72

CALL GETHEY
(P ALy '«
JHE HAIT3
CALL GEXIT
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The next example of programming the GDC in your NCR DE-
CISION MATE V gives you the possibility of doing pixel by pixel
drawing, by using the keys around the 5 key on the calculator pad
situated on the right of the keyboard. Depressing the 8 key will
plot one pixel north of the last pixel plotted; depressing the 9 key
will plot a pixel north-east of the last pixel plotted, and so on.
Pressing the 5 key will effect unplot instead of plot. In this way,
you can move the plot position without actually plotting. To see
where you are on the screen, press 5 and plot a point. If this is not
where you want to be, press 5 again and retrace the last movement
to erase the pixel plotted. Enter 0 and then x to leave the program.

The following routine reads the keyboard, and, upon receiving
a valid entry 1-9, sets the Direction bits in the first byte of FIG-
PRAMS accordingly. Note that the numbers on the calculator pad
require translation before they can be used as Direction values.
The part of the routine at ONOFF (executed if 5 is pressed) exe-
cutes a GDC Write Data command using the byte stored at WR-
LOGIC (defined at the beginning of the programming session) as a
toggle: if the set Logic is active, then it is replaced by reset Logic,
and vice-versa.

031E EB 0O0BC R CALCUL:  CALL GETREY
0321 32 D2 LR DLsDL
0323 3C 30 CHP ALy ‘07
0325 74 26 JE DVER
0327 3C 35 CHP AL, 'S’
0329 74 3D JE OHOFTF
032 3¢ 31 CHP AL, '1°
g3 74 IF JE DIRY
03F 3C 32 Chp AL, ‘2’
0331 74 29 JE DIRD
0333 3¢ 33 CHP AL, '3’
0335 74 13 JE DIR1
0337 30 34 CilF ALy 4’
0339 74 13 JE DIR&
033k 3¢ 36 CHiP ALy '6°
0330 74 19 JE DIRZ
033F 3. 37 Che oL, "7
0341 7% OF JE DIRS
0343 3C 38 CHiF &Ly "8°
0345 74 0D JE DIR4
0347 30 39 CHF AL, "9
0349 74 0B JE DIR3
0348 EB DI JHF CALCHL
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034D
034E
0330
0352
0354
0356
0358
0354
03¢

0340
0363
0344

0368
0348
034D
0370
0373

3

FE (2

FE €2

FE €2

FE €2

FE (2

FE €2

FE €2

88 16 OI0F R

ES 011A R
ES 0129 R
EB Bé

AD 0043 R
340

A2 0043 R
EE 0004 R

"EB A9

QVER:
DIR7:
DIR4:
DIRS:
DIR4:
DIR3:
DIR2:
DIR1z
DIRO:

¥
(NOFF:

RET

INC DL

IC DL

INC DL

INC DL

INC DL

INC DL

ING DL

HOV BYTE PTR FIGPRAHS,OL
thirection in FIGPRAMS

CALL FIGBET

CALL FIGDRAN

JHP CALCHL

HOY AL,BYTE PTR HRLOGIC
KOR ALy1

fiV BYTE PTR WRLOGIC,AL
CALL QUTC

JiF CALCUL

For pixel by pixel drawing, the “initial values” stated in the
description of the GDC Figure command should be set:

0375 00 00 40 08 00 08 FIGPRARZ
00 FF 3F FF 3F

DB 0,0,404,8,0,8,0,0FFH,3FH, OFFH, 3FH

To do this, the program first copies FIGPRAM2 to FIGPRAMS.
Set the cursor at CURPRAMS (this time the program does not do
this for you) before CURSET is called. The GDC command byte
23H changes the drawing Logic from its initialization setting of
“complement” to “set to 1.” This means that if lines cross during
drawing, pixel erasure will not occur. If this GDC command is
omitted, ONOFF will not work properly. The instruction pointer
will not leave CALCUL until you press 0. The ‘“‘complement”
setting of the drawing Logic is then restored. The JMP SAVEIT
instruction applies to a program extension described later. For the
moment, this instruction should read JMP SAVED.

0380
0384
f3g8
0384
038C

474

8D IE 0375 R
&0 3E O010F R
B1 OB
84 07
a8 03

HEXTPR2:

LEA BX,FIGPIARZ

LEA DI,FIGPRARS

1oy CL, 0BH

fi0V AL,BYTE PTR [BX]
oy BYTE FTR [DIT,4L

()
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03BE 43 IHC BX

03BF 47 THE DI

g39n FE €9 BEC CL

0392 75 Fé JHT HEXTPRZ

0394 EB 0044 R CALL GIHIT

{1397 EB 0100 R (ALL CURSET

B394 CA 06 0043 R 23 HOV BYTE PTR HRLOGIC,23H

039F B0 23 Hov AL, 234

1341 ES 0004 R CALL QuTe

(384 EB O3IE R CALL CALCUL

0347 ES§ 00BC R HAIT4: CaLL GETHEY

03as 3C 78 CriF ALy "’

43C 73 F9 JHE WAIT4

D38E o D4 D043 R 21 OV BYTE PTR WRLDGIC,21H

03e3 BO 21 foy AL.214

0383 ES 0004 R (aLL nuTe
sresefs to conplenent
ifrom any setting.

3B E9 4398 K JUF SAVEIT  5JAF SAVED

03B EE 00D4 R SAVED: CALL GEXIT

The character set of your NCR DECISION MATE V is stored
in the ROM which executes power-up initialization. The characters
are stored in ascending ASCII sequence from location 1000H on-
wards. Each character is stored in 16 bytes, representing 16 hori-
zontal line scans. In order to read a portion of the ROM, you
must activate Port 11 (Hex), which acts as a ROM-select switch.
To switch back to user RAM, Port 10 (Hex) must be activated.
While the ROM is selected, the RAM below location 2000H is
de-selected. This means that the part of your program which reads
the ROM must be located at or above that address. This presents
no problem inasmuch as the operating system loads transient
programs well above that address. However, you should bear in
mind that the 8086 interrupt vector is not accessible while the
ROM is selected. This means that INT 21H would cause loss of
program control. Therefore, you must de-select the ROM before
using MS-DOS function requests. If you are using your own
interfaces with peripheral devices and these interfaces make use of
interrupts, it is advisable to issue a disable interrupts instruction
(CLI) prior to ROM selection. ‘

CHSTORE is to be used for storing the 16-byte character
pattern immediately upon being read from the ROM:

4-75



03BE L CHSTORE DB 14 DUP(D)
00

The following routine, ASCII, fetches a 16 x 8 bit pattern
from the ROM and deposits it in the 16-byte storage area CH-
STORE. Upon entry, register AL must contain the ASCII character
for which the bit pattern is required. The binary value of the
ASCII character is multiplied by 16, the result residing in AX. The
start address of the character area in the ROM is added to this,
thus BX addresses the first of the 16 bytes containing the bit
pattern. These bytes are then copied via register AL to CHSTORE.
Note the segment override prefix in the program line containing
the ROMBYTE label. This must be included, otherwise the 1000H
offset would relate to the beginning of the program area set up
by the operating system, and not to the beginning of machine
memory.

i3CE 53 ASCII: PUSH BX

03CF 51 PUSH €X

03bn 52 pUsH D%

03b1 82 i0 fiy DL, 100

(303 Fé E2 fiiL DL scode alrpady in 4L
;at calling.

03ps 05 1000 ADD A, 10008  yaddress of char

3in ROH now in &X.

0308 2B DE 0y BX,4K

03DA 3D 3E O3BE R LEA DI CHSTORE

D3DE B9 001D oy CX, 104

03E1 B4 000D oy by, 0

03E4 BE €2 floy ES,D¥

(3E4 E& 11 0T 11,40

03ES 24 B 07 ROMBYTE: OV AL,ER:RYTE FTR LR

(3ER 38 03 fiy BYTE PTR [DIJ.AL

(3EL 43 THE BX

03EE 47 IHC BT

03EF E2 F7 LOOF ROFIRYTE

03F1 &6 10 OUT 10H,AL

03F3 A FOP DY

03F4 59 POP CX

G3Fs Eb FOF BX

03F4 (3 RET
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The following two program lines make a copy of the bit pattern
of the number 7:

03F7 B0 37 HOV AL, 7"
03F? EE D3CE R CALL ASLIT

If you write out the bit pattern contained in CHSTORE, you will
see that the least significant bit of each byte contains the leftmost
pixel of the line scan for that byte.

The GDC parameter RAM provides a comfortable means of
creating your own user-defined graphic symbols. An 8 x 8 pixel
design stored in bytes 8-15 of the parameter RAM can be output
as often as you wish.

You may find the two following routines useful. The first sets
a zoom factor for the CRT representation of the graphic symbol
contained in the parameter RAM. This zoom factor (0-15) must be
available in the lower four bits of a single byte area, ZOOMFACT.

03FC 04 Z00TIFACT DB 4
H
03FD BD 46 il E 1y ALy 46H
O3FF E8 0004 R CALL ouTC
0402 B0 iE O3FC R LEA BX,Z00NFACT
0406 €2 01 OV DLy 1
0408 E8 DOOF R CALL ouTP
f40B -C3 RET

The second routine, SKEW, produces in CHARMIR. a mirror image
of each byte of an 8 x 8 design stored in CHARPATT. This design
is thus copied “back to front.” Furthermore, the byte sequence is
inverted.

g40¢ g8 CHARHIR OB § DUR(DY
00
1
0414 00 5A 42 7€ 3C 24 CHARPATT DB 0,58H,42H, 7EH,3CH, 24H, 240,424
4 4L)
irandoa example

i
041C 8D 1E D414 R SKEW: LEA BX;CHARPATT

0420 83 €3 07 ADD BX47 ;X points to Bth byte
0423 8D 3E 040C R LEA DI,CHARRIR ;DI points to first byte
0427 B9 0008 Hov CX,8

0424 8A 07 HEXTCH:  HOV AL,BYTE PTR [BX]
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43¢

042F
§431
0432
0433
4335

D438
0437
(1438
0439
0438
043D
D43F
0441
D443
0443
0447
0449
D44R
044D
0430
0433
0493
0437
D4aE
0439
0434

EB 0436 R

a2

32 F4
B2 01
B1 01

A DB
37 B4
Bp (3

D3 EO

22 12
0 F4
Do E2

80 €102
80 F% 11
73 EC
B4 L6

54

59

58

{3

!
AIRROR=

REXTSHFT:

(ALL tIIRROR
ito cancel airrory
jreplace CALL instruc-
jtion by three HiPs.
fioy BYTE PTR [DIT,AL

DEC BX

IHE DI

LOOP HEXTCH  juntil all 8 hytes

RET sexchangad and nirrored

PUSH BX sthe hits of the AL
PUSH CX jregister are mirrored
PUSH DY saround an imaginary
X0k DH,DH iaxis hetueen bits 3
HOV DLyl sand 4. Thus hits 0
fiay €Lyl jand 7 exchange posit-
fliy BLyAL sionsy as do bhits 1
R AHLAH jand 4, and S0 on.
oV AL,BL

SHL AX,CL

AHD ANy DL

IR DH,4H

SHL DLyd

abh CL,2

CiP CLy 1M

JHE HEXTSHFT

fioy AL,DH

POF DX

FOR X

POp BY

RET

The CHAROUT routine loads the 8 x 8 pattern contained in
CHARMIR into bytes 8-15 of the GDC parameter RAM. Following
‘this, the parameters for the GDC Figure command and the zoom
factor are set. The Figure parameters

0438 16 07 40 07 00

CHF GPRATI

DB 16H, 7440H, 7,0

sset slant with bit 7 in byte 1

indicate in byte 1 that a non-slanting graphics character with
initial drawing direction 6 is to be created. Byte 2 contains the
number of pixels, minus 1. The only significance to byte 3 is that
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the graphics bit is set. Bytes 4 and 5 conclude the setting of the
graphics character window as 8 x 8 pixels. Command byte 68H
finally draws the character, using the magnification factor placed
by CHAROUT in ZOOMFACT.

0440 B0 78 CHARGUT:  HOV AL;78H  jstarter in pRAH
sat parn 8.

0462 EB 0004 R CALL 0uTC

D465 BD IE D4DC R LEA BYsCHARAIR

04467 B2 08 Hov DL, 8

0468 EB DOOF R CALL OUTP

D44E B0 4C HOV AL, 4CH jfigset
D470 EB DDD4 R CALL OUTC

0473 80 1E 0438 R LEA BX,CHFGFRAN

0477 B2 03 oY DL,5

0479 EDB OODF R CALY. OUTR

D47C (4 D& D3FC R D4 HOV BYTE PTR ZOOHFACT,4
(481 E8 O3FD R (ALL 2000 :
0484 B0 48 v AL, 68H idraw graphic char
0486 EB 00D R CALL oUTC

0489 (3 RET

You can put these routines together in the following program.
The number 7 is copied from the ROM into CHSTORE. The first
three and the last four bytes of CHSTORE contain zero, repre-
senting line scans for that character in which no pixels are drawn.
The number 7, like many characters in the character set, is nine
pixels high, so it will not fit into the GDC parameter RAM. In
fact, the bottom of the 7 is truncated during the 8-byte transfer
from CHSTORE to CHARPATT in this example. You can get
around this problem in graphics mode character writing by trans-
mitting -the entire 16-byte in two stages to the GDC parameter
RAM (this is how your NCR DECISION MATE V uses the GDC
for screen writing in the non-graphics mode), or by simply plotting
the character pixel by pixel. For user-defined graphics, this ad-
ditional programming is not necessary, provided that you can fit
all the dots (set bits) into the 8 x 8 format. This program writes
copies of the character below one another, if you press the r key.
The reason for the position of the next copy becomes apparent
if you consider the order in which the bits of the parameter RAM
are transmitted (see ‘““The Parameter RAM*’) and the direction set
by CHFGPRAM. By way of extending this program, you may wish
to include a cursor positioning facility.
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0484 ES D044 R CALL GINIT

048D EB 0100 R (ALL CURGEY

0490 BO 37 v AL, ‘7'

(492 EB OSCER CALL ASTIT

0495 80 IE O3BE R LEA BX,CHSTORE

0499 43 THC B sdoes not copy
0494 43 IHC BX tentire charactar
D498 43 IHC BX

049C 3D 3E D414 R LEA DI, CHARPATT

D440 B9 DDOE 1oy X, 8

D443 S 07 HEXTCOP:  HOYV AL,BYTE PTR [BX]
04p5 88 05 DV BYTE FTR [DI1.4L
0407 43 IHC BX

(448 47 ING DI

0449 E2 F§ Lane HEXTCOP

D4AB EB D410 R ’ CALL SKEN

D44E EB Q460 R REPEAT:  CALL CHAROUT

0481 EB DORC R YAITS: CALL GETKEY

D4B4 3¢ 72 ChP ALy 'r?

D4B6 74 Féh JiE REPEAT

0488 3C 78 ChP &L, 'y’

MBA 75 FS JHE HATTS

4BC E3 00D4 R CALL GEXIT

By altering the parameters for the GDC Figure command and
blanking out the CALL SKEW and CALL MIRROR instructions,
you can create some interesting effects..

Finally, let us look at an example of reading the graphic dis-
play memory. This facility of the GDC enables you to store
graphic designs in such a way that they can be reproduced on the
screen at a later time. The following routines enable you to copy
graphics display memory contents into user memory. Once they
are in user memory, you can easily adjust the graphic image, and
then re-write to graphic display memory or store on disk. In
everyday practice you will probably read and store blocks of GDC
memory in multiples of the disk record size. The routines described
here read one half of the graphic display memory for a mono-
chrome CRT into user memory. This is to facilitate manipulation
of the graphic image. If your NCR DECISION MATE V has a
memory greater than 64KB, you can read the entire graphic bit
map (32000 bytes). This is impracticable in the 64 KB memory if
the operating system and the debugging utility are to be retained.

The data areas required:

4.80

O

)



SYSTEM TECHNICAL MANUAL MS-DOS SOFTWARE FOR INPUT/OUTPUT

D4BF FF FF PRAKSR 0B OFFH,DFFH

041 FF FF RMAGK DB OFFH,OFFH

04C3 02 08 40 08 00 08 FIGSR DB 2,8,404,8,0,8,0,0FFH,3FH, OFFH, 3FH
00 FF 3F FF 3F

D4E 02 - HASKFIG DB 2
04CF 3E80 € SCREEH DB 16000 DUP(D)
00
1
434F FF FF DUNBYTES DB OFFH,0FFH

When you have completed a screen drawing using the pixel
by pixel drawing facility described earlier in these GDC pro-
gramming examples, you probably want to save your graphic
design. This must be done before your program leaves the graphic
mode, as the GEXIT routine sets the graphics display memory to
zero. Therefore, you should insert an instruction before or in place
of the CALL GEXIT instruction at the end of the pixel by pixel
drawing program, in order to jump first to the program which
saves your graphic design: JMP SAVEIT.

Before looking at the SAVEIT program, let us consider three
routines which govern the GDC commands and parameters re-
quired for reading graphic display memory. The READSCRN
routine reads eight 16-bit words of graphic display memory (the
size of the FIFO buffer) into user memory via the port Al. Before
reading each byte, bit zero of the GDC status register is read, in
order to check whether a data byte is available. As soon as a byte
is read, this bit resets to zero and remains zero until the next data
byte is available from the FIFO buffer. The speed of this resetting
to zero is sufficiently high to prevent an unwanted second reading
of the same data byte. As each byte is read, it is stored at a mem-
ory address pointed to by the DI register, and that register is then
incremented.

4331 31 READSCRM:  PUSH CX

£332 B9 0008 Hov C%,8

£335 B2 02 HEXTWORD: HOV DL,2

4357 E4 AD READVCHK: IH AL,DAOH

£339 24 01 AND AL, 1

4358 74 FA JZ READYCHK

£330 E4 Al IN AL,0ALH

435F BB 05 1Y BYTE PTR [DIJ.AL
(361 47 INC DI
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4362 FE CA DEC DL

436 75 F1 JHZ READYCHK
4366 E2 ED LOGP HEXTHORD
4368 99 POP LK

4367 (3 RET

FIFOCLR issues the Read Data command to the GDC, thus effec-
ting the FIFO buffer turn-around. You do not have to check
whether the FIFO buffer is empty before issuing this command, as
any commands and parameters already in the buffer will be dealt
with before the Read Data command is actually executed.

+36f BO AD FIFOCLR: ROV AL,0DAOH
4360 EB 0004 R CALL QUTL
L36F €3 RET

Before the Read Data command is issued, you must set up the
parameter RAM, and Mask and Figure parameters: bytes 8 and 9
of the parameter RAM and the Mask register must contain FF
values to ensure that all bits in the graphic display memory are
read; the two significant parameters in FIGSR for the Read Data
command are the Direction in the first byte, and the number of
words to be read (8, as also specified in READSCRN) in the
second byte. The Direction specified is 2 (East), as this enables
graphic display memory words to be accessed sequentially without
the program overhead of cursor positioning. This means that the
first 80 bytes read from the GDC correspond to the top pixel row
on the CRT, the next 80 bytes refer to the next pixel row (also
reading from left to right), and so on. If you write a program to
send screen contents to a printer, you will find it more conven-
ient to set a vertical Direction, thus reading a rectangular area of
the screen with each Read Data command.

4370 BO 78 SETREAD:  HOV AL,78H

4372 EB 0004 R CALL oute jsel pRAN
4373 8D IE D4BF R LE# BX,PRARER

4379 B2 D2 oy DL,2

4378 ES 00OF R, CALL outp

437E BD 4A HOV ALy4AH

£380 EJ DOD4 R CaLL QuTC iset mask
4383 8D IE D4CL K LEA BX,RAASK

4387 B2 02 ROV BL,2

4389 EG ODOF R CALL 0uTR

438C BO 4C HOV AL, 4CH
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438E EG 0004 R CALL QUTC jset fig
£391 8D 1E 04C3 LEA BX,FIGER

4395 B2 OB foV DL, OBH

£397 S OOOF R CALL auTP

439 (3 RET

You can now put together these routines to read the lower
half of the (monochrome) graphics display memory into the
16,000 byte area SCREEN. This corresponds to the top half of
the screen.

4398 8D 1E DOFD R GAVEIT®  LEA BX,CURPRARHS
sreading to start
sat top leff corner
jof the screen

439F €7 07 0000 fl0¥ NORD FTR [BX1,0
L33 43 THC BX

43p4 €7 07 DODD fiDy NORD PTR LBX1,0
43A8 EG 0100 R CALL CURSET

438 8D 3E 04CF R LEA DI;5CREEH

43AF B9 D3E8 Hov CX,03ESH

4382 EO 4370 R HEXTSCRH=  CALL SETREAD

4385 ES 4364 R CALL FIFOCLR

4308 EE 4301 R CALL READSCRH

4388 E2 F5 LOOP HEXTSCRH

43BD EB 00D4 K CALL GEXIY

Before re-writing your display data to graphics display mem-
ory, you might wish to change the data in some way:

4300 E8 4420 R CALL AD.JUST

Leaving such changes aside for the moment, let us first examine
a method of writing the 16,000 byte graphic design, now held in
main memory, back into the graphics display memory. You have
already practised one way of doing this, namely, in the program
example of pixel by pixel drawing under keyboard control. The
difference is that the keyboard control is replaced by the perma-
nently set Direction 2 (East). In this way, the screen is built up in
the sequence in which it was read. This is accomplished by reading
SCREEN byte by byte, shifting each bit of each byte through the
Carry flag, and setting the drawing Logic to ‘“‘set to one’ or “reset
to zero” in accordance with that CPU flag. The NOP instruction
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is included to facilitate breakpoint setting when you are testing

the program with the debugging utility.

£33
43C7
£3C8
43CE
4300
4302
+303
43D4
4306

4308
43DE
43E1
L34
43E8
43EB
+3EC
43EF
43F1
£3F3
43F3
43F7
+3F4
L3FC
43FF
4401
4404
4408
4404
4400
44DF
£412
414
4413
4416
£413
4418
441D
4420
422
4424
£427
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80 1E 0375 R
80 3E D1OF R
89 0ooB

BA 07

88 03

43

&7

E1 FB

6 06 010F R 02

EB 0044 R
ES 0100 R
EB 0114 K
3D 3E D4CF R
B9 3E80
51

B9 DODG
%A 25

D0 EC

71 05

B 22

EB 03 90
BO 23

ES 0004 R
B 4¢

ES 0004 R
8 IE 010F R
87 03

ES O0OF &
BO 4C

EE D0D4 R
E2 00

§7

59

E2 D3

B0 21

ES 0004 R
ES Q0BG R
3t 78

75 F9

EB 0004 R
%0

PAINT:

HEXTPR3:

NEWBYTE:

CHECKBIT:

PLOT:
LOGICSET:

HAITA:

LEA BX,FIGPRANZ

LER DI,FIGPRAMNS

Hov CX,08H

110V AL,BYTE PIR L[BX]

HOV BYTE PTR [DI1,AL

IHC BX

IHC DI

LODP HEXTPR3

floy BYTE PTR FIGPRANS,2
shirection East

[aLl. GINIT

CALL CURSET

CALL FIGHET

LEA DI,SCREEH

Hov GX,3E80H

PUSH X

Hoy CX,8

HOV AH,BYTE PTR [DI

SHR aHq1

JC PLOT icheck Carry,y

oy aL,23  jset drawing Logic

JHP LOGICSET jaccordingly

oy al,23H

CALL QuTC

HOY AL;40H  jcommand to set

CALL QUTC  jFigure parameters

LEA BX,FIGPRANS

HoV DL, 3 jset first three

CaLL OUTR

Hov AL, 4CH

CALL DUTC

LOGP CHECKBIT

THC DI

Pop ©X

LDOF NENBYTE

HOY AL, 21H

CALL oUTC

CALL GETHEY

CilP ALy’

JUE B&ITS

CALL &EXIT

Hop

i0raw cosmand

jrastore
sConplenent Logic

sFigure paraneters.
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The following routine shows just two of many possibilities of
altering the graphic image while it is stored in main memory. You
can construct a vector from which one of a number of alteration
routines can be activated, according to keyboard input.

4428 ES DOBC R ADJUST:  CALL GETKEY

4428 30 00 CHF aLs0

D T4 FY JE ADJUST

HIF 3 69 CHE ALy'i*  ypixel inversion
4431 74 05 JE ADJUSTE

4433 3C 6D (HP &Ly 'R’ jmirror inage
435 74 13 JE ADJUST2

437 (3 RET

The two possibilities envisaged here are the inversion (bit comple-
menting) of the screen image, and the production of a mirror
image. The inversion routine simply uses the 8086 instruction to
produce the one’s complement of a register. The effect is the same
as writing all ones with complement Logic into the graphics
display memory.

£438 8D 3E 04CF R ADJUST1:  LEA DI,SCREEM

4430 B9 1F40 HOV {Xy 1F40H

t43F 8B 05 ADJUST11: Oy AX,HORD PTR [DI]
4441 F7.00 HIT A%

(443 89 05 fiV HORD PTR C[DIZ,8X
4445 41 IHC DI

k44s 47 IHC DI

4447 E2 Fb LODP ADJUST1I

4449 (3 RET

The mirror routine (ADJUSTZ2) regards SCREEN as 200 “lines,”
each containing 80 bytes (= 640 bits for one display line). Each
line is turned ‘‘back to front.” Following this, the same is done
within each byte, using the MIRROR routine described earlier.
Thus, an arrow which previously pointed left, will now point to
the right when the contents of SCREEN are re-written to graphics
display memory. ' '

4444 8D IE U#CF‘R ADJUST2:  LEA BX,SCREEN

L44E 4B DEC BX
444F B9 DOCR oy €X,200
4452 51 HEXTLIME: PUSH CX
4433 B? 0029 v CX,40
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4456 BF 0028 fI0Y DI,40

4439 BE 0029 iy 81,41
sstarting fron center of
;line working outwards,
jexchange byiz pairs
iwithin that Line
4450 87 01 LINESHOP: DV AL,BYTE PTR [RX+DI]
4458 84 20 0V AHLBYTE FTR [BX+5I1
4460 B8 21 HOY BYTE PTR [RiDI1,8H
462 88 00 A0V BYTE PTR [BX+5I1:AL
4hed 4F DEC DI
4445 46 IHC 5I
4466 E2 F4 LOOF LIMESHOP
44468 39 Pup €X
4449 B3 €3 30 ADD BX,B0
4460 E2 E4 ' LGP HEXTLINE
spoint fo nexi line of
sstored screen
446E 8D 3E D4CF R LEA DI,SCREEN
4472 B9 3E80 Hov CX,3ESOH
473 BA DD ADJUSTZ1:  HOY AL.BYTE PTR LDI
4477 EB D436 R CALL HIRROR
snirror byie within itself
M4 280 ROV BYTE PTR [DIL,4L
470 47 IHC DI
470 E2 Fé LOOP ADJUST21
47F (3 RET

You are probably asking yourself why the screen writing takes
so much time. There are two factors to be considered. First, the
program described above does a complete write operation, in the
sense that each pixel is addressed, irrespective of whether it is to
be turned on or not. The fast method of drawing a figure on the
screen is to store and output the coordinates and other parameters
which relate solely to the pixels to be plotted, and to make use of
the GDC’s figure drawing capabilities (line, arc, etc.). This is how
the square and circle were drawn in the earlier examples. In fact,
you can draw many more figures, and the drawing process will still
appear to be instantaneous. The second factor regarding the speed
of the screen write is that the Figure parameters have to be re-
stored for each pixel.

There are two other methods of screen writing in the graphics
mode, both of which give improved performance. One method is
to load the parameter RAM with one 8 x 8 pixel pattern after
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another. This creates some additional program overhead for cursor
positioning. For this reason, the following method is worth con-
sidering:

4480 EB 4428 R CALL ADJUST
4483 ES 0044 R (ALL GIMIT
4484 BO 4C fiy ALy4CH  jcomnand to set
4488 ES 0004 R CALL QUTC  ;Figure parameters
4488 BD 1E D4(E R LEA BX,HASKFIG
448F B2 01 HV DLyt sonly one required
4491 EB 00OF R CALL puTPR
4494 E§ 0100 R CALL CURSET
4497 8D 1E D4CF R LEA BX,5CREEH
L498 8D 3E 434F R LEA DI,DURBYTES
449F B9 1F40 0y CXy IF40H
442 BOD 4A HEXTHASK: HOV AL,4AH jcommand to load
4404 EB 0DD4 R CALL OUTC  stask with word of
447 B2 02 iV DLy2  jstored screen contents
44A% ER OOOF R CALL oUTR
L4AC BO 23 HOV AL,23H jurite to screen with
448 EB 0004 R CALL QUTE  37set” Logic ...
4481 87 DF YCHG BX,0I 5 (BX now paints to
3 DUHBYTES)

- 4483 B2 02 HOV DL,2  3... setting all bits
4485 EE DDOF R CALL OUTF  jthat are sei in tlask
14B8 4B DEC BY
4489 * 4B DEL BY
4484 87 DF ACHG BXyDI 5BK now points o next

jscreen word,
;DI to DUABYTES

44BC E2 E4 LOOP HEXTHASK
44BE EB OOBC R HAIT?: CALL GETHEY
G130 78 P ALy 'y’
H#3 TR JHE HALTY
£4C5  EB 00D4 R CALL GEXIT
4408 90 HOP

H
409 ' CSEG EMDS

As before, the writing Direction should be set to 2 (East), thus
enabling sequential writing without the need to position the cur-
sor, beyond initially specifying the top left corner (check CUR-
PRAMS). This program loads the Mask register word by word with
the contents of SCREEN. The Write Data command is transmitted
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to the GDC with all its parameter bits set. This means that the
16-bit pattern contained in the Mask register appears as a hori-
zontal pattern of data on the screen in one write cycle. There is
no need to repeat the Figure parameter setting. By altering the
initial cursor position, you can address different parts of the
screen.

COLOR GRAPHICS
The discussion of the GDC and the programming examples so far
have dealt with graphics on a monochrome CRT. If your NCR
DECISION MATE V has a color CRT, you can make full use of
color in the graphics as well as the non-graphics mode. For this
purpose, the graphic display RAM has a capacity of 96 KB, instead
of the 32KB RAM used by monochrome CRTs. Even the larger
RAM area lies well within the addressing capability of the GDC.

Whereas color in the non-graphic mode is stored in the video
attribute byte belonging to each 16 x 8 character area of the
graphic display RAM, the graphic mode requires the use of three
separate areas corresponding to the green, red, and blue guns of
the color CRT. Therefore, your graphics programs must influence
not just one, but three bit maps, if you wish to make full use of
the color range. The bit maps start at 32KB boundaries in the
96 KB graphic display memory. Even if you wish to confine
pixel writing and drawing to green on black (the first 32 KB govern
the green gun, the next 32KB the red gun, and the last 32KB the
blue gun), you must adapt your graphics initialization routine to
reset bits in all three maps. This ensures that the screen is black.
Failure to do so may produce intermittent splashes of red and
blue. To address the red and blue bit maps, simply increase the
cursor address (as used in the graphics initialization routine) by
32 KB and 64 KB respectively.

Apart from this, all you have to remember is that each Draw
and Draw Graphics Character command must be repeated once or
twice, or not at all, according to the color effect desired.
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APPENDIX C

THE MS-DOS I/0 PROGRAM (Version 1)

LOADER —Thebootloader ......covvveeninnnnn C-2

BASINIT — Initialization software . ... ............ C-20
FIRMWARE — The procedure to read the firmware

VEISIOM oot veevieeiree et insonoenosanoenneas C-25
10.SYS — Controls CRT, printer, and clock

fUNCHIONS ..ot i it it et e i et C-217
KBD-DRV — The keyboard driver ................ C-98
DSKDRYV — The flexible disk driver . . . . ... ....... C-124
WIDRV — The Winchester disk driver ............ C-176
LinkMapof IOSYS . ...ttt C-195



LOADER

.
1

SRR R O R R R R R R AR R AR
Hagadaaiszesadizdtadesizatatiziiiscdniz tiieitidotosziiiidt dt tissisiiizidts
SRR RO R R R R R %

BOOT LOADER FOR MS-DOS VER. 2.0

“s we we s

338tz etttz it itz iiiiiisiioiii itttz eziiifizeizsty
Hidiiidiiisziis itttz izl fiiiitizeisiadziiititiiniziiititeilils
FREEXEXEERREEEEE EREEE R AR AR E R R R R ER A LR R E R AR AR ER LIRS

THIS MODULE HUST BE RECORDED BY “FORMAT® ON EACH HS-DOS
DISKETTE IN THE FIRST SECTOR (512 BYTES).

IT CONSISTS OF A BIOS PARAMETER BLOCK (BPB) DESCRIBING
THE NEDIA, AND CODE REGUIRED 70 LOAD THE HS-DOS OPERATING
SYSTEM MODULES 10.5YS AND MSDOS.SYS.

10.5YS AND MSD0S.5YS HAVE T0 BE THE FIRST TWO FILES ON
EACH SYSTEN DISKETTE.

THIS NODULE IS ERTERED FROH FIRMWARE AFTER THE FIRST THREE
TRACKS HAVE BEEW READ TO MEMORY STARTIMG AT LOCATION
0000:2000. .

HEMORY ALLOCATION AFTER FIRHWARE BOOTING:

address contents

000022000 LOADER

000032200 FAT

000032600 ROOT DIRECTORY (1st sector) FORMATS FE AND FF
00002400 ROOT DIRECTORY (1st sector) FORMATS FC AND FD

FIRMWARE TRANSFERS CONTROL TO THIS MODULE VIA A JUHP FAR
000D=2000.
S, 05, ES, SS ARE ALL SET TO ZERO.

ADDRESS 0000:FEQ6 CONTAINS A MEMORY SIZE 10 BYTE

id byte senory size

OB e e we e “ee Mt MO W WA ws W wa 90 we WP wh wE e e we e s ‘e WO We ‘we WP e wE W WS we we We e e wo wa b

00 hex 84 kbytes
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LOADER,

01 hex
02 hex
03 hex
04 hex
05 hex
06 hex
07 hex

etc,

128
192
254
320
384
448
512

kbytes
kbytes
kbytes
kbytes
kbytes
tbytes
kbytes

APPENDIX C

SEREREEEREEERE RO RO R R R AR
Hiiii ittt it iititiitidtiiiistitiinitintitntaiitesteistitisintitiiid]
Hiti3:2iiei0ititiitisiiiidtisiatiiissiiitidieissisttatisisiitizetitiztiiitii
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0040
0080
0002
0018

DOF4
0005

003t
0050
0051

0024
0028
0026
0027

0013

c4

LOADER.

1]
7 EEREHEE RO T

jaex DISK CONSTANTS a#x
FEEEREHEE R

DENSIIY EOU 40K
WALTTRK EQ 808
BITSEC EQU 2

6L EQU  1BH
PATTERH EQU  OF&H
INNER EQU 3

i

i
;!l!*i*i!l*ﬁ*g!!t!ﬁl

jeex 1/0 PORTS #ax
FEEEEEEE R

ocomd  EOU M
DSTAT EQU  S0W
FOCRA EOU S

DHAMB  EQU 20
DrAND  EQU  2BH
(0AD  EDD 284
1 EQU 2

SYSSTA EQU 134
i
i

i DOUBLE DENSITY BIT (MFM)
7 HULTY TRACK READING

7 BYTES PER SECTOR (H)

§ GAP LENGTH

i
7 FORMAT PATTERK

H

i Huaber of inner retries

i DISK COMMAND PORT
3 DISK STATUS PORT
i READ DATA FROM FDC PORT

WRITE SINGLE MASK REGISTER BIT
OfA HODE PORT

DHA ADDR PORT

DHA LENGTH PORT

.
’
.
1
.
H
.
H

i SYSTEN STATUS PORT
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0047

0002
0005
0006
0007
eos
000A
000D
000F

0000
0040

Qo0
0010
ott
0041
0001
0001
0000

EQ00

LOADER.

'

PR E R
jeet DA CONNAMDS #k
Lt

3 - e

MANRT EQU  47H

'

Hiitetieiiatiitidiidy]
it FDC COMMAKDS  #¢a
| EEEROHES R

’

READTRK EQU  O2H
WRITDAT EQU  O5H
READDAT EQU  O6H
RESTORE EQU  O7H
FOCSIS EQU 08K
IOREAD EAU  OAN
WRITFNT EQU  ODH
SEEKTRK EQU  OFH

!
[3233233333382322232801

ja¥e LOADER EQUATES #xx
EEEH R

i
BIOSOFF EOU

BIOSSEG EQY
'

80 EQU
RAN EQU
Ron EQu
REYST EQU
KEYSTROKE EQU
THVDISP QU
HORHAL E0U

i
REAL_ADDRESS  EQU
i

0000H

4004718

0DOH
10H
1R
41
DK
L]
00H

OEODOH

APPENDIX C

7 NRITE DMA COMNAND

i READ TRACK COMMARD

3 WRITE DATA CONMNAKD

7 READ DATA COMNAKD

3 RESTORE COMSAND

7 SENSE INTERRUPT STATUS
3 READ 1D COMHAKD

5 FORMAT A TRACK

7 SEEK A TRACK

$1P AT BIOS ENTRY
7C8 AT BIOS EMTRY

jPROCESSOR SMITCH

FSNITCH TN RAM

FSHITCH T0 RONM

FREYBOARD STATUS PORT

;IF TRUE ANY KEY HAS BEEN DEPRESSED
FINVERSE VIDEO

$ADDRESS OF RELOCATED LOADER

Cc-5



2000 £91800

2003 313642495420
2020

2008 0002
2000 02
200E 0100
2010 02
2011 7000
2013 D002
015 F0
2016 0200

2018 0700
2014 0200
201C 0000

c6

204E

LOADER,

-.

CSEG

0RE 20004 m
H
P START $SKIP BPB
i
0510 DB 1168IT {THIS IDENTIFIER 15 NEEDED BY FIRMMARE
$70 INITIALIZE 16-BIT PROCESSOR
H
i
§
i BPB
H
H
T
H FORMAT eevneverencoennerenennancf)  FF FC FE
i
BYTES_PER_SECTOR W S512 512 512 512
SECTORS_PER_ALLOCATION.WNIT DB 2 2 &t 1
RESERVED_SECTORS ] RS S S R S
HUNBER _OF_FATS B2 2 2 2

HUMBER_OF_ROOT_DIR_ENTRIES ¥ 112 3112 &4 4
HUMBER_OF_SECTORS_IR_LOG_IAGE DN 720 5640 360 320
HEDIA_DESCRIPTOR ] OFDH OFFH  OFCH  OFER
HUNBER_OF _FAT_SECTORS w 2 2 1

C

8 e wn ws wen s .

y

RUMBER_OF SECTORS_PER_TRACK  OW ? 8 ? 8
HUMBER_OF_HEADS oV 2 32 1 1
RUMBER _OF HIDDEN_SECTORS o [ Q e

e s e o s s

i DEFAULT FORMAT PRODUCED BY FORMAT UTILITY IS FO, OTHER FORMATS ARE
7 PRODUCED ACCORDING TO SWITCH SETTING.

7 WHEN THE LOADER 15 TRANSFERRED TO A WEWLY FORMATTED DISK BY FORMAT
7 THE BPB EHTRIES ARE UPDATED ACCORDING TO SELECTED FORMAT.

1
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LOADER.

RELOCATE LOADER TO FREE LOW MEXORY FOR SYSTEM
TART:

201E FC (o $SET INCREMEKT
201F B9CRO1 HOV  CX;LOADER_LEMGTH SLENGTH 70 HOVE
2022 BE3320 MOV SI,0FFSET LOADER $START AT LOADER:
2025 BF33E0 nOv  DI,REAL_ADDRESS + (OFFSET LOADER - 2000M) ;DESTINATION
2028 Fand REP  MOVSB FHOVE BYTE STRING
2024 B8OO0OC KOV AX,(REAL_ADDRESS - 2000H)/16
2020 {E PUSH 05 $SAVE DATA SEGHENT
202E 8EDB HOY  D5yAX #ADJUST DS FOR RELOCATED DSEG
2030 E900C0 £033 JUP LOADER + (REAL_ADDRESS - 2000H) $START LOADER
]
LOADER:
2033 26A00022 HoV  AL,EG:FAT $6ET FAT 1D
2037 8AD8 MV BLAL 3 COPY 10 BL
2039 2401 AN AL,OM FTEST DOUBLE DIDEDMESS
2038 7505 2062 KL FO i JUiP IF DOUBLE SIDED
2030 C408F02146 . WOV CONSTR?, 46H FHFN BUT NOT HT
Fo:
2042 420022 NV HEAD,AL jSET HEAD FOR START READING
2045 3401 R ALOM FFLIP HEAD BIT
2047 AZFF2L Hov  CYLHODE, AL FHEAD L = CYLMOE 0
204A FEC3 e Bl $TEST FOR FAT-ID FF
204C 7509 20957 Mz Ft 3 JUMP IF HOT
204E C606FAZ103 MV SECTOR,3 #FF..START AT SIDE 1 10 53
2053 FEOEF621 DEC  SECTRK FSET 8 SECTORS PER’ TRACK
Fi:
2057 BFO026 M0V OI,ES:OFFSET 10 iBEGIN OF ROOT DIRECTORY
2054 FEC3 I BL {TEST FOR FAT-ID FE
205 7509 2067 M R i JUNP IF ROT FE
205E C606FA2108 MoV SECTOR,8 FFE..START AT SIDE 0 T0 88
2063 FEDEF621 DEC  SECTRK $SET 8 SECTORS PER TRACK
F2:
2067 FEC3 I Bt {TEST FOR FAT-1D FD
2069 740A 2075 J F3 3 JUNP IF FD (DEFAULT)
2068 FEC3 e 8L $TEST FOR FAT-ID FC
2060 7509 207 ML R § JUNP IF HOT
204F C704F9210101 MOV WORD PYR TRACK,0101H  ;START AT SIDE 0 T1 61
F3:
2075 BFOD2A F4 MO0V OL,ES:OFFSET IOFCFO  $ROOT OIRECTORY FOR FU AND FC
2078 B90BO0 (LU 13) SLERGTH OF FILENAME IN DIR
2078 BEEO21 BV SI,OFFSET I0SYS $STRING “I0 5Y5°
207E F3RS REPE  CHPSB FCONPARE WHILE EQUAL
2080 750F 209 JHT  BOOT_ERROR $JUtP IF KO 10.5YS FILE ON DISK

i
i
JAT THIS POINT WE KNOW BOTH, 10.SYS AND HSDOS.SYS EXISTS ON THIS DISK
i



LOADER.

7 NE'VE SETUP ALL PARAMETERS REQUIRED BY THE FD PIM TO LOAD
7 THE SYSTEM.

1
#START LOADING HOW m
i
2082 E83800 208D CALL  DREAD FHULTIPLE SECTOR READ ROUTINE C
CHECK IF SYSTEM LOADED SUCCESSFULLY

- ces s

2085 FADSFE21FF TEST  CHTR,OFFH $RETRY COUNTER )0 INDICATES SUCCESS
208A 7405 2091 J BOOT_ERROR $JUP TF HOT 0K

i
FTHE OPERATING SYSTEM HAS BEER LOADED SUCCESSFULLY
SEXIT VIA JUMP FAR TO BIOS ROUTINE (BEGINMIRG OF 10,5YS)

1

208C EA 08 QEAH  FJ0HP FAR
208D 0000 o BIOSOFF ;OFFSET BIOS START
208F 4000 ] BIOSSEG $BIO0S SEGMERT

-

)

c8
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2091 BBCBEL

20904 1F

2095 C4060BF900
207A C70500FB0D17

2040 94
2041 0000
A3 QOFF

2045 E44t

2047 DOEB

2009 T3FA
20AB°C40611F1C3
2080 €70612F 10001
2086 611

2088 E6DD

2084 EPS13F

LOADER.

'
iz ziidtiisiiiiiitiizii e diiziitdiiniiiiiizetls i
,nuuuuumnmmmu;mm;mmuau

i DISPLAY ERROR NESSAGE USING ROM ROUTINE AND
# WAIT FOR KEYSTROKE T0 START OVER AGAIN

Hitizr it it iiizitiiiidsitinisziisszatizatisiis
,H{H!Hil“lﬂllllllllll“llﬂlﬂ"!“!ﬂiﬁmlll!

i
.
i
.
i
B

0OT_ERROR:
MOV BX,OFFSET HOKSYS + (REAL_ADORESS ~ 2000H)
POP 0§ FRESTORE DATA SEGMERT
HOV  INVERS,NORMAL FINVERS VIDED
oV CURSXY, 1700H JLIKE 24 1st COLUMK
i
FCALL DISPLAY ROUTINE VIA IHTERSEGMENT CALL
i
CALLFAR 0B 9AH $CODE FOR INTERSEGHENT CALL
DISPOFF DV D0DOH FOFFSET OF DISPLAY ROUTIHE
DISPSEG OV OFFOOH 7C5 HUST BE SET TO FFOD(GIHEX
i
$DISPLAY ROUTIRE RETURHS HERE VIA INTERSEGMENT RETURN
6MTX:
)] AL(KEYST FTEST FOR KEYSTROKE
SR ALyl FKEYSTROKE SETS BIT 0
JNB RAITX FLOOP UNTIL KEY DEPRESSED

WV JP_CODE,OC3H  §SET 280 JUdP CODE

Hov  JHP_ADD,DAOCH  ;ADDRESS JUMP (BOOT_LOADER IN FW)

0T ROMAL FSWITCR TO ROM

wr - Z80,AL ACTIVATE 780...280 INSTRUCTION POINTER
i SET 70 F1118

JUP - START - REAL_ADDRESS +20008  ;ABSOLUTE 000022018

16 BIT 15005 LOADER STARTED OVER AGAIN

c-9



LOADER,

PR O R R R R R R R RN R
R R RO O O S
R R R R R R R R R

ROUTINE KAME: DREAD
FUNCTION: DREAD - Low level READ DATA
ENTRY VIA: CALL

ENTRY CONDITIONS: Following variables are set:
CYLMODE, HEADy TRACK, SECTOR,
SECCHT (Nusber of sectors),
EXIT VIA: RETURN

EXIT CONDITIONS:  STATUS (returned in ERRBUF)

We we W e W s WP s wn W we we We we ws b we e

PR E R R R R R R R R R R R AR AR AR R RRFERAR
Hido3iotdiitndz etttz diittizitiil dit iiiidiitiszaiiiiisiiliy
Hi2r2sid ittt sttt ittt ittt tiitidieiicisostiticiriteitetisiiiidy
.

—e o -

c-10



SYSTEM TECHNICAL MANUAL

LOADER,
DREAD:
2080 BA1EFé21 hov  BL,SECTRK
2001 FEC3 I BL
2003 2A1EFA21 SUB  BL,SECTOR
2007 AOFF21 Ny AL,CYLMODE
20CA 0AD80022 0R AL HEAD
200E 7504 2004 M 102
2000 021EF621 ADD  BL,SECTRK
102:
2004 3AEFB21 CHP BL,SECCHT
2008 7204 20DE JB 103
20DA 8ALEFB21 KoV BL,SECCHT
103:
200E 2B1EFB21 §UB  SECCHT,BL
20E2 B700 Hov - eu,0
204 AIEB21 MOV AX,SECSIZ
20E7 F7E3 mo
20E9 8800 Hov  DX,AX
20EB COSFE2103 HOV  CNTR(INHER
20F0 E85800 2148 CALL  DSEEX
20F3 A00022 HoY  AL,HEAD
20F6 DOED SHL AL
208 DOEG SiL ALy
20FA A2F121 MOV COMSTR9+1,AL
2070 AGF921 HOV AL, TRACK
2100 A2F221 KOV CONSTR9+2,AL
2103 AGDG22 NV AL,HEAD
2106 A2F321 HOV  COMSTR9+3,AL
2109 AOFA2L nov  AL,SECTOR
2A0C AZF421 HOV  COMSTRO+4,AL
210F EBFEQD 2180 CALL  DMA
2112 B90900 Hov X9
2115 88FO21 nov  BX,OFFSET COMSTR
2118 E86100 2A7¢ CALL  XNAIT
2118 EB6900 2187 CALL  GETBYT
2H1E 7407 v Jz ERROR
2120 F406012200 TEST  ERRBUF,OCOH
2125 M07 2% i EXIT
2127 FEQEFE21 ERROR: DEC  (CNIR
2128 75¢3 2070 NI
2120 €3 REY
EXIT:

APPENDIX C

Check track conflict

}
i
# BL (-- SECTORS PER TRACK +1

BL = res2ining sectors in track

1§ CYLINDER NODE
and HEAD O

then add sectars of corresponding track

Check if sectors fit in track
Jusp if sectors dan’t fit in track

L - nuaber of sectors for 1/0
ECCNT (—— res3ining sectars for next 1/0
0 if sectors fit in track)

[ 2]

.
’
.
!
.
!
.
H
.
!’
]
1
.
!
.
H
.
!
.
'
.
!
.
H
.
?
.
H

SECTOR SIZE

DNA LERGTH
CHIR (= Inner retry counter

First do low level SEEK A TRACK

(-- DRIVE & HEAD
(- TRACK

(-~ HEAD

{~- SECTOR

~e we s we me we == mo we e we we = s we we we

7 Initialize DNA

i Lenath of comeand string

? ; BX points to comsand siring
7 Send COMMAND STRING to FOC

3 Get STATUS BYTES

Test for norsal teraination
E:

i
3 Exit loop if noreal tersination
i

i Decreaent retry counter
i Do retries

.
H
.
H

c-17



LOADER,

212E FEDEFB2IFF TEST
2133 7501 2136 JNZ
2135 €3 RET
1062
2136 0116FC21 ADD
213 FEOGF921 INC
2H3E CADEFA2101 Hov
2143 (404002200 Hov
2148 E9T2FF 2080 Jip

L c12

SECCHT,OFFH
106

DIRADDRyDX
TRACK
SECTOR, 1
HEAD,0
DREAD

Set varishles for next 170 dep. on CYL MODE

L)
]
scheck if another 1/0 is necessary

i Jusp if necessary

# Return if 1/0 cosplete m
1)

3 SET DMA ADDRESS FOR KEXT TRACK/CYLINDER

7 HEXT TRACK OR CYLINDER

7 Set SECTOR to begin of track

7 set HEAD 0
7 READ MEXT TRACK OR CYLIHDER

)
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LOADER,

P R RO
T T L A s e e e s
PR R O O D
ROUTINE HAMES DSEEK

FURCTION: Low level SEEK & TRACK

ENTRY VIA: CALL

ENTRY CONDITIONS: Following variables are sets

DRIVE, HEAD, and TRACK
EXIT V1A RETURK

EXIT CONDITIONS:  SEEK cosplete

—a e tee an ey we we e 0y wa -E s ws

Hiiii iiiititd it ditiniind ittt deditiisiesiniiiliidiitiriiiitidiziziiiy
B EHHDHHEHHERHHBHHRUHHHHE UHHEHHHHEHRUHUBH R RO
FEEHHREREREEEEEGHE OO R EEEE R EREREXXERRERREERLNLENEE

SEEK: + Set up COMMAND STRING
R ——
2148 400022 HoV  AL,READ i
214E DDED SHL ALl }
2130 DDED SHL ALyt H
2132 A2EE21 MOV COMSTR3+1,AL (- ORIVE & HEAD
2155 AOF921 oV AL, TRACK i
2158 A2EF21 nov COMSTR3+2,AL {-~ TRACK
2158 B9030D nov X3 3 Length of coseand string
215E 88ED21 Hov BX,0FFSET CONSTR3
2141 EB1800 27C CALL  XWAIT 5 Send COMMAND STRING to FOC
DSEER1: i
2164 E413 I AL,SYSSTA 3 Vait for interrupt
2146 4808 TEST  AL,08 + Test DISK INTERRUPT BIT
2168 4FA 2164 i DSEEKL 3 jusp if no interrupt
2144 E83C00 2149 (AL FOCROY
214D 8008 nov AL,FDCSIS #Sense interrupt status comnand
216F E851 our DCOMD, AL
2171 EB3500 21409 CALL  FOCRDY
2474 E451 N AL, FOCRA
2176 E83000 2149 CALL  FOCRDY
179 E451 )] AL,FDCRA
278 €3 RET

Cc-13



217¢ E8200
207F 8AD7
2181 E851
2183 43
2184 E2F4
2186 €3

c-14

2149

217¢

LOADER,

FHEHEHE R R R
P R
SRR R O R R R R R

FURCTION:
ENTRY VIA:

EXIT VIA:

- ap e W W we Wk we e e w8 we w8 we WP

ROUTINE HANE: XWAIT

Send CONHAND STRING to FOC
CALL

ENTRY CONDITIONS: CX ~ LENGTH OF STRING

BX - OFFSET OF COMMAND STRING
RETURK

EXIT COMDITIONS:  NOKE

O EROHEE O R R H L
PR R R I R TR NIRRT R
§EEEH E RO R R R L E N R e

.
T
.
’
.
!

YWALT:
CALL
oV
our
N
LooP

FOCRDY § ¥ait until FOC is ready
AL,BYTE PR BXJ; AL {~— next COMMAND STRING byte
DCOND, AL i Send byte to FOC

BX

XWAIT i Loop watil Last byte

- -y
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2187 E413
2189 A804
2188 7418
218D E4S0
218F ABBD
291 1F4
2193 B0O7
2195 E42A
2197 90700
2194 BB0122

219D E451
215F 8807
2L 43
2142 EBD400
2109 E2F4
147 41
21A8 (3

2148

2187

2149
2190

LOADER.

FEEEHE R OO O
e T e e T e T T Lt e T
PR O OO OO
ROUTIKE HAME: GETBYT

FUNCTIOR: Get STATUS BYTES into ERRBUF

ENTRY VIA: CALL

ENTRY CONDITIONS:  HONE

EXIT V1A RETURK

EXIT CONDITIONS:  Z-FLAG SET IF KOT READY

- e ea e s = we wn wE e e we w

Hideeiiiieiiidtiiitiii it tiittritiististiiinintadisidztistiiiizigdiizii]
Hitiiiiiiiieiitititissditiiiiiidisdiititaiido etttz iititiiiisiiiititziil]
Hii3iiiiiiiitiittiiiieiiisiiiiitistitiseizisispiiisssidtlziitttiiiizigsiisis]

i
i
i
@

ETBYT: i
N AL, SYSSTA
TEST  AL,D#
J XE 3 EXIT IF K0T READY
I AL, DSTAT
TEST  AL,B0H
J GETBYT 7 LOOP IF NO MASTER REQUEST
NV AL, O7H 3 DISABLE FDC CHAMMEL
0UT  DHANB,AL
v oX,07 3 CX {— Length of ERROR BUFFER
MOV BX,OFFSET ERRBUF; BX (-~ Addr of ERROR BUFFER
GETBYT12 H
I AL,FDCRA } Read STATUS BYTE froa FDC
NV BYTE PTR [BX1,AL; into ERROR BUFFER
I BX i
CALL  FOCROY 7 Vait uatit FOC is ready
L00P  GEYBYT1 i Loop until last byte (7 tiaes)
m o 1 SET MON ZERD
XE: RET

c-15



2149 E450
21AB AS80
214D 74FA

214F 3

c-16

2147

LOADER,

$EEEEEHHE RO R R LR R
!

FHEHEHHEHHHHRHHEHEHRHHRBHHEHHHHEHHHHHHRHHH HEHEHBHHEHHEHHR R O N
FHEHHEHEE O B R O R R R R R RN R

ROUTINE MAME: FDCRDY

FUNCTION: ¥ait until FOC is ready
ENTRY VIA: CALL

ENTRY CORDITIONS:  NORE

EXIT VIA: RETURM

EXIT CONDITIONS:  HOME

et e ws es WE we WE we W we 4P ws wE

Rigidziizdiottezidz itttz iiisitipdtitiotisiidisiitseidrtiesiriisziitiisi]
}l!!ll!illlil{illl*lI!!lll!lll{lil*lil!il{llil{lll!ll{!{l{l!!il*i*ll!!ill!l*lil
Btttz ey ittiosd ittt ittt iitiiiis it idiiriiiiitaitiiziiiitiizizsssy

i
i
FDCRDY: i
L} AL, DSTAT § AL (— NAIN STATUS REGISTER
TEST AL, 80H 3 Test MASTER REQUEST BIT
J FDCRDY § Jusp if no MASTER REAUEST (means: in execution)
i
RET i Return if FOC is ready



TN

SYSTEM TECHNICAL MANUAL

LOADER,

Hii20 a2 iiicddtiatiotistitiittecoititadezisiitisiitiidididindisist]
SRR RO OO
Hitde it idiitittddc e ziiitdgdidiitanssttiziiiisiidindedzittriititifsss]

= e wa = e we W wE wE ee ws s wE

ROUTIKE HAME: onA

(FOC TO MEMORY)

FUNCTION: DHA write
ENTRY VIA: CALL

ENTRY CONDITIONS: DX - DMA LENGTH
EXIT VIA: RETURM

EXIT COKOITIONS:  none

FHEEBHEERE O EHEHE R R R EEE R R AR E
FEHEHHBHHREHHHHEHOHBHEHHEEHRHH R R R R RGO
Hididiiide it itiiiidiiiiistiittitiistiiieitziiziiiidzitiiisziiziisiiiisi]

i

i

i

DA
2180 BOA7 Hov
2182 £628 ot
2184 ALFC21 Hov
2187 E824 . our
2189 BAC4 fov
21BB £826 out
218D 882 Hov
21BF 48 DEC
2100 E&27 our
2102 8AC4 Hov
2004 £ our
2106 8003 tov
2108 E424 our
210A €3 RET

-

ALyDHANRT ’
DMAHO, AL 7 0UT HODE
y
AX,DHARDDR 7 ABSOLUTE ADDRESS
C0AD, AL i OUT DA ADDR LOW
ALyAH i
C0AD, AL i OUT OHA AOOR high
Xy DX i A% (- DNA LENGTH
ax ; DHA LENGTH-1
COTC,AL 7 OUT DMA LERGTH lov
LA i
COTC, AL 3 OUT DA LERGTH high
f
AL, 03 i
OHAMB, AL 7 Enable FOC CHANNEL
1
i

APPENDIX C
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2108

2108 144E4FAE2053
797374656020
6469734B203C
AINE

210 494F20202020
2020935953

21EB 0002

21ED DFO000

2FD G4

21F1 00000000

21F5 02

21F6 09

2F7 18

21F8 FF

21F9 00
21FA 04
21FB 50
21FC 0004
01¢8
2FE
20FF
200

2201

2200
2600
2400

C-18

LOADER,

i
FEEH R R R R R

—o = s an

DATA AREA

HEHHBHHEHHEHHHHHHEH R

FEEHR R R R R I
§ R AR R

i

DATA  EQU
DSEG
0RG

¥
HONSYS DB

10515 08

SECSIZ DN
CONSTR3 DB
COMSTR? DB
0B
08
SECTRK DB
08
1]

14

TRACK 0B
SECTOR DB
SECCNT DB
DHAADDR DV

’
LOADER_LEKGTH

¥

CNTR  RB
CYLHODE RB
HEAD  RB

1
ERRBUF  R8

—. cae -

0RG
FAT R

0RG
10 R8

0RG

I0FCFD BB

H

OFFSET §
DATA

20 'Hon-Systea disk (CR)’

'18 5Y5*

512
SEEKTRK, 050
OCSH
0,8,9,0

2

9
GPL
OFFH

1}

4
80
400H

#9512 BYTES/SECTOR
FORIVE & HEAD, TRACK
FREADDAT & DENSITY & MULTTRK

$912 BYTES/SECTOR
$SECTORS/TRACK

FPRESET TRACK ZERD

SOEFAULT DOUBLE SIDED

iLOAD 80 SECTORS (40 kbytes)
iBI0S TO START AT ABSOLUTE 400

EQY  OFFSET $ - OFFSET LDADER

1
1
1
7

22004
1
2600H

2A00H
32

SRETRY COUNTER
# 0 = CYLINDER HODE, 1 = nan CYLINDER MODE
i HEAD NUMBER

3 STATUS BYTES STRING (for errors)
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SYSTEM TECHNICAL MANUAL

F1il
F112

F800
F908

LOADER

oF1L

(F800H
0F908H
1

OFEQSH

APPENDIX C

Cc-19



BASIHIT

= 2000
= 0200
= 0011
= 0010
= 000D
= DO0A
= 0040
= 1000
= FEDS

= OFF7

c-20

1/0 systen for Version 2.x of NSDOS.

$This HODULE designed to be linked with the SYSIKIT modute provided by

iicrosoft

BIOSIZ EQU 11284
BIOSIZS EQY  (BIOSIZ#15)/14

ROH  EQU 1
RAM  EQU 10
R £y 00
LF EQY  OAH

BIOSSEG EQU  D4DH
BAKK_PAR EQU  1000H
HEH_SIZ_ID EQU OFEQSH

FUVER EQU  OFF7H

§S1ZE OF BIOS IN BYTES
$Size of BIOS in Paragraphs.
$PORT SWITCH T0 ROM

$PORT SWITCH TO RAM

3170 systen segaent.

Paragraphs per bank,

jAbsalute address where firsware passes
i sesory size I0.

LOACATION OF FIRMUWARE VERSION NMESSAGE
i 1st BYTE IS LENGTH

3Things needed to comaunicate with SYSINIT

EXTRN  SYSINIT:FAR

iThe entry point of SYSINIT

EXTRH  CURRENT_DOS_LOCATION:NORD  sWhere the DOS is when SYSIRIT called

EXTRN  FINAL 00S_LOCATION:KORD
EXTRN  DEVICE_LIST=DNORD

EXTRN  HEMORY_SIZE:WORD

EXTRN  DEFAULT_DRIVE:BYTE
EXTRN  BUFFERS:BYIE

EXTRN  DEVSTART:REAR
EXTRN  DREND:HEAR

EXTRH  QUTCTR:HEAR
EXTRN  ED:HEAR

EXTRR  FLOPPY_DRIVES:BYIE
EXTRN  DRVHAX:BYTE
EXTRN  READ_FW_VER:FAR
EXTRN  MOHO_COLOR:BYTE
EXTRH 129 _HANDLER:NEAR
EXTRN  INT_TRAP:KEAR
EXTRH  CHTRAHS:WORD
EXTRR  CHRTRN:NEAR

PUBLIC HVINIT
PUBLIC FIRM_MESS

sMhere I want SYSINIT fo put the DOS
iPointer ta the DEVICE list.

i9ize in paragraphs of Physical mesory,
iDefault Drive to use when systea booted
jNuaber of default buffers.

§ Leave as is and SYSIMIT uses only 2.

O
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BASIRIT
H
i
0000 (SEG  SEGMENT PUBLIC 'CODE’
ASSUNE  C52CSEG,DS4CSEG, S5:CSER,ES:CSER
i
+ Overlayed by HS005 by SYSINIT,
i
oeap 81 07 00 RELEASE_ID 08 O1H,07H, 004
§
0003 WRKSTK LABEL  WORD
0003 44 1] 100 0UP () $STACK FOR INITIALIZATION
7
b]
3 HCR SIGHON MESSAGE
H
0087 0073 HESS_LEN W 50_EHD - OFFSET SIGNOM_NMESSAGE
i
H
0069 4D 53 20 44 ¢F 53 SIGNON_MESSAGE 0B 'HS-DOS for NCR DECISION MATE V',{R.LF

20 86 &F 72 20 4E
435220 44 45 43
49 T3 49 4F4E 20
4D 41 54 45 20 56
00 0a
0089 30 30 30 30 20 &8 SIZ_MESS bl '0000 kbytes nesory’ (R.LF
827975 6573 20
60 45 4D &F 72 79
0o 04
0090 44 30 36 36 20 30 08 'DOD4-0052-0300" /(R LF
303832203033
30 30 0D 04
00AD 53 65 72 49 41 6C 08 'Serial nusber '
20 68 75 6D 82 45
nu
0088 30 30 39 30 30 30 SERTAL_NR 08 '0GO00G’ y(RWLF
0D 0A
0003 464 49 72 4D 77 61 08 'Firavare versions’
7265207 6572
73 49 6F &€ 34

00D¢ 3G 4D ZE 30 30 2 FIRN_NESS il ' 100,00’
30 30

= f0nc §0_END Bl OFFSET ¢

1

i NEMORY SIZE TABLE

'
006¢ 20 20 36 3¢ SI7.TBL ok B 1S
00EG 20 31 32 38 0B v
00E4 20 31 39 32 08 T 92
Q0ES 20 37 33 36 e ' 25
Q0E¢ 20 33 32 30 i 3
00F0 20 33 38 3¢ i3 ' 3e
00F4 20 3% 3¢ 32 i 'kt
00Fg 20 35 31 32 i3 P51
00FC 20 35 37 36 08 ey
0100 20 36 34 30 i3 ©hs
0104 20 37 30 34 0e T
0108 20 37 38 36 08 Ty
010¢ 20 38 33 32 0B 'Y
0110 20 38 3% 36 08 808’
0114 20 39 36 30 ] ' 960°
0118 3130 32 A Il 1024
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011C
i
011E
0120
0122

0124
0125
0129
0124
0128
0120
0130
D133
0136

0138
0138
013F
014t
0143
0145

018
0148

D14E
D14F
0151
0152
0155
0157
0157
015A
0150
0160
0163

0168
0169
016C
O16F
ot
0173
0175
0176
0177
0174
017c
D17F

c-22

33 B
8 00
8E 0D
8E 5

F¢
€7 07 0000 E

BB 00A4

(7 07 0000 E
8t (8

8 00

8E D8

BC 0065 R

BB FEOS
2%: 84 07

50

FE (0

78

B8 1000
F1 E3

88 08

93

40 000D E
#2 0000 £
E8 0000 E
94 0000 —~— E

BE 000C R
03 FQ

BF 0089 R
B9 0004

HINIT:
XOR  BPEP
mV  BXBP 78X = 2ER0
NV 05,80 106 = 7ERD
MV ES,BP {ES = ZERO

1

7 INITIALIZE ALL INTERRUPTS TO ADDRESS TRAP

1]
(w
MOV WORD PTR [BXI,0FFSET INT_TRAP
M B
e BX
NV VORD PIR [BX),CS
NV DI
nv s,
v Cxs10

REP  MOVSW FALL 256 INTERRUPT VECTORS SET 10
3 INT_TRAP HOW

MOV BX,0DAAH FINT 29 VECTOR ADDRESS
MOV WORD PIR [BX1,OFFSET 129_HANDLER ;INITIALIZE INT 29
NV AKCS
MY SSiAK 155 = (5
MOV DSHAX 305 = ¢
MOV SP,OFFSET WRKSTK98  §INITIALIZE STACK POINTER

Calculate mesory size in paragraphs from ID passed by firsware
at absolute address FEDS hex.

KoV BX,MEH_S12_ID
HOV  AL,BYTE PTR ES:[BX] ;AL = MEMORY SIZE ID
' 300 = &4k, 01 = 128k, -02 = 192

303 = 256k,
PUSH  AX $SAVE NEHORY SIZE 10
INC AL jIncresent for calculation.
%! iByte AL -=) Yord AX
Hov BX,BANK_PAR $BX = Paragraphs per bank,
L BX 7hX = Total nemory size in paragraphs.
Hov BX,AX } needed in B8X.
PUSK B §SAVE NEMORY SIZE (PARAGRAPHS)

X .
HOV  AL,BYTE PTR FLOFPY_DRIVES
"oV BYTE PTR DRUMAX,AL HUNBER OF FLOPPY DRIVES
ALl ED FCLEAR SCREEN
CALL  READ_FW_VER iREAD FIRMUARE VERSION MESSAGE

'

i BUILD SIGHON MESSAGE

i

]

Hov  BX,HEH_SIZ_ID

MOV AL,BYTE PTR ES:[BX]

Hov  ARGD

SHL ALt

SHL ALyt

PUSH €S

PoP  ES jE§ = (5 = DS
mov  51,0FFSET 512_TBL

ADD  SI,AX

MoV DI,OFFSET S1Z_MESS

Hov ke

O
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BASINIT
0182 F3/ M4 REP HOVSB

!

i

’
0184 BE 2000 nov
0187 BB OBB R Hov
018A B9 0003 Hov
018D USER _HXT:
0180 8 04 Hov
018F 50 PUSH
0190 24 FO ARD
0192 D0 £8 SHR
0194 00 E8 SHR
0196 00 E8 SHk
0198 00 E8 SHR
0194 08 07 0R
019¢ 38 PoP
0190 24 OF ARD
019F 43 INC
01/0 08 07 0R
01A2 46 INC
013 43 I
01A¢ €2 E7 LooP
D1A8 BE D09 R Hov
0149 8B OF 0047 R Hov
01AD AC KEXTCH: LODS
D1AE 31 PUSH
01AF EB 0000 E CALL
0182 §9 PoP
0183 E2 F8 LOOP
0iB3 €7 04 0000 E 0000 E Hov

[ U —

0188 4D 0005 R Hov
0BE A2 0000 E Hov
0t B8 ---- £ nov
01C4 8E DB fov

ASSUNE
D1C6 8C (B Hov
018 05 D20 ADD
01CB A3 0000 E Hov
0ICE 8C (B ©HOV
0100 B8 0000 E Hov
0103 05 000F ADD
0106 B1 04 Hov
0108 03 E8 - SHR
010 03 C3 40D
010C 43 0000 E Hov
010F 5B PP
01€0 89 1E 0000 E oy
03E4 BC (B 1oV
01E4 A3 0002 E Hov
QIE? C7 04 000D E 0000 E tov
O1EF EA 0000 ~-—- E Jip
01F4 ‘ (SE6  EMDS

EXD

APPENDIX C

SI,BIOSIZ + 100K
BX,OFFSET SERTAL MR
X3

AL,BYTE PTR (511
AX

AL, OFOH

ALyl

ALy1

ALyl

ALy 1

BYTE PTR [BXJ,AL
X

ALy OFH

BX

BYTE PR [BX],AL

SI

BX

USER_HXT

SI,0FFSET SIGHOH HESSAGE
CX,NORD PTR MESS_LEN
BYTE FIR [51]

HEXTCH
CHIRAKS,OFFSET CHRTRH  § #l¥

SIGNON MESSAGE DISPLAYED HOW .. WILL BE FOLLOWED BY MICROSOFT'S HESSAGE

SET CRT PARAHETERS

AL,BYTE PTR FIRM_MESS+1
BYTE PTR NONO_COLOR,AL
MXSEG SYSINIT

DS4AX

D5:5EG SYSIHIT

A%, (S

AX,BI0S1Z8

DS*LCURRENT _DOS_LOCATION3,AX
BX,(S
AX,0FFSET DREND
X, 15

CLyé

A%, (L

AXyBX
DS:LFINAL_DOS_LOCATION], AX
BX RESTORE MEMORY SIZE (PARAGRAPHS)

i (OFFSET DREND+13)/16

D5:LHEMGRY_SIZE,BX
AX,y (S .

WORD PTR DS:LDEVICE_LIST+2),AX

KORD PTR D§SDEVICE_LIST,OFFSET DEVSTART
SYSINIT
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BASINIT

Segments and groups:

CSEG o .

Syabals:

BANK_PAR
BIOSIZ ,

BIOSSEG.
BUFFERS.
CHRTRH .
CHTRANS. .
[

CURRENT_DOS _L

BIOSIZS. . . .

DEFAULT_DRIVE,
DEVICE LIST. .
DEVSTART . . .
DREMD. . . . .
DRVIAX . . . .

B....

FINAL_DOS_LOCATEON

FIRM_MESS. .
FLOPPY_DRIVES.

FNVER . «
HWIKIT . .

129_HANDLER.

INT_TRAP .

Fo.one
HEMORY _SIZE.

HEW_S1Z_1D
HESS _LEN .
1OKO_COLOR
NEXTCH . .
OUTCTR . .
RA, o o s

.

READ_FU_VER.

RELEASE_ID

Hane

Kame

QCATION

ROM. o0 0w

SERIAL KR,

S1GRON_NESSAGE

SIZ_HESS .

SO_END .
SYSIKIT, .
USER_MXT
WRKSTK . .
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e » e 2 a2 & =« & = & o & o

" e 2 a a = s » 8 = &

a e ¢ & ° » & » a m® & s e a2 e & = & = & = & @

Size

D1F4

Type

Huaber
Huaber
Rugber
Nuaber
V BYTE
L HEAR
V WORD
Hunber
v NORD
V BYIE

align

PARA

Value

1000
2000
0200
0040
0000
0000
0000
0000
0000
0060

\ DNORD 0000

L NEAR
L HEAR
vV BYTE
L NEAR
V WORD
L BYIE
V BYTE
Rusber
L NEAR
L HEAR
L HEAR
Huaber
v NORD
Huaber
L RORD
V BYTE
L HEAR
L HEAR
Nusher
L FAR

L BYTE
Husber
L BYTE
L BYTE
L BYTE
L BYTE
Kunber
L FAR

L HEAR
L HORD

000
0000
0coo
0000
0000
004
0000
OFE7
011¢
ooon
0000
0004
oooe
FEDS
0047
0000
018D
0000
0810
0000
0000
0011
0088
0069
0089
ot
000¢
0oo0
0180
aop3

cosbine class

PUBLIC

Attr

CSEG

(5EG

C5EG
(SEG

C5EG

(SEG
CSEG
(SEG
C5EG
(SEG

CSEG
CSEG

'CODE’

External
External
External

External
External
External
Externat
External
External
External
External
lobal

External

Glabal
External
External

External

External
External

External

External



SYSTEM TECHNICAL MANUAL APPENDIX C

PROCEDURE 10 READ FIRMWARE VERSION

= 0011 RO EQ 1M
= 0010 RAN  EQU MOH
= OFF7 FRVER EQU  OFFR

EXTRK  FIRN_MESS:BYTE
PUBLIC READ_FU_VER

0000 FNSEG  SEGNENT °FRCODE’
ASSUME  CSRFNSEG,D5:FUSEG, ESSFNSEG,SS:FUSER

3 ENTER WITH DS:40H, ES:O0H

0000 READ_FU_VER PROC FAR
000 RD_F¥_VER:
000D E6 11 0T ROMAL FSWITCH IN ROM
0002 BB OFF7 oV BX,FW_VER 3POINTER TO RON LOCATION WHERE
FFIRMUARE VERSION IS DEFINED
0005 26 A OF nov  CL,BYTE PTR ES:{BXY  §FIRST BYTE IS LENGTH OF STRING
0008 85 00 nov a0 CX = LENGTH IN BYTES
000A 80 F9 08 P 1,084 FTEST FOR NO FIRMWARE MESSAGE
000D 75 OC JL HO_TRANS i JUNP IF KO NESSAGE
000F  BE 000D £ 10V SL,OFFSEY FIRNMESS  FIELD IN SIGHOR NESSAGE
0012 43 Fi: N BX iHOVE SOURCE POIRTER
0013 26: BA 07 MOV AL,BYTE PTR ES:[BX]
0016 88 04 nov  BYIE PIR ISI,AL
0018 46 LIS SHOVE DESTIRATIOR POINTER
0019 £2 F7 Lo Fi $LO0P TILL DONE (CX = 0D
0018 HO_TRANS:
0018 E6 10 OUT  RAM,AL FSWITCH BACK TO RaN
o010 CB RET
001E READ_FN_VER EKDP
0D1E ' FUSEG  ENDS
END
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PROCEDURE T0 READ FIRMVARE VERSION

Seaents and grovpst

FNSEG. « « «

Syabolst

FUVER . ..

READ_FW_VER.
A

Cc-26

CRCEC RN

D

.

Size

001E

Type

L HEAR
v BYIE
Ruaber
L HEAR
Huaber
L NEAR
F PROC
Nuaber

alagh

Value

0012
o000

0018
0010
0000
0000
ool

coabine class

ROKE  'FROODE’
\

Attr

FNSEG
External

FWSEG

FUSEG
FUSEG  Global Length =GOIE



SYSTEM TECHNICAL MANUAL APPENDIX C

10.5YS

= 0040

0000

0000
0000 E9 0000 E

i 1/0 systen for Version 2,x of HSDOS.

3This aodule designed to be tinked with KBD-DRV, DSKDRV, BASINIT, FNVERRD
sand the modules SYSIKIT and SYSIMES provided by Microsoft

BIOSSEG EQU  40H FSEGHENT OF BIOS

PUBLIC RE_IRIT FSYSINIT CALLS THIS ENTRY AFTER DEVICE
§ INSTALLATION

PUBLIC ERROR_O,ERROR_1,ERROR 2, ERROR _3,ERROR _44ERROR_3

PUBLIC ERROR_6,ERROR_7,ERROR_8,ERROR_9,ERROR_10,ERROR_11

PUBLIC ERROR_12,BUS_EXIY,ERR_EXIT,EXIT,EXIT1,

PUBLIC OUTCTR,DEVSTART,PTRSAV,DRVHAX,FLOPPY_DRIVES,FL_OUT_RETRIES

PUBLIC FL_IN_RETRIES,ED,MOK0_COLOR

PUBLIC kbd_tt,functbl,clear_1,clear_2,dec_sign_l,dec_sign_2

PUBLIC  129_HANDLER, IKT_TRAP,CHTRAHS, CHRTRN,FLTAB

EXTRN HWINIT:KEAR
EXTRR key_init:NEAR
EXTRN key_in:NEAR
EXTRN key_nd_intKEAR
EXTR key_st:HEAR
EXTRN key_in_fLSNEAR
EXTRR kbd_out:NEAR
EXTRH LanguagesBYTE
EXTRN def_funtNEAR
EXTRR DSK_INT:HEAR
EXTRR flag_buf:BYTE
EXTR rexnusWORD
EXTRM funcoff:NORD

CSEG  SEGMEMT PUBLIC 'CODE’
ASSUME  €5:C5EG,D5:C5EG, ES2CSEG, S5:CSEG
0RG 0 3Starts at an offset of zero,

INIT:  JMP KWINIT $PASS PARARETERS TO SYSINIT AHD ACTIVATE
i SYSTEM INITIALIZATION (HWINIT)
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10.5YS

SYSTEN DEFINITION AREA AT ABSOLUTE ADDRESS 403H

as wa we wp we

0003 0265 R CRT_SB_FUNCT  DW OFFSET CTABLEN fTABLE OF SINGLE BYTE CRT CONTROL
0005 023D R ARSI ESC.SEQ DM OFFSET CHDYABL ;iggglggsﬁﬁm ESCAPE SEQUENCES
0007 0284 R CRT_TR_TABLE DN OFFSET CRTTBL  ;CRT TRANSLATION TABLE

0009 0285 R NOH_ANSI ESC M OFFSEY EVBLEHT 5TABLE OF MOM ANSI ESCAPE SERUENCES
0008 0210 R KEYBOARD_TBL DN OFFSET kbd_tt  ;KEYBOARD TRANSLATION TABLE

000D 000D KEYBFUNC_TBL ~ DW OFFSET functbl FTABLE OF FUNCTIOR KEY ASSIGHMENTS
00ar 0000 ow 0 1SPARE

001t 0000 FLTAB w 0 FLEX MEDIA CHANGE BYTES  #7%

jlst BYTE - UNIT 0
§2nd BYTE - URIT {

0013 02 FLOPPY_DRIVES DB 2 FDEFAULTS TO 2
0014 05 FL_OUT_RETRIES DB 3 SDEFAULYS TD §
0015 05 FL_IN_RETRIES DB 3 FDEFAULTS T0 §
i
0016 o0 WINCH_ORIVES DB 0 DEFAULTS T0 0
0017 0% NI_OUT_RETRIES DB 3 . FDEFAULTS T0 5
0018 05 BI_IN RETRIES DB ] FDEFAULTS TO 3
i
0019 50 PRINTER_IF _TYPE DB P! FDEFAULTS TO PARALLEL (°P')
FOR SERTAL EMTER (’S")
i
oot 79 111R5232 0B 98 FDEFAULT:
} 1 STOP BIT
i EVEN PARITY AND ENABLEG
i 7 BITS PER CHARACTER
i ASYNCHRONOUS
0018 3E N2R6232 08 3EH FDEFAULT:
t INTERNAL CLOCKS
i 9400 BAUD
001¢ 00 PURS232 DB 0 FZERD....OHE PROTOCOL DMLY
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SYSTEM TECHNICAL MANUAL

10.5Y8

= 0200

= 0010
0010 03
ODIE 46 31
= 0003

0020 03
0021 46 32
= 0003

0023 03
0024 46 33
= 0003

0026 03
0027 46 34
= 0003

0029 03
0024 46 35
= 1003

002¢ 03
0020 46 36
= 0003

002F 03
0030 46 37
= 0003

0032 03
0033 46 38
= 0003

0035 03
0036 46 39
= 0003

0038 04
0037 46 31 30
= 0004

003C D¢
0030 463131
= 0004

0040 04
0041 463132

X
i
pi4
¥
33

e e wa ws s we we we o we tes

1

funclen equ

functbl =
funt

teni

-

fun2
ten2
fun3
lend
funé
Lent

-e

fund
Lend

fund
Lend

fun?
Len?

—-.

fund
Lend

-.

fun?
Len?

-

funi0
leni0

funil
lenil

funi2

512
funl
db
db

db
db
db
db

db
db
b
db

db
db

db
db
db
db

dh
db

db
db

db
db

db
db

APPENDIX C

FEEREREEREREREREEEE R ERE RN ERR AR ARE
FHHERXHOHEEHHHHE RO R EXR OO RN

¥X¥

FUNCTIOHN KEY e

¥

DEFINITIONS H
1]

FEHHEHEHBHHHEEHH O HHHOHHHEOHHEOHH R
EEXRRERERRERERRERRRRERRERRIELRREEEERERXRTRERRRERNE

im3x, length of function table

tent i first function length
F1° 3 first function content
$-funt 7 length set

Len2
"Fpr
$-fun2

len3
“F3*
$-fun3

Lend
“F4*
$-funé

lend
“F5
$-fund

Lend
“Fé"
$-fund

ten?
“F7*
$-fun?

Lend
“Fg*
$~-fun8

ten?
“Fy-
$-fund
lenil

“F10°
$-fun10
Llenil
“F11”
$-funil

Leni2
“Fi2°

c-29



10.5Y8

= D004

004e 04
0045 463133
= 0004

0048 04
0049 46 31 34
= 0004

004C 0%
004D 46 31 35
= 0004

0050 D%
0051 46 31 36
= 00U%

05¢ 0%
0055 46 31 37
= 0004

0058 04
0059 46 31 38
= 0004

005C 0%
005D 46 31 39
= D004

0060 04
0061 46 32 30
= 0004

= 0189

0064 0189 €
00

C-30

-

-.

-

len12
fun13
Len13
funl4
lenit
funid
Lenl5
funlé
lenlt
fun17
lent?
funi8
leng
funl9
teni?
fun20
ten20

db
db

db
db

db
db

db
db
db
db

funfill =

db

$-funi2

leni3
Fi3°
$-funil3

leni4
F14°
$-funi4

lenl§
F15°
$~funis

Lenté
F16”
$~funlé

Lent?
F17”
$~funl7

lent8
“F18°
$-fun 18

len9
“F19”
$-funl9

Len20
“F20°
$-fun20

funclen-($-functhl)
1% dup (0D)

fill rest of function table with zero

RRREE R R AR SRR R
MY funfill = 1h%h !0 L
AR R TR B IR R R R R

¥R

functbl

end



SYSTEM TECHNICAL MANUAL

10.5YS

= 0200

= 0010

001D 03
ODIE 46 31
= 0003

0020 83
0021 46 32
= 0003

0023 03
0024 46 33
= 0003

0026 03
—_ 0027 46 H#
= 0003

0029 03
0020 46 35
= 1003

0a2¢ 03
002D 46 36
= 0003

002F 03
0030 46 37
= 0003

0032 03
0033 46 38
= 0003

0035 03
0036 46 39
= 0003

0038 04
0039 46 31 30
= 0004

003C 04
0030 46 31 3t
= 0004

0040 04
0041 4631 32

22
¥
E234
¥
EHE

- wE e e e wn s —h o - - "

funclen equ
functhl =
funt

Lend

fun2

Len2

fund
Len3

funé

Lené

fund
lend
funb
Lend
fun?
Len?

fund

Len8

-

fun?
Len?

-,

funi
Leni

funil
Lendl
funl2

512
funi
db
db

db
db

db
db

db
b
db
db

db
db

db
db

db
db
db
db

db
db
db
b

db
db

FURCTION

APPENDIX C

FHOOEEEREEERE R FEREERNTHEEREROERERIEERRRERERRRAXRNE
OB RO RN KRR

Xk

KEY E
1133

DEFINITIOMNS 11

leni
T
$-funi

ten2
“Fp
$-fun2

lea3
“F3*
$~fun3

tend
“F4*
$~funé

Lend
“F5-
$~funl

Lend
4"
$~funé

Len?
F7°
$~fun?

Len8
“Fg*
$-fund

Len?
“Fy°
$-fun9

Len10
“F10°
$-funil

lenit
Fi1”
$-funil

Len12
“F12°

b4

FHHOEE R RO RO R KRR
FREREEEERERRERER XXX ERREERELREERRELRREXREARERRX SRR

max, length of function table
first function length

i
i first function content
i length set
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= 0004

0044 04
0045 46 31 33
= 0004

0048 04
0049 46 31 3%
= 0004

004C 04
004D 44 31 3
= 0004

0as0 04
0051 46 31 36
= 00us

0054 0%
D055 46 31 37
= 0004

0058 04
0059 463138
= 000¢

005C 04
005D 46 31 39
= 0004

0060 04
0061 44 32 30
= 0004

= D189

0084 D189 L
00

C-30

-

-

.
¥

lenl2
funi3
len13
fun4
tenls
fun1§
len1s
funlé
tenl
funi?
leni?
funi8
lentd
funly
lenl?
fun20
Len20

db
db

db
db

db
db

dh
db

db
db

db
db

db
db

db
db

funfill =
db

$~fun12
leni3

"F13°
$-funl3 (T’—\i)
lenl4 '

“F14”
$-funté

lent5
F1y
$~funls

lenté
“F18°
$-funlé

len17
“F17°
$-funl?

leni8
“F18°
$-funts

Lleni?

F19° .
$-funl? (\“:)
len2d

F20°
$=-fun20

functen-{$-functbl)
1b%h  dep (0D

fill rest of function table with zero

LR B s e E e S
Y funfill = th%h 1t ez
e e T s T

Hi

functhl

end

)



SYSTEM TECHNICAL MANUAL

10.5Y§

H

y
0210 00 kbd_tt db
021E 7 db
021F 13 b
0220 18 db
0221 05 db
02 N i
0223 18 clear_{ db
0224 07
0225 o (1]
0226 o db
0un x dec_sign.l db
0228 08 d
0229 o [1]
0224 €0 db
0228 OF db
022¢ of db

)
0220 10 db
0226 17 db
0% 13 db
0230 18 db
0231 05 db
0232 04 db
0233 18 . clear2 db
023¢ 17 db
0335 0 db
0235 19 4]
023 2 dec_sign 2 db
0238 08 db
023 It db
0234 10 db
0238 1E db
023C IF db

00k

13h
18h

0dh
18h
07h
0dh
0%
2ch
08h
Och

Och
0fh

10h
17h
13n
18h
05k
04h
18h
Y

0dh
1%h
2ch
08h
ich
1dh
feh
1th

s e s wwe e we ws Wy we w4 s s =e ws wo o

~0 0 ~0 20 O QO ~0 ~Q =0 0 O ~0 *C 0 0 @

OO0 N PN RRNR RS
=

NS

B o.M S W 003~ Ol

SN AN Do C®™NCA RGN —=S

EXEEIEmTITTEITETCTETTTETINE X T ETTTTTTTT

APPENDIX €

cursor teft

cursor down

cursor up

cursor right

clear line (rubout) ¥hk

carrige return

consa (m3y be changed by KBO_IKIT routine)
backspace

cursor left

cursor down

cursor up

cursor right

clear line {rubout) e

carrige return

conna (aay he changed by KBO_INIT routine?
backspace
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10,575

1
i ANST ESCAPE SEQUENCES
]
0 4 COTABL 0B A’ iCursor w. esc®y Tyd " m
023E 094D R Dy cuy .
0240 42 DB B’ jCursor down, “esc”y["y%,"B”
0241 0951 R b} cuo
0243 43 0B ¢ iCursor foruard. “esc”)"("v#,"C"
0244 0955 R o CUF
0246 44 0B 'y jCurser back. “esc”y“["y¥%yD*
0247 0959 R oM cup
0249 48 ] W iDirect cursor posit. “esc”y L yxsys "H"
024h 0B6B R ] tup
024C 4A 08 ' jErase, “esc”, [ "ycode,“J”
024D 0B79 R DY ED
0A4F 4B 0B 'K’ jErase in line, “esc”,"[“ycode, K"
0250 0BBA R '} EL
0252 46 ] ' iDirect cursor posit. “esc”y“[“yxyy,°f"
0253 0B&B R oy cup
0255 6 0B a’ iSpecial video sode, “esc”y"["ycode,"n”
0256 0891 R It S6R
0238 73 1] ‘g’ i9ave cursor posit. “esc®y (%35
0259 0CS0 R Dy PSCP
0298 75 08 u! jHove cursor to saved. “esc”, ‘(") "u"
025C 057 R i} PRCP
0256 70 08 'p! iDefine Function Key
025F 0CSh R u DEFFR 1oesc”y"y0,FHy “string™ycry “string”.."p” -
iDisable Function Key extensian Q
$esc"s Ty 0,0
jEnable Function Rey extension
i"esc”y L7y0,99%p"
0261 4E 0B n’ sCursor position report
0262 DCBE R Lt} XDSR joescty Ly 6%y 0
0264 00 ] 00 iEnd of table,
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SYSTEM TECHNICAL MANUAL

10.5Y§

0269
0267
0248
0264
0268
026D
026E
0210
0271
0273
027¢
0276
0277
0279
0274
027¢
0270
027F
0280

0282
0283
0284

0%0F R

01
04
0o

APPENDIX C
i
i
+ CONTBL SINGLE BYTE CRT CORTROL FURCTIONS
i
CTABLEH D ) jHUMBER OF TABLE ENTRIES
COHTBL DB i}
N BELL  jRING THE BELL
08 08H
o BACKSP HON DESTRUCTIVE BACKNARD SPACE
0B OAH
DN LINEFD ;LINE FEED
0B 0BH
L} RLF JREVERSE LINE FEED
0B OCH
w NDFS  iNON DESTRUCTIVE FORWARD SPACE
I 0DR
N CARRET  ;CARRTAGE RETURN
08 170
w EL JERASE T0 END OF LIRE
3] i
DN ED F(LEAR SCREER
0B AEH
0¥ VHOHE  SHOHE CURSOR
i
; EAN INTERNAL RELEASE ID ¥
0B DI SISSUE
0B 0% §5UB-ISSUE
08 00K SPATCH LEVEL

i PLACED HERE AS CONFIG COPIES UP TO ADDRESS 27FH
THIS RELEASE 10 MUST HOT BE COPIED BY COKFIG
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10,8Y5

0285
0287
0288
0284
0288
023D
028E
0290
0291
0293
0294
0294
0297
0299
0294
029¢
0290
029F
02A0
0242
0243
0245
0286
0248
0269
0248
024¢

024E

024F
0281
0282

C-34

¥

ETBLENT DU

ESCTL DB
oM
0B
oH
)
o
08
N
08
W
]
W
08
O
08
DY
08
D
08
o
08
T}
08
DY
08
o
08
o
08
W

ESCTBL TABLE OF HOH ANSI ESCAPE FUNCTIOKS

15 FHUMBER OF TABLE EHTRIES
ED $CLEAR SCREEN

ED CLEAR SCREEN

200

SHALF_IHT SET HALF IHTEWSITY
gszF_IHT SRESET HALF INTENSITY
9:503 $ERASE TO EHD OF SCREER
QLFUS

51' FERASE TO EMD OF LINE

B

i

INSLIN FIHSERT LINE

DELLIH SDELETE LINE

ICHR  FIHSERT CHARACTER

DCHR  DELETE CHARACTER

POSIT  5POSTTION CURSOR
fLeY_ﬂUSIC FHUSIC

RgVERSE FINVERSE VIDEQ



SYSTEM TECHNICAL MANUAL

10.5¢Y5

0284

0284 03
0285 8A 2E
= 0003

0287 7
0288 SE O 23 03 8 2E
= D007

02BE 15

028F 58 0D SC 08 3D 1€
400478 14 7C 1A

028 70 0B 7E OF 23 03
200

= 0015

0203 13

0204 5B 00 SC 04 3D 09
010781070 16

02E0 7D 19 7E 1E 27 OC

= 0013

026 13

02E7 5B 00 5C 06 S0 02
241378 10 7C 18

02F3 70 12 7€ OF 27 OC

= 0013

02F9 13

02FA 58 D1 5C 07 5D 02
B037117C 17

0308 70 12 7€ OF 27 OC

= 0013

030¢ 00

0300 5B 1F 5C 05 5D. 1D
2700 7C 1523 03

= 000D

0319 17

0314 5B 0D 5C DB 5D 14
23 03 40 1C 78 DA

0326 7C 18 70 0B 7E 1B
60 1A 27 0C

= 0017

APPENDIX C

Hitiiiiiiditiidiiititidit pittiiitizaiiitsateititinditizs izl

o £
;f CRT TRANSLATE TABLE ]
i H

HEEddiiiziiodiigtitiseiiidtiatitizizisidizsatiititititiitizsid

CRTTBL:

i
LVARO: 0B VARGL

us: DB 8AH, 2EH

VAROL ERU  $-LVARD

LVARL: DB VARIL

Uk: DB SEH,0EH, 23H, 03H, 8AH, 2EH
VARIL EQU  $-LVARL

LVAR2: DB VARZL
FRANCE: DB 5BH,00H, SCH, 08H, 5DH, 1CH, 40H, BAH, 78H, 14H, 7CH, AH

08 70H, 0BH, 7EH, OFH, 23H,03H, 27H, OCH
VAR2L  EQU $-LVAR2

LVAR3: DB VAR3L
GERHANY:DB 5BH,00H,5CH, 06H, 50H, 09H, 40H, 1CH, 7BH, 10H, 7CH, 16K

08 70H, 19H, 7EN, 1EH, 27H, 0CH
VARIL EQU  $-LUAR3

LVAR4: DB VAR{L
SVEDEN: 0B SBH, 00H, SCH, 06H, S0H, 02H, 24Hy 13H, 7BH, 10H, 7CH, 161

08 70H, 12H, 7EH, OFH, 27H, OCR
VARAL EQU  $-LVAR4

LVARS: DB VARSL
DANSK: DB 5BH, 014, 5CH, 07H,50H, 02H, 23H, 03H, 7BH, 11H, 7CH, 17H

08 T0H, 12, 7EH, OFH, 27H, 0CH
VARSL EQU  $~LVARS

LVARS: DB VARGL
KSPAIN: DB 5BHy 1FH5CH, 05H, 50H, 1DH, 27H, OCH, 7CH, 15H, 23H, 038

VAREL EQU  $~LVARG

LVAR?: DB VARTL
1TALY: DB 58H,0DH, 5CH, 08H, SDH, 14K, 23H, 031, 40H, 1CH, 7BH, OAH

08 7CH, 18H, 70H, O8H, 7EH, 1BH, 60H, 1AH, 27H, 0CH
VARIL EQU  $-LVAR7
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0330 15

0331 2303 27 0C 40 08
58 04 SC 14 3D 0B

0330 78 10 7C 16 70 19
7E OF

= 0015

0345 03
0346 BA 2E
= 0003

0348 OF

0349 27 0C 48 0A 5C 08
8 14 7¢ §F 70 0B
€ OF

= 000F

0357 11

0358 27 0C 5B 83 5C 84
5D 82 7B 93

0362 7C 94 70 92 7€ OF

= 0011

0348 1t

0369 23 03 27 OC SB 80
5C 81 50 85 78 90

0375 7C 91 7D 08

= 0011

0379 1§

0374 40 8C 58 8B 5C 88
5D 89 SE 8A 60 9C

0386 78 98 7¢ 98 10 99
TE 9

= 0015

03BE 08l

20
]

C-36

LVARS: DB
58185122 DB

08
VARSL  EQU
LUARD: DB
AUSTRALIA: DB
VARSL  EQU
LVAR10: DB
CARADAZ: 0B
VARIOL EQU

LVAR11: DB
SAFRICA: DB

0B
VARLIL EQY

LUAR12: OB
PORTUG: DB

0B
VAR1ZL EQU

LVaR13: DB
YUGosL: 08

]

UART3L EQY
e

VARSL
231,034, 27H,0CH , A0H, D3H, 5BH; OAH, STH, 141, 5D1, OBH

TBHy 10H, 7CH, 16H, 70H, 194, 7EH, 0FH

$-LVARS

VARSL

BAH, 2EH H I
$-LVAR?

VAR1OL

27H,0CH 401, D4, 5CH, B8H, 7BH, 141, 7CH, 9FH, 7DH, OBR, 7E1.0F j38x 1)

$-LVARLD

VAR11L
27H,0CH, 5BH, 83H, 5CH, B4H, SOH, 82H, 78K, 93H E15%

7CH, 941, 70H, 92H, 7EH, OFH
$-LVAR11

VARLIL
23H,03H, 278, 0CR, 5BH, BOH, 5CH, Bty 50H, B5H, 784, 90H

7CH, 914, 70H, 088

$~LVAR12

VAR13L

40K, 8CH, 38H, 8BH, 5CH, 88H, SDH, 89H, SEH, BAH, 6TH, 9CH §%8%
78H,5BH, 7CH, 92H, 7DH, 99H. 7EN, 9AN 1404
$-LUARLS

gDUP (') $SPACE FOR EXTENSION
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0396
0396

03h8

0384

0306

0304

03E4

036

0406

0416

0426

0436

0444

0456

0446

20212223 2% 5
277 2829 20 1B
X NEF
303132333 35
363738 39 30 3
3 EF
40 4142 43 44 45
46 47 48 49 A 4B
4C 4D 4E 4F
50 51 52 53 54 55
56 57 58 59 5A 58
5 5 SE 5F
60 61 62 63 &4 65
66 67 68 69 6A 68
6 4D ¢E ¢F
0717273 74 75
6717879 7A T8
WIETF
80 81 82 83 84 85
86 87 88 B9 8A 8B
8¢ 8D 8E &F
50 91 92 93 94 95
96 97 98 99 %A 9B
9 90 9E 9F
AD AL A2 A3 A4 AS
A A7 A8 A9 AR AB
AC 4D AE #F
BO B1 82 B3 B4 B5
B4 B7 BB BY BA BB
8C 8D BE BF
¢0 C1 €2 €3 C4 5
C6 (7 (B €9 CA CB
¢C €D CE ¢F
00 D1 02 DF 04 DS
D6 07 D8 09 DA DB
0C 0D 0E OF
EO E1 E2 £3 E4 ES
E6 E7 EB E9 EA EB
£C €D £E £F
FO F1 F2 F3 Fé F5
F6 F7 F8 F9 FA FB
FC FD FE FF

RTACTTBL:
B

08

0B

08

08

08

0B

08

08

0B

08

08

08

08

APPENDIX C

ACTIVE CRT TRANSLATION TABLE

20H, 21H, 224, 23H, 24H, 25H, 26/, 27H, 28H, 29H, 24H, 28H, 2CH, 20H,
2€EH, 2FH

J0H, 31, 32H, 33H, 3¢H, 35H, 36H, 37H, 38H, 39H, Ak, JBH, 3CH, 30H,
-3EH, 3FH

A0H, 41H, 42H, 43H, 441, 45H, 46H, 4TH, 48H, 47H, 4AH, 4BH, 4CH, 4DH,
AEH,4FH

50H,51H,52H,53H, 54H, 55H, 56H, 57H, 58H, S9H, SAH, 5BH, SCH, 5DH.
SEH, SFH

40H, 81H,82H,63H, 64H, 65H, 86H, 6TH, 68H, 69H, EAH, 8BH, 6CH, 6DH,
4EH, 4FH

TOH, 714,724, 73H, 74H, 75H, 78H, 77H, 78H, 79H, 7AH, 78H, 7CH, 70H,
TEH, 7FH

80H, 81H, 82, 83H, 84H, 83H, 84H,87H, 88H, 85H, 8AH, 8BH, 8CH, 8DH,
8EH, 8FH

90H, 910,92, 93H, 94H, I5H, 96H, 7H, 98H, 994, 9AH, 98H, 9CH, 90H,
9EH, 9FH

0ADH, 0ATH, 0AZH, 0ATH, DA4H, DASH, 0AGH, DATH, OABH , OATH, DAAK,
0ABH, DACH, DADH, DAEH, DAFH

080N, 0B 1#,082H, 0B3H,0B4H, 0B5H, 0B&H, 087H, 0BSH, OBIH, 0BAH,
08BH, BBCH, 0BDH, OBEH, OBFH

0COH, 0C1H,002H,0C3H,0C4H, 0CSH, OC6H, OC7H, OC8H, OCPH, OCAH,
0CBH, 0CCH, 0COH, OCEH, OCFH

0DOH, 0D 14, 0D2H,003H, DD4H, 0DSH, DDSH, 0D7H, 0DBH, DD9H, 0DAH,
Q0BH, 00CH, 0DDH, ODEH, 0DFH

OEOH, 0 1H,0E2H, OE3H, BE4H, OESH, OESH, O0E7H, OE8H, OE9H, OEAH,
GEBH, OECH, 0EOH, DEEH, OEFH

OFOH, OF 1H, 0F 2, 0F 3H, OF 44, OF 5H, OF 8H, OF 7H, OF 8H, OF 9H, OF A,
OFBH, OFCH, OF DH, OFEH, OFFH

C37



10.5Y5

D476
0474
0476
0474

047¢
047E
0480

0488
0488
048C
048E
0490
0492

0494
0494
049E
04A0
042
D4Ad

Cc-38

0488 K 0040
8013

053C R

0547 R

43 4F 4E 20 20 20
2020

0494 R 0040

£000

033C §

054D R

4135 5820 20 20
2020

04AC R 0040

2000

053C R

0553 R

50 52 4E 20 20 20
2020

DUORD pointer to next device |

(~1)-1 if last device)

Device attribute HORD
Bit 15 = 1 for chacter devices.
0 for Block devices.

Charcter devices. (Bit 15=1)
Bit 0= 1 current sti device.
Bit 1 =1 current sto device.
Bit 2=1 current HUL device.
Bit 3 =1 current Clock device,

Bit 13 = 1 for non IBH aachines,
0 for IBH nachines only.
Bit 14 = 1 I0CTL control bit.

Device strategy pointer.

Me w3 e we wr wE ms W s WS we @ wE 8 we WD e wE we =d S W8 wm wE =a ws we wE we

Device interrupt pointer.,

Device nane field,

Character devices are any valid nane
left justified, in 3 space filled

field.

Block devices contain ¥ of units in

the first byte.

W wa @ we we we we 4 wm 4 = e we we we ws s ws we e e we ws wep ws o

DEVSTART LABEL HORD

CONDEV:
Dy AUXDEV,BI0SSEG
DH 80130
il STRATEGY
0 COH_INT
0B “COM
AUXDEY:
D PRHDEV,B10SSE6
PL} 8000
oY STRATEGY
0N AUX_INT
0B "AUX
PRHDEV:
i TIHDEV,BI0SSER
i ] 3000H
DU STRATEGY
0¥ PRN_INT
DB "PRH

1 vord offset.
1 uord segesent.

1 word.

1 word offset.
1 word offset.
8 bytes,

iHeader for device CON
jLink to next device

iAttributes - console inputy cutput device

7 INT 29H SUPPORT

$Srategy entry point
jInterrupt entry point

iDevice nase

iHeader for device AUX

header for device PRR

()
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04AC
044C
048D
0482
0484
0486

(MBE
D4BE
042
04C4
0406
04C8
049

O4BE R 0040

8008

053C R

0559 R

43 4C 4F 43 4B 20
20 20

FFFF FFFF
2000
053¢ R
4000 €
02

07

»
]

TINDEV:
DR
o
U]
0w
0B

DSKDEV:
V]

¥
W
o
DRVIAX DB
0B

DSKDEV, BI0SSEG
8008H

STRATEGY
TIH_IKT

“CLOCK

-1y-1
2000k
STRATEGY
OSK_INT
2

700 (7)

APPENDIX C

tHeader for device CLOCK

tHeader for disk devices
jLast device
iIs a block device

iHusber of Units
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0400
DiD2
04D4
0406
048
040A
DADC
04DE
04E0
04E2
04E4
DAES
04E8

04EA
4EC
DAEE
04F0
4F2
04F&
04F6
DAFE
4FA
04FC
4FE
0500
0502

0504
0504
0508
0304
0500
050E
0510
0512
0514
0516
0518
0514
051C

051E
0520
0522
0524
0526
0528
0524
052
052E
0330
0532
0534
0536

C-40

0000 E
05C7 R
0307 R
059C R
0000 £
0000 E
0000 E
0600 E
O5FC R
G3FC R
05¢7 R
0507 R
05(7 R

05C7 R
0507 k
0507 ®
059¢ R
0598 R
058¢C R
0598 R
05¢7 R
0598 R
0598 R
0398 R
0567 R
05¢7 R

05¢7 R
05C7 R
05C7 R
059¢ R
0073 R
058C R
03C7 R
05¢7 R
ODSE R
005E R
05C7 R
057 R
05C7 R

0002 R
05C7 R
05¢7 R
059C R
05¢7 R
038C R
057 R
0507 R
0031 R
0031 R
045 R
05C7 R
05¢7 R

CONTBL:

AUXTBL:

TInteL:

PRATBL:

]

key_init
EXIT
EXIT
ERROR_3
key_in
key_nd_in
key_st
key_in_fl
COH_NRIT
COH_URIT
EXIT
EXIT
EXIT

EXIT
EXIT
EXIT
ERROR 3
ERROR_2
BUS_EXIY
ERROR_2
EXIT
ERROR 2
ERROR 2
ERROR_2
EXIT
EXIT

EXIT
EXIT
EXIT
ERROR_3
TIN_RED
BUS_EXIT
EXIT
EXIT
TIN_URT
TIN_URT
EXIT
EXIT
EXIT

PRH_INIY
EXIT
EXIT
ERROR 3
EXIT
BUS_EXIT
EXIT
EXIT
PRH_URT
PRH_URY
PRH_STA
EXIT
EXIT

i0 - Init.

i1 - Media check (llot used)

32 - Get Bias Paraseter Block (Hot used)
13 - Reserved, (Currently returns error)
7 - Character read. (Destructive)

#9 - Character read. (Hon-destructive)
36 - Return status,

7 - Flush Input buffer,

38 - Character write,

39 - Character write with Verify.

710 - Character write status. (Hot used)
11 - Flush output buffer. (Hot used.)
12 - 10 Control.

30 - Init, (Hot used)

i1 - Nedia check (Kot used)

2 - Get Bios Paraseter Black (Mot used)
i3 - Reserved. (Returns an error)

74 ~ Character read. (Destructive) #14x
33 - Character read. (Mon-destructive)
76 - Return status. (Hot used) *14%

37 - Flush Input buffer.

18 - Character write. ¥4

79 - Character write uith verify, ¥14#
310 - Character urite status, ¥14¥

11 - Flush output buffer. (Hot used.)
712 - 10 Control,

50 - Init. (Mot used)

31 - Hedia check (Kot used)

32 - Get Bios Paraseter Block (Not used)
+3 - Reserved. (Currently returns an error)
+4 ~ Character read. (Destructive)

3 - (Hot usedy returns busy flag.)

36 - Return status. (Hot used)

i7 = Flush Input buffer, (Mot used)

58 - Character write.

19 - Character write with verify,

310 - Character urite status. (Mot used)
311 - Flush output buffer. (Kot used)

312 - 10 Control.

FINIT ¥k
#1 - (ot used)

32 - Block (Hot used)

33 - Reserved. (currently returns error)
3 - (Hot used)

35 - (Hot usedy returns busy flag.)
16 = (Hot used)

57~ (Mot used)

i8 - Character urite.

- Character write with verity.
110 - Character write status,

11 - (Hot used.)

312 - 10 Control.

-
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0000
0001
0002
0003
00es

0000
B00E

”
7
”
m
08 1
7

”
299922997

0012 7772
00 7777

0016
0538

053¢

033C
053¢
0341
0346

0547

0547
0547
0548
0548

0340
054D
054E
0551

0553

00 60 o6 00

2E: B9 IE 0538 R
2€: BC D6 D93A R
(8

36
BE 0400 R
£8 10

5
BE 04EA R
EB 0A

APPENDIX C

iefine offsets for io data packet

10DAT
CHDLEN
UNIT
(HD
STATUS

HEDIA
TRANS
COUNT
BEGIH
10DAT

PTRSAV

STRATP

STRUC
0B
08
0B
U]
0B

L)

PROC

STRATEGY:
Hov

RE_INIT:
STRATP

nov
RET

EROP

?
?
?
?
8

oup (7

RUINCINC I )

0

FAR

$LENGTH OF THIS COMHARD
75UB UNIT SPECIFIER
;COMMAND CODE

iSTATUS

$HEDIA DESCRIPTOR

$TRANSFER ADDRESS

iCOUNT OF BLOCKS OR CHARACTERS
FFIRST BLOCK T0 TRANSFER

;Strategy pointer save.

Simplistic Strategy routine for non-sulti-Tasking systen.

Currently just saves 1/0 packet pointers in PTRSAV for
Later processing by the individual interrupt routines.

NORD PTR (SSCPTRSAVI,BX
NORD PTR CS:[PTRSAV+21,ES
FFAR RETURN FOR SYSIMIT CALL

i
; Console interrupt routine for processing I/0 packets.
H

CON_IHT:

PUSH
Hov
Jup

)

SI,0FFSET CONTBL

SHORT ENTRY

i
i Auxilary interrupt routine for processing 1/0 packets.
H

ADX_IHT:

- -

PRN_INT:

PUSH
oy
Jup

§1

51,0FFSET AUXTBL

SHORT EHTRY

Printer interrupt routine for processing I/0 packets.
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0553
0554
0557

0559
0559
0554

0530
D35E
035F
0360
0561
0362
0563
0564

0545

0564
054D
0570
0573

0576
0577
0578
057¢
057E
0580
0582
0534
0585

0588

0589
0584

c42

BE ODIE R
8 04

56
BE 0504 R

90
b))
52
W
%N
13
04
5

2E: €5 1E 0538 R

BA 47 01
th &7 00
8B 4F 12
897 1

97

8h 47 02
N E4

03 Fo

03 Fo
308
1

n

€4 7F OE

113
1F
FF 24

PUSH
nv
e

51

S1,0FFSET PRNTBL

SHORT ENTRY

Clock interrupt routine for pracessing 1/0 packets.

TIH_TNT:
PUSH  SI
Hov S1,0FFSET TINTBL
Common progras for handling the 1/0 packgt

- s e -

ENTRY:  PUSH
PUSH
PUSH
PUSH
PUSH
PUSH
PUSH
PUSH

L0§

Hov
hov
oy
tov

XCHE
Hov
XOR
40D
40D
cHe
JA
XCHG
LES

PUSH
POP
Jip

AX
X
DX
U8
BP
0§
ES
BX

BX,CS:LPTRSAV]

AL, [BX.UNITY
AH,[BX. HEDIAT
CX,UBX.COUNT
X, (BX.BEGIN]

DI, AX

AL, [BX.CHDI
Gl

SI,AX

SLAK

AL, i1
ERROR_3
X,01

DI, LBX.TRANS]

8
0§
[£18)

processing scheme in NSDOS 2.0

$Save all necessary registers.

tRetrieve pointer to 1/0 Packet.

$AL = Unit code.

A0 = Media descriptor.

30X = Contains byte/sector count.
30X = Starting Logical sector,

jtove Unit & Media into DI temporarily.
iRetrieve Coamand type. (1 =) {1)

sClear upper half of AX for calculation.
iConpute entry pointer in dispatch table.

iVerify that not aore than 11 comsands.
iAhy welly error out.

jHove Unit & Hedia back where they belang,
iD1 contains addess of Transfer address.
+ES contains segment.

jData segaent same as Code sesment.
iPerfora 1/0 packet command.

O
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058C
058C
058E

0590
0590
0592
0594
0594
0596
0598
0598
0594
059C
D59¢C
05%E
05A0
0540
05A2
0584
0544
0548
0548
0548
054A
05AC
054¢
05AE
0580
0580
0582
0584
098¢
0586
0588
0588
0584
058C

B4 03
EB 37

3200
EB 2E

80 01
EB 24

B0 02
EB 26

BD 03
£8 22

B0 04
B IE

80 05
EB 1A

B0 04
EB 16

B0 67
EB 12

B0 08
EB OE

B0 09
£B 0A

B0 DA
EB 04

BUS_EXIT:
Hov
Jue

Errar ¥

- = s s s mm =S w8 s e =8 s WE W ‘=s wE wm e

ERROR 02
XOR
Jip

ERROR _1:
tov
Jup

ERROR_2:
Hov

P
ERROR_3:
Hov
JiP
ERROR _4:
Hov

Jup
ERROR_5:
Hov

e
ERROR_é:
Hov

JHP
ERROR_7:

Hov

e
ERROR_82

Hov

Jup
ERROR_9:

1o

Je
ERROR_10:
oy

JHp
ERROR 112

APPENDIX C

jDevice busy exit.
AH,000000118  $Set busy and done bits,
SHORT EXITL

Comnon error processing routine.
AL contains actual error code.

0 = drite Pratect violation,

1 = Unkown unit.

2 = Drive not ready.

3 = Unknoun consand in 1/0 packet.
4 = CRC error.

5 = Bad drive request structure length.
4 = Seek error.

7 = Unknown media discavered

8 = Sector not found.

9 = Printer out of paper.

10 = Write fault.

11 = Read fault.

12 = General failure.

AL,AL iWrite protect violation,
SHORT ERR_EXIT

ALyt jUnknawn unit.
SHORT ERR_EXIT

ALy2 iDrive not ready.
SHORT ERR_EXIT

ALy3 sUnknown cosmand in 1/0 packet.
SHORT ERR_EXIT

ALy4 1CRC error.
SHORT ERR_EXIT

ALyS +Bad drive request structure tength.
SHORT ERR_EXIT

ALyé 15eek error,
SHORT ERR_EXIT-

ALy7 Unknown media discovered.
SHORT ERR_EXIT

ALy8 sSector not found.
SHORT ERR_EXIT

AL,? iPrinter out of paper.
SHORT ERR_EXIT

ALy 10 sWrite fault.
SHORT ERR_EXIT
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038C
058E
05¢0
050

05(2
052
054
0503

037

05¢7
039
05CE

0301
0502
0503
0504
0505
0506
0307
0508
0509
0504
0508

Cc44

B0 08
EB 02

B0 OC

B4 81
8 02

B4 01
2E: C5 1E 0538 R
894703

5B
07
1
30
SF
A
3
98
SE
(8

Hov

JiP
ERROR_12:

Hov

AL 11
SHORT ERR_EXIT

ALy 12

i
jfatl through to ERR_EXIT
i

ERR_EXIT:
Hov
STC
JHP

EXITP  PROC

EXIT:  HOV
EXIT1: LD§
Hov

PP
POP
POP
POP
POP
POP
POP
pOP
PP
RET
EXITP  EMDP

AH, 100000018
SHORT EXITL
FAR

AH, 000000018

BXyCS:LPTRSAV]
[BX.5TATUS 154X

iRead fault.

)

jGeneral faiture.

iSet errar and done bits.

8et carey bit alse.

sBuick way out.

sHormal exit for device drivers.
3Set done bit for HSDOS.

1Save operation cosplete and status.

jRestore registers.

@)

FRESTORE REGS AND RETURH
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0508
0508
os0e
050D
050E
050F
OSEQ
05EL
D5E2
0SE3
05E4
05Ey
05EA
05ED
05F2
05F3
05F4
055
05F6
05F7
O5F8
05F9
05FA

D5FB
05FB

05F¢
05FC
OSFE
OSFE
0600
0601
0604
0405
0607

F
C6 08 0809 R 29
£B 0700 R

Cb 06 0409 R 00
07

I

)

5F

s

59

58

SE

CF

F

8 F7

26: 4C
3l

ES 07C0 R
3

E2 F7

EB BE

INTERRUPY 29 HANDLER

i
i
i
7 ENTRY: CHARACTER T0 BE OUTPUT TO CRT IN AL
7 EXIT:  ALL REGISTERS EXCEPT BX PRESERVED

i

I

29_HANDLER:
PusH  §I
PUSH  AX
PUSH X
PUSH DX
PUSH DI
PUSH 8P
PUSH DS
PUSH  ES
PUSH (S
POP DS
HOV  BYTE PTR INTTYPE,29H  jFLAG INT 29H ENTRY
CALL  COROUT CHARACTER 1IN AL TO CRY
Hov  BYTE PTR INTTYPE,0 CLEAR IRT 29H FLAG
POP  ES
pop DS
POP BP
PoP DI !
POP X
pop X
POP X
Pop  SI
TRET

i TRAP FOR UNDEFINED INTERRUPTS

)
INT_TRAP:
IRET FRETURN ..NO ACTIOR

Console outpuat rautine.

CON_MRIT:
Hov 51,01 iGet destination to source,
CON_NRIL:
LODS  BYTE PTR ES:ESI1
PusSH  CX
CALL  CONOUT 1Call ansi driver,
PP X
LOOP  COM_NRIf sKeep going until user buffer through.
JiP o EXIT
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= poo8

= 0018

= (050

= 0018
0409 00
0604 0000
040C E8
0600 4D

D60E 00

040F 00
0610 0000
0612 00
0613 091E R
0615 0765 R
0817 0819 R
0619 0100 €

0719 00
071A AL

078A 00
0788 00
078C E8
078D 00
078 00
078F 00

c-46

00

20

i
$ANSI Info and routines. ANSI driver isplesented as a finite state autosata

&

$This ANSI driver transtates the ANSI standard escape sequences into the

$HCR DECISION MATE § escape sequences. DM 5 sequences are also supported.

$This is not 3 full isplesentation of ANSI, but rather 2 mininal implesentation
i which ieplesents all of the necessary ANSI functions.

POSCUR  EQU
RONS  EQU
SWIDTH EQU
ESC  EQU
INTTYPE DB
RADDR DM
HOR_ATT DB
HOHO_COLOR DB

B6.F& (1]

DRER DB
SAVCRTPARB DW
STRINGF 08
CHTRARS DV
STATE DU
PRUPHT DY
PARNS DB

LASTPRN DB
LINBUF DB

8 $CRTPIN ESC FOR CURSOR POSITIONING
2% $SCREEN HIGHT
80 $SCREEN WIDTH
18H jEscape character used in this isplesentation.
0 {INTERRUPT TYPE FLAG FOR INT 29H HANDLER
0 $ADDRESS OF ROUTINE REQUESTING DATA
OEBH $HONOCHRONE CRT DEFAULT ATTRIBUTE H3t]
n $HOKOCHRONE OR COLOR FLAG ~ DEFAULT HOXO
7 ACCORDINGLY #13%
0 $BIT 0 —) BACKEROUKD DEFINED
7 BIT 1 —) FOREGROUND DEFINED #13%
0 $DATA REQUEST FLAG
] #SAVE / RESTORE CURSOR POSITION 2%
0 $String flag
OFFSET SECRED  FFIRST SETUP CRTACTTBL ¥
sn Current ANSI character state.
PARNS iCurrent paraneter pointer.
256 DUPLD) tAllov for up to 257 paraseters. (::;::)

0 iWith this being the last one.
180 DUP(* *)  FBUFFER FOR CRTPIN

i CRT PARANETER BLOCK

?
CRTPARD DB

0 HA

0 jROM

GEBH  FATTRIBUTE

0 FESCAPE CODE BYTE
0 ;FREQUENCY

] FTOHE LENGTH

)
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070
073

0763
07¢7
07¢9
07¢ec
0700

0701
0703
0705
0708
708
070F
07E3
07E7

BF 0415 R
FF 25

3 18

7403

E9 0897 R
C7 05 0701 R
3

3C 58

%03

E9 0868 R
BB 0619 R

89 1E 0617 R
€7 07 0000
€7 05 O7E8 R
(3

CoNouT: HOV

5T1:

§T12:

§12:

51218

Jnp

State one (1),
Looks for an Escape character.

cHP
gz

Jie
v
RET

State two (23,
Looks for the “[" character.

CHp
V4

Jup
nov
Hov
Hov
Hov
RET

APPENDIX C

ANST console output driver.

DI,0FFSET STATE jRetrieve current ansi state,
013 jJump to it.

AL, ESC iSee if this the first character is ESC.
5112 Moy treat as regular character output.
OUTCTR OUTPUT THE CHARACTER

WORD PTR [D11,0FFSET 512 Yesy setup state two.

ALy’ 19ee if a valide state two,
5121 $8KIP TF 'Y
ESCHONA iNoy test non_ANSI ESC seauence

BX,0FFSET PARNS 3Yes, get parameter pointer.
NORD PTR [PRNPNT1,BX  jSetup in pointer index.
WORD PTR (BX]yD jClear first entry.

WORD PTR [D11,0FFSET ST3;Setup for state three,

Cc47
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07e8

Fé 06 0812 R 22

07ED 75 04

07eF
07F1
07F3
07F5
07F7
07FB
07FF
0801

3¢ 38
%13
322
na
30 06 0812 R
84 06 D612 R
504
FF CE 0617 R

0805 (€3

0806
0804
080D
0811
0813
0816
081a
081D

U313

FF 06 D617 R
B8 0719 R

39 06 0417 R
7 03

A3 D617 R
88 3E 0617 R
C6 05 00

[

Fé 06 0612 R 22

0823 B 17

0825
0827
0829
0828
0820
082F
0833
0835
0837
0839
0838

083¢
0840
0842
0846
0847
0848
084F
0852
0856

c48

3 30
2
39
7714
2030
88 3E 0617 R
86 05
B4 DA
Fé E4
00 05
]

&8 3E 0617 R
88 05

FF 06 0817 R
%]

C7 05 075 R
88 OE 0617 R
BF 0418 R
89 3£ 0617 R
BF 0234 R

§13:  TEST
JKZ
cHp
Jz

ST3L:  CHP
Jiz
XO0R
TEST
JNZ

. DEC

ST3RET: RET

ST3C:  INC
Hov
cHp
JBE
Hov

RETST3: MOV
Hov
RET

we w8 ma e

ST3A:  TEST
.74
cHp
JB
Chp
Ja
SUB
Hov
XCHG
Hnov
ML
ADD
RET

we e e -,

5T38: MOV
Hov
IRC
RET
§T3D: MOV
Hov
Hov
Hov
Hov

State three (3).
Entered one or more times for paraseter passing.

STRINGF, ***
e

oLy s*

§13¢

RL' 1)

573

STRINGF, AL
STRINGF AL

STIRET

WORD PTR CPRUPKT

NORD PTR [PRHPHT]
AX,0FFSET LASTPRH
CPRMPHTI,4X
RETST3

[PRHPRT1,AX
DI, IPRUPHT]

)

$TEST IF STRING PROCESSING

5 JUHP IF STRING FLAG SET
jLook for decimal # seperator,
iFall through if not °3°

sLook for string separator.
Mo check phase A

Toggle string flag

!

shdjust pointer at end of string,

iYesy incr. pointer to next paras.
iCheck for outside parameter List.

i¥es, proceed with next paraseter,
iRoy treat as extentsion to old.
iSetup for next paraseter.

BYTE PTR [DI3,0 ;Pre-Initialize it to zero.

State three 4 (3A).
Check for a3 ascii digit.

STRINGF, '~

O

$TEST IF STRING PROCESSING

§T3B
AL, ‘0"
ST3D
ALy '’
§T3D
AL, ‘0’
DI,LPRHPHT]
[013,AL
AHy 10
AR
[DI3,AL

State three B (3B).
Wasn’t a ascii digit, so check for string flag and secondary cossand.

DI,LPRAPKT]
BYTE PTR (DI1,AL
KORD PTR LPRMPHT

[DI1,0FFSET §T1
CX,LPRHPKT]
DI,0FFSET PARNS-
[PRIPHT],DI

DI,OFFSET CHDTABL-3

5 JUNP TF THRU

iCheck for ASCII digit.

oy check for seconday comeand character.
3Still checking for ASCII digit.

Moy it must be a3 secondary.

jConvert to binary.

j6et the current paraseter pointer,

j6et existing &,

7Scale by 10.

7Add to nev digit.

GET POINTER TO PARMS
$5tore character in PARNS
3 jand mave pointer.

jbreset STATE to state 1 just in case.
$CX = CURRENT POINTER VALUE
1 iGet pointer to start of parameters.
9ave it in Paraseter pointer.
iGet start of Secondary coseand table.

),
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0859 83 (7 03
D85C 80 30 0D
085F 75 03
0861 EB 34 90
0854 3A 05
0866 75 F1
0268 FF 65 01

08é8

0868 F6 06 Q6OF R FF
0870 75 20

0872 8B OE 0285 R

0876 88 0287 R

0879 3A 07

0878 75 09

0870 C7 06 0415 R 08éB R
0883 FF 67 01

0886 83 €3 03

0889 E2 EE

0888 C7 06 D615 R OS5 R
0891 €3

0892 BF 060A R
0895 FF 25

0897

0897 3C 20

0899 72 0C

0898 FF 16 0613 R
089F 84 (8

BA1 BB O7BA K
08A¢ E9 GEBA R

ST3B1: 40D
e
Jh2
Jip
§7382: CHP
L
Jne

APPENDIX C
01,3 jUpdate Command table pointer,
BYTE PR [D11,0 jCheck for end of table.
51382 iHoy continue processing,
OUTCTR iYesy treat as regular character.
AL,LDID 1Check for valid.. coasand,
51381 iHo, keep checking.
{DI+11 iYesy transfer to that secondary comsand.

i
7 HON ANST ESCAPE SEQUENCE
i

ESCHONAS
TEST
Nz
Hov
Hov

ESCHON: CHP
JNz
Hov
Jup

ESCFAL: ADD
Loop
o
RET

i
PASSCH: MOV
R

o

i
i
i
QUTCTR:

che
JB
CALL
XCHG
fov
e

7AL=CHARACTER

DREQ, FFH FSEE IF ANY SERUENCE PENDING
PASSCH jPASS BYTE T0 REQUESTING ROUTINE
CXyETBLENT CX=NUMBER OF ESCAPE TABLE ENTRIES
BX,OFFSET ESCTBL §BX POINTS T ESC TABLE

AL,EBX] $SEARCH FOR CORRESPOMDING ENTRY
ESCFAL iHO HATCH THIS TIHE

STATE,OFFSET ESCKONA 3HON ANSII ESCAPE SEQUENCE
(BX+11 FHATCH FOUND EXIT TG CORR. ROUTINE
BX,3 jBUMP POINTER TO HEXT ENTRY

ESCHON FLOOP UNTIL TABLE ENDS

STATE,OFFSET ST1 FRETURM T0 STATE 1
JESCAPE FUNCTION HOT IMPLEHENTEQ

DI,0FFSET RADDR ;RADDR CONTAINS REQUESTERS ADDRESS
on iPASS THE CHARACTER I AL

CHARACTER OUTPUT ROUTINE

i ¥i¥ ¥2%
ALy' 1
CCNTCH $CHARACTERS ( 20H ARE CONTROL CHARACTERS
[CHTRANS] $TRANSLATE CHARALTER )= 204
CL,AL  ;CRTPIH NEEDS THE CHARACTER IN CL
BX,0FFSET CRTPARB jPOIMTER TO CRT PARAHETER BLOCK
HIP_OUT sHIGH SPEED ERTRY OF CRT PIM
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08A7
247
0BAB
D2AE
0880
0882
0883
0887

0888
0888

0888
0888
08BF
08c2
084
08¢7
0BCA
oece
08CF
0801
0803
0806
0808
0808
080D
02ED
08E2
02E4
0BES
08E6
08E8
02EA
0BEC
08EC
OBEF

08F2
08F4
0BF6
08F8
08FA
08FC
08FE
0900
0902
0904
0906
0907
0907

88 0E 0245 R
BB 0267 R

3h 07

74 06

83 €3 03

E2 87

(]

FF 67 01

8A 16 0000 £
80 FA 32
% 3%

BB 0284 R
F6 €2 10
4 0C

80 FA 12
7502

B2 15

80 F2 10
EB 1A

Fé €2 20
%15

80 FA 22
304

B2 08

E8 0C

504
B2 02
EB 04

80 62 08
80 E2 OF

FE CA
78 08
32 ED
24 OF
03 09
EB F4
BA OF
BS 00
FE €9
00 E9
43

BF 0376 R

Cc-50

..

7 SEARCH CONTBL FOR SINGLE BYTE CONTROL FUNCTION

'

COHTCH:
Hov
Hov

CNT: o
R4
A0
Loop
RET

i
CHTFD:
JHp

.
i
.
i
.
i
¢

CX,CTABLEN CX=LENGTH OF CONTBL
BX,OFFSET COMTBLFPOINTER 70 COMTBL
AL,BYTE PTR L[BX]

CNTFD P IF HATCH FOURD
BX,3 FHOVE POINTER TO NEXT ENTRY
CHY L00P TILL MATCH OR END OF TABLE

FRET IF NOT IMPLENENTED

[BX+1] 7START PROCESSING

CHARACTER TRANSLATION ROUTINE

HRTRN:
Hov 0L, language DL=LANGUAGE CODE FROX KBD DRIVER
;14 BLy 32 TEST FOR HEBREW 0%
JZ HEBREN $JUP IF TRUE ¥10%
HOV  BX,0FFSET CRTTBL SPOINTER TO CRT TRAMSLATION TABLE
TEST DL, 10H $SEE IF COUNTRY GROUP I
JI HOTI i JURP IF HOT
cup 0Ly 120 $SET 12H 10 O5H
JHZ HOTII $SKIP IF HOT 12H
Hov DL, 154 124 AND O5H ARE THE SAME
HOTII: XOR DL, 104 OTHERS OF 1XH SAME AS CORR..OXH
JHP SHORT LANT $EXIT ..LANGUAGE CODE CONVERTED
HOTI:  TEST  DL,208 $SEE IF COUMTRY GROUP 11
JZ LANT 1 EXIT IF NOT
tiP DL, 224 $NAP 20H AND 218 TO OBR
JKB GR21 $JUNP IF 22 OR GREATER
nov DL,08H
JUP SHORT LANT
GR21:
N2 GR22 $JUNP IF ABOVE 22H
nw  DL,024 FHAP 220 TO 020
JHP SHORT LAKT
ak22:
ADD DLy 6 HAP 231 ., 27H TO 094 .. ODH
AND DL,0FH
1
i OL CONTAINS TRANSLATED LANGUAGE CODE NOW
¥
LART:  DEC L $SETUP POINTER T0 ASS0C, COUNTRY TABLE
] LPOISET
XOR CHyCH
Hov CL,BYTE PTR [BX] jHOVE POIMTER BY THE VALUE FOUND IN TABLE
400 BX,CX
JHP SHORT LANT $LOOP TILL LANGUAGE FOUND
LPOISET: MOV CL,BYTE PTR [BXJ ;CL=LENGTH OF COUNTRY TABLE
Hov CH,0 1CX=LENGTH HOW
DEC L
SHR Lyt $CLENBTH-1)/2 = HUNBER OF ENTRIES
INC BX . ;[BXJ = POINTER TO FIRST ENTRY
SETACTTBL:
Hov D1,0FFSET CRTACTTBL-20H

)
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0904
090c
090E
0910
0911
0913
0915

8 17
B6 00
03 FA
43

327
88 25
43

0916 E2 EF

0918

09I1E
091E
0923
0925
0928
0929
0927
0928

092¢
092€
0930
0932
0934
0934

0935
0938
0934
093C
093E
093F
0941

0942
0946
094A
094

€7 06 0813 R 091E R

F4 04 0000 E 02
75 05

BB 0376 R

07

(3

3¢ 40

7206
374
nwn
2 40

L}

E3 0942 R
0A €0
%02

FE €0

98

8 (8

G

FF 06 0617 R
88 JE 0617 R
84 05

(3

1oV
Hov
ADD
NG
Hov
Hov
L
Loop
HEBREN: MOV

APPENDIX C

DL,BYTE PTR [BX1 SET POINTER INTO CRTACTTBL

BX F[BX] = TABLE POINTER FOR THIS BYIE

AH,BYTE PTR [BX] jTRANSLATED CHARACTER

BYTE PTR [DI,AH

BX $HOVE POINTER TO HEXT ENTRY

SETACTTBL jLOOP TILL ALL REQUIRED CHARGES MADE
CHTRARS, OFFSET GECREQ  §SET TRANSLATION ROUTINE ADDRESS¥10%

’
3 CRTACTTBL SETUP NOW

'

SECREQ:
TEST
Jiz
tov
XLAT
RET

HEB_ACTIVE:
cHp

B
e
J
58
HEB_NOT:
RET

[P —

GETONE® CALL
0R

JNz
INC
GETRET: CBW
Hov
RET

GETPARN: INC
GOTPARM:HOY
Hov
RET

flag_buf,024  FTEST HEBREW ACTIVE #{0x
HEB_ACTIVE §JURP IF ACTIVE *10%
BX,OFFSET CRTACTTBL-20H 204 MAPPED TO TABLE OFFSET 00
FIBX+ALY —) AL
i TRAHSLATED CHARACETR IN AL

AL, 60H CHARACTER CODES 40H TO 7AH ARE TRANSLATED
§ T0 00K TO 1AH ACCORDINGLY £10%
HEB_NOT §JUMP TF { &OH *10%
ALy 70H $TEST FOR } 7AH ¥10%
HEB_KOT §JUNMP IF ) 7AH #10¢
ALy 60H $FOR AL = &0H TO 7AH SUBTRACT 40H #10%
i *10%

Get binary paraseter fros storage and return 3 one if = 0

GETPARN j6et paraneter fora list,

ALyAL Verify for non-zero.

GETRET 16ocd, then return to caller,

AL iBady sake it at least 2 ane,
+Sign extend AL,

(413} sCopy of it to CX.

¥ORD PTR CPRHPNT] 1Increment paraneter pointer.
DI, [PRUPNT) ttet paraseter pointer.
AL, (D11 i6et paraneter value.

cs1
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0940
094F
0951
0953
0955
0957
0959

0958
095E

0761
0964
0966
0968
096
098¢
098¢
096F
W%
0977
0974

0978
097E
0780
0982
0985
0987
0989

0988
098E
0990
0992
0994
0996
0998

0994
099¢
099€E
094D

Cc-52

B3 41
EB OA
B3 42
EB 06
B3 43
EB 02
B3 44

EB 0935 R
A1 0784 R

80 FB 41
RS
24 EL
7302
32 B4

A3 0724 R
€6 05 0780 R 08
BB 07BA R

“E8 OES8 R

3

80 FB 42
B0
02 E1
80 FC 18
TEES
B4 18
EB Et

80 FB 43
75 04
02 €1
3C 50
72 Db
BO 4F
EB D2

2 €1
73 (E
32 (0
EB CA

cuus  Hov
Jip
Cuo:  Hov
Jnp
CUF:  HoOV
JHP
cuB:  Hov

CURPOS: CALL
Hov

onp
JHZ
CuP1:  SUB
JKB
XO0R
CHOVEEX:
nov
Hov
CNTC1B: HOV
CALL
RET

CDORN:  CHP
JHZ
ADD
CHp
JHG
Hov
Jip

]

CFORN:  CHP
JNZ
ADD
cip
J8
Hov
JHp

]

(BACK: SUB
JHB
XOR
Jip

Cursor Positioning routines, m

BL, ‘A’ jCursor up.

SHORT CURPOS

BL,'B’ Cursor down,

SHORT CURPOS

BL, 'C’ iCursor forward.

SHORT CURPOS

BL,’D’ iCursar back.

GETORE j6et nuaber of positions to move into X,

AX,NORD PTR CRTPARB jGet current cursor position
3 AL=COLUMH. .AH=RON

BL, ‘A’ sCursor up

COOMN

Ay CL

CHOVEEX 0K, NEW POSITION OR SCREEN
Aty AH $5TOP OM LINE 1..HO SCROLLING

#SET UP CRTPARB AND CALL CRTPIN
NORD PTR CRTPARB,AX #SET REW COLUMH AND ROW

CRTPARB+3,POSCUR $POSCUR=POSITION CURSOR QLY (G8H)
BX,0FFSET CRTPARB $BX=POIHTER T0O (RTPARB

CRTPIN EXECUTE CURSOR POSITIONING
BL,'B’ iCursar down Q
CFORN $SKIP IF HOT

AH, CL $SEE IF WE REACH LOWER SCREEN BOUNDARY
AH,RONS SME STOP AT BOTTON LINE (25)

CHOVEEX EXECUTE IF HOT BELOW BOTTOH LINE

AH,RONS 3 ELSE FORGET REST OF COUHT

GHORT CMOVEEX 7 SET CURSOR TO BOTTOM LINE

BL,'C’ sCursor forward

CBACK

AL, CL 1CURSOR FORKARD

AL,SWIDTH $SEE IF HOVE NOULD €0 YO OUTSIDE SCREEN
CHOVEEX i N0, HOVE

AL, SWIDTH-1 7 YES..STOP AT LAST COLUMN
SHORT CHOVEEX  ;HOVE HOW

AL, CL iCursor back
CHOVEEX $HOVE IT IT7°S WITHIN LIME
AL, AL i ELSE SET T0 FIRST COLUNM

SHORT CHOVEEX

O
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i
i RING THE BELL
i
0942 BELL:
0942 81 07 Hov (L7 $BELL CODE
09A4 E8 000D E (ALL  kbd_out FHANDLED BY KEYBOARD DRIVER
0747 (3 RET
i
7 HON DESTRUCTIVE BACKNARD SPACE
i
07A3 BACKSP:
09A8 AL 0784 R MOV AX,WORD PTR CRTPARB ;AL=COLUMK..AH=ROW
0PAB FE (8 DEC AL
094D 79 DA JNS  BKSPY ;JUNP IF HOT TO PRECEDING. RON
DPAF FE {C DEC M FCHANGE ROV
0981 79 04 JN5  BRSP2 jJUNP IF HOT BEYOHD TOP OF SCREER
0983 32 E4 XOR  AH,AH 5 ELSE SET RON 0
0985 EB 02 JUP GHORT BKSP1
0987 BO 4F BXSP2: MOV AL,SWIDTH-t CURSOR T0 EHD OF LINE
0989 EB B1 BKSP1: JHP  CHOVEEX $SET CURSOR
i
i ‘LINEFEED
i
0988 LINEFD:
0988 (4 DA 078D R 08 MOV CRTPARB+3,0BH  jLINE FEED ESC CODE FOR CRTPIN
09C0 EB B2 JiP CHICIB 7SEND ESCAPE CODE
i
i REVERSE LINEFEED
i
092 RLF:
09C2 AL 078A R MOV AX,NORD PTR CRTPARB
09C5 B1 01 v Gy CURSOR OME LINE UP
09C7 32 €0 X0R  ALAL FRETURH TO COLUMN ZERO
09C9 EB 98 Juip - CUpt
i
; HON DESTRUCTIVE FORWARD SPACE
i
09¢B HDFS:
09CB Al 0784 R HOV  AX,NORD PTR CRTPARB
09CE FE C0 e A FCOLUMN +1
0900 3C 50 CHP AL,SNIDTH FTEST IF BEYOND SCREER
0902 73 02 JHB HOFS1 i IF YES..Junp
0904 EB 94 JUP CHOVEEX iSET CURSOR
0906 EB E3 KOFSLs JHF  LIMEFD FPERFORN LINEFEED
i
i CARRTAGE RETURN
i
0908 CARRET=
0908 AL 07BA R HOV  AX,WORD PTR CRTPARB
0908 32 <0 KR  ALAL FSET COLUMH O
0900 EB 80 JP CHOVEEX $SET CURSOR
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09DF
090F
09E1

09E3
09E3
07E8
09EA
O9EF
09F4

09Fé
09Fé
09FB
09FD
DAD2
0AD4
0AD7
0A07
0A0C
OAOF
DADF
0A14
0A17
0a17
0ALC
OAIE
0A23
0A28

0A28
0A28

3300
EB 89

Fé 06 060C R 04
7541
80 OE 060C R 04
80 3E 060D R 43
519

F6 06 060C R 01
51

Fé 05 078C R 04
"

EB 25 90

80 OE 078C R 03
E9 OCF1 R

80 OE 078C R 04
E9 OCF1 R

F&6 06 078C R 20
74 00

80 26 078C R DF
80 OE 07BC R 01
E? OCF1 R

C7 06 0615 R 07C3 R

0A31 €3

0432
0A32
0437
0A39
0A3E
O3

DA4D
0445
0A4A

Cc-54

Fé 06 040C R 04
% F2
80 26 060C R FB
80 3E 040D R 43
7% 08

20 26 078C R FB
E? OCFL R

HONE CURSOR

<G en e .

HOME:
X0R AKX
JiP CHOVEEX

SET HALF INTERSITY

) wa e e

HALF_INTS
TEST  HON_ATT,04H
JHZ  SSTATY

R HOR_ATT, 04H
CHP HOHO_COLOR, 'C’
JHZ  SHALF1

H
i COLOR CRT

1

REAC_HI®
TEST  HON_ATT,OMH
JKZ  SHALFBG
TEST  CRTPARB+2,04H

i SHALF2
JIP - §_STATL
SHALF2:
0R CRTPARB+2,05H
JiP RETSTATL
SHALF1:
0R CRTPARB#2,04H
RETSTAT1
SHALFBG:
TEST  CRTPARB+2,20H
Jz 5_STAT1
AD  CRTPARB+2,0DFH
0R CRTPARB#2,01H
JUP RETSTAT1
!
i SET STATE 1 AGAIN
’
5.57aT1:

MOV STATE,OFFSET ST1

RET
i RESET HALF INTENSITY

?

RHALF _THT:
TEST  HOK_ATT,04H
Jz 557411
AND  HON_ATT,OFBH
¢ HONO_COLOR, 'C’
J RHALFC

7 HONOCHRONE CRT

i

RHALF1:
AND  CRTPARB+2,0FBH
JIP RETSTAT1

FCOLUNH O ROW ZERO
FSET CURSOR

FSEE IF HALF INTERSITY ALREADY SET
#JUNP IF TRUE

$SET HALF INTENSITY FLAG

$TEST FOR COLOR CRT

§JUMP IF HOT

FTEST FOR INVERSE ACTIVE

7JUHP IF TRUE

FTEST FOR RED ALREADY SET IN FG
#JUNP IF HOT

FRETURH TO STATE1 NO ACTION

$SET RED FG BIT + HALF INTENSITY
#SET ATTRIBUTE AND RETURM TO STATEL

FSET HALF INTENSITY FOR HONGCHROME

$TEST FOR RED IH BG
7JUMP IF RED SET

#SET RED BIT IN BG
$SET HALF INTENSITY

FTEST FOR HALF INTENSITY ACTIVE
7 NO ACTION IF HOT

FRESET HALF INTENSITY FLAG
$TEST FOR COLOR CRT

3 JunP IF TRUE

FRESET HALF INTENSITY IN ATTRIBUTE
FEXEC SETTING

®

C
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i COLOR

i
0a40 RHALFC:
0MD Fé 04 078C R 01

0852 4 07

0AS4 80 26 078C R FE

0AS7 Fé 06 080C R 01

0ASE 74 ES

0AS0 80 OE 078C R 20
0A6S E9 OCFIR

i
i
i
§

CRY

TEST

J2
AKD

TEST

gz

CRTPARB+2,01H

5_STAT1

CRTPARB+2, OFEH

HON_ATT, D10
RHALF1

i
7 THVERSE IS ACTIVE

1
0R
Jip

CRTPARB+2, 20H

RETSTAT1

SET INVERSE VIDEG

HOK_ATT, 018
S _STAT1
HON_ATT,01H

HOHO_COLOR, 'C*

SINV_VID1

’
j COLOR CRT

REV_COLOR
RETSTAT1

CRTPARB#2,01H

RETSTAT1

i
i RESET IHVERS VIDEG

HON_ATT,01R
§_STAT1
HON_ATT,OFEH

1ONG_COLOR, 'C’

RINV_VIDt

1
i COLOR CRT

REV_COLOR
RETSTATL

CRTPARR+2,0FEH

RETSTATY

APPENDIX C

FTEST FOR HALF INTENSITY ACTIVE

# IF ZERO —) HO ACTION

JRESET COLOR HALF INTENSITY BIT

$TEST FOR IMVERS ACTIVE

i IF ZER0 HALF INTENSITY WAS HOT ACTIVE

JRESET RED BACKGROUND
FACTIVATE ATTRIBUTE

FTEST FOR INVERS ACTIVE
3JUNP IF TRUE -} HO ACTION
iSET INVERS FLAG

FTEST FOR COLOR CRT

$JUnP IF HOHOCHROME

FEXCHANGE FG BG
FACTIVATE ATTRIRUTE

FSET INVERS BIT FOR HOMOCHROME [RT
FACTIVATE ATTRIBUTE

FTEST FOR IRVERS ACTIVE

i JUNP IF NOT ~-) RO ACTION
JRESET INVERSE FLAG

FTEST FOR COLOR CRY

JURP IF HONOCHRONE

JEXCHARGE FG BG
FACTIVATE ATTRIBUTE

RESET IHVERSE BIT FOR HOMGCHROME
FACTIVATE ATTRIBUTE

i SUBROUTINE REVERSING FOREGROUND AND BACKGROUND COLOR

DA THV_VIDEQ:
0A68 F6 04 D&OC R 81 TEST
0ASD 75 BC Nz
0AF 80 OE 040C R 01 0R
0A74 80 3E 040D R 43 chp
0A79 75 06 JHZ
'

0A78 EB DAAA R CALL
0ATE E9 OCFi R Jnp
0AB1 SINV_VIDL:
0AB! 8D OE O7BC Rk 01 0k
0AS6 E9 OCFL R JHp

'
0Ag? RINV_VIDEO:
0AB9 F6 06 04OC R 01 TEST
DABE 74 9B 3
0AS0 80 26 040C R FE AND
0495 80 3E 0600 R 43 e
DA%A 75 86 JRZ

'

DASC E8 DAAA R CaLL
0ASF E9 OCFLR Jie
0AR2 RINV_VIDL:
0AR2 80 26 07BC R FE AHD
DAN? E9 OCFL R JHp

'

i
DARA REV._COLOR:
0AMA 4D 07BC R fov
DARD. BA ED tov
OAAF 80 E4 EQ ARD
DAR2 DD EC SHR
0AB4 DO EC SHR
DABS DD EC SHR
0ABS 24 1C AND
0ABA DO ED SHL
08¢ D0 EG SHL

ALy CRTPARB+2
ARyAL
AH,0E0R

Al 1

Al 1

AR}

AL O1CH
ALyl

flyd

FAL=ATTRIBUTE
iCOPY 0 A
iSEPARATE BG COLOR BITS

7B6 BITS 1§ FG POSITION NOW
{SEPARATE FG COLOR BITS
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(ABE
0ACO
0AC2
DAC4
0AC?
DACD

OACE
OACE
0AD3

0ADS
0ADG
0ADB

OADE
OADE
DAE3

DAES
DAES
DAEB

OAEE
(AEE
0AF3

DAF6
0AFS
0AFB

OAFE
OAFE
0803

Cc-56

00 E0

0A C4

3 FC

80 26 D7BC R 03
08 06 078C R
3

80 OF 078¢ R 02
E9 OCF1 R

80 26 078C R FO
E9 OCF1 R

(4 06 0780 R 02
E? OB7E R

(8 06 0780 R D4
E9 OB?E R

6 06 0780 R 05
E9 OB7E R

C6 06 078D R 06
9 OB7E R

(6 D6 078D R 07
EB 77 90

SHL ALyd

0R ALsAH

XOR  AL,OFCH

ARD  CRTPARB+2,03R
0R CRTPARB#2,AL
RET

SET BLINKING

) e s o

BLIHK:
R CRTPARB+2,02H
JUP RETSTAT1

i
7 RESET BLINKING
i
R

BLINK:

AND  CRTPARB+2,0FDH

JiP RETSTATL

i ERASE TO END OF SCREEN

'

BLEOS:
MOV CRTPARB#3,2
Jip SESC

THSERT LINE

i
i
i
1

HSLIR:
N CRTPARB+3,4
P SESC

i

3 DELETE LINE

3

DELLIN:
1oV CRIPARB43,S
JHp - SESC

INSERT CHARACTER

bt o wn wn

CHR:
v (RTPARB+3,4
Jip SESC

DELETE CHARACTER
CHR:

Hov CRTPARB43,7
Jnp SESC

iFG BITS IN BG POSITION NOW
1AL HOLDS BOTH HOW
REVERSE THEN

FSET BLINKING
FACTIVATE ATTRIBUTE

JRESET BLINKING
FACTIVATE ATTRIBUTE
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i
i POSITION CURSOR
!
0BD& POSIT:
0B0s €6 04 Q4OF R FF HoV  DREQ,-t {SET DATA REGUEST FLAG
0BDB €7 D5 DADA R DB12 R WOV RADDR,OFFSET POSC1 FREQUESTERS ADDRESS
081t €3 RET
0812 POSCL:
0812 2¢ 20 SUB  AL,20H ROV 1 TRANSLATED T0 ZERD A.5.0. 9%
0814 3C 19 tHP AL RONS+L $TEST FOR OUT OF RAMGE
0816 73 03 JNB Po51  JunP IF UT
0B1B A2 O7BB R HOV  CRTPARB+1,AL  §SET HEN ROW
0818 €7 D4 04DA R 0822 R POS1: MOV RADDR,OFFSET POSC2 ;REGUESTERS ADDRESS
0821 €3 RET
0822 20 20 POSC2: SUB  AL,20H COLUNN 1 TRANSLATED TO ZERC A.S.0. 9%
0824 3C S0 cHp AL, SRIDTH FTEST FOR OUT OF RAMGE COLUMN
0826 73 03 JNB POS2 i JUne IF QU7
0828 A2 O7BA R HOV  CRIPARB,AL $SET HEW COLUMM
0828 Cé 04 06OF R 00 POS2: MOV ORED,0 FCLEAR DATA REQUEST
0830 C6 Q6 0780 R 08 HOV  (RTPARB+3,8  ;POSITION CURSOR AND VALID ATTRIBUTE LV
0835 EB 47 90 JiP SESC
1
3 SET / RESET REVERSE VIDEO AND BLINKING
]
0838 REVERSE:
0838 (6 Q6 O4OF R FF HOV  DREG,-1 $SET DATA REQUEST
DB3D €7 D& 0&DA R OB44 R HOV  RADDR,OFFSET RVO 5 AND REQUESTER'S ADDRESS
0843 (3 RET
0844 3¢ 30 RVG: P AL,D?
0B46 75 08 JAZ RV +JURP TF NO RESET OF THIS FLAG
0B48 EB 0AB9 R CALL  RIMV_VIDEO $RESET THVERSE VIDEO ’
0848 EG 0ADS R (ALL  RBLIMK $RESET BLINKING
OB4E EB 10 JHP SHORT RVE
0850 (Y
8s¢ 3¢ 32 P ALy'2 ;BLINKING TO SET ?
0852 75 03 JNZ RV2 i JUKP IF HOT
0BS54 EB OACE R CALL  SBLINK $5ET BLINKING
857 EB 07 JHP SHORT RVE
859 RV2:
0859 3¢ 34 cp ALt NOULD BE SET FLAG
858 75 03 I RVE HD ACTION IF HOT '4°
085D EB 0A48 R CALL  SINV_VIDEO +SET INVERSE VIDEQ
0860 C4 06 D&OF R 00 RVE: 1OV DRER,0 CLEAR DATA REBUEST
(B85 E7 OCFL R JiP - RETSTATI $SET STATE 1 AGAIN
]
3 Direct cursor positioning routine.
)
0868 E8 0935 R CuP:  CALL  GETOME 16et X position.
0848 FE CB EC AL
084D 8A FO HOV  DH,AL iSave in DH.
0B4F E8 0935 R CALL  GETORE 36et Y position.
0872 FE (8 DEC AL
0874 8A Eb Hov  AH,DH $AH=ROW, AL=COLUMR
0876 E9 094C R JiP - CHOVEEX +POSITION CURSOR
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0879 Cé 06 0780 R 81

0B7E BB 078A R
0881 C7 06 0615 R D7C5 R
0887 E9 DES3 R

0B8A C4 06 078D R 03
0BSF EB ED

0891 81 E9 0618 R
895 E8 0942 R
0898 3¢ 00
8o 75 09
089C EB 0ASY R
0B9F EB 0A32 R
0BA2 E8 0AD6 R
0BAS 3¢ 07
0BA7 75 03

- OBA? EB DAGB R
0BAC 3€ 05
OBAE 75 03
0880 E2 DACE R
0883 3C 01
0885 75 03
0887 EB 0A32 R
08BA 3C 08
0BBC 75 03
0BBE E& O9E3 R
0BC1 80 3E 060D R 43
0BC6 74 03
0BCB E2 CB
oBcA €3

0BC8 3C 1E
BC0 72 48
0BCF 3¢ 2F
0BDL 77 64
0803 3C 26
0BDS 74 60
0807 3C 27
0BD9 74 SC
0BOB 3C 28
080D 73 07

C-58

1
3 Erase all of screen.
i

ED: MOV
i SEND ESC SEQUENCE TO CRTPIN

CRTPARB+3,81H  CLEAR SCREEN AND SET ATTRIBUTE

-

SESC: MOV BX,OFFSET CRTPARB jBX=POINTER TO CRT PARANETER BLOCK
WOV STATE,OFFSET ST1 §5ET STATE 1 AGAIN
JiP CRIPIN FPERFORN FUNCTION

i Erase all/part of 2 line.
i

EL: HOV  CRTPARB+3,3
JiP SHORT SESC

FERASE TO END OF LIKE
FPERFORN FUKCTION

Special video modes.

“o e e

GGR:  SUB CX,0FFSET PARNS-1 ;CX NOR HOLDS NUMBER OF PARAMETERS
SGRX: CALL  GETPARNM iGet trinary comsand type.

4,14 AL,0 FTEST FOR RESET ALL ATTRIBUTES

M1 S6R1

CALL  RINV_VIDED
CALL  RHALF_INT
CALL  RBLINK
S6R1:  CHP  AL7
JHZ  SGR2
CALL  SIRV_VIDEQ
SGR2:  CHP  AL,S
JNZ  S6R3
CALL  SBLINK
SER3:  CHP AL,
JHZ  SeR¢
CALL  RHALF_INT
GGRe:  CHP AL,8
JHZ SRS
CALL  SHALF_INT

FRESET INVERSE VIDED

SRESET HALF INTEMSITY

FRESET BLINKING

{TEST FOR INVERSE VIDEC £

#SET INVERSE VIDEC
FTEST FOR BLINKING

$SET BLINKING
$TEST FOR BOLD OH

FREGET HALF IMTENSITY
$TEST FOR COHCEALED

$SET HALF INTENSITY

SERS:  CHP BYTE PTR MONO_COLOR,'C’ STEST FOR COLOR CRY
Jz SGRC i JUMP IF TRUE
LOOP  SERX $6ET NEXT PARAMETER
‘RET

i
i SYSTEN HAS COLOR CRT -- CHECK FOR COLOR SETTINGS

i
SGRC:  CMP  AL,30 FPARAMETERS ( 30 ILLEGAL

L) SGEXIT FORGET ¢ 30 OMES

P AL47 PARAMETERS ) 47 ILLEGAL

Ja SGEXIT $FORGET ) 47

P AL,38 738 AKD 39 ARE ILLEGAL TO%
Jz SGEXIT

(P AL,39

Jz SGEXIT

CHP AL,40 $TEST FOR BACKGROUND SETTING
JAE  56RBG 3JUNP FOR 4D OR ABOVE
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0BOF
GBE4
0BES
0BEB
OBEE
0BEF
0BF ¢

08F4
0BF8
0BFA
O0BFF
0cot
0C0}
0c03
0005
0¢oa
ocor
0COF
0c1
0cté
014
Be1C
0eic
(I[))
0025
(25
0024
0020
0c32
0034
0e37
0C38
0034
ac30
0C30

0C3E
0C3F
040
0c41
0C42
0r43
0C44
0C43
0¢46
o7
0c48
0049
0044
(et}
0e4c
004D
OC4E
0C4F

80 OE 040E R 02
8 05

80 OE D60E R 01
BB 0C20 R

07

F6 06 060C & 01
75 0B

A8 04
1
80 26 078C R FE
EB 09

AB 20
n 0y
80 26 07BC R FE

F& 04 DSOE R D2
75 08

80 26 078C K 1F
08 06 078C R
B 09

80 26 078C R E3
08 06 07BC R

C4 D& DSOE R 0D
E8 OCF1R

Fb 06 D6OC R D4
7% 03

EB D9F4 R

49

%03

E9 0B%3 R

€3

R BYTE PTR BG_FG,02H
JHP SHORT SGRCY

SGRBG: OR BYTE PTR BG_FG,01H
S6RC1: MOV BX,OFFSET COLOR_TBL-30
XLAT

TEST  MOK_ATT, QM
JNZ  SGRIRV

'
i CHECK FG FOR RED

1

TEST  AL,DAH

J SERCDO

AND  CRTPARB+2,0FEH
JHP SHORT SGRCDO

SGRINV:

TEST AL, 204

JNZ SGRCDO

AMD  CRTPARB+2,0FEH
S6RC00:

TEST  B6_FG,02H

JNZ  SGRSFG

AHD  CRTPARB#2,DIFH

R CRTPARB+2,AL

JHP SHORT SGRCEX
SGRSFG:

AND  CRTPARB+2,0E3H

O0R CRTPARB+2,AL
SGRCEX:

NV BG_FG,0

CALL  RETSTATY

TEST  MON_ATT, 04

Jz SGEXET

CALL  REACHI
SGEXIT: DEC (X

i SGREHDE

JiP §GRX
SGRENDE:

REY

i

3 COLOR TABLE

i

COLOR_TBL 08 00

DB 04H
08 0
e OCH
0B 104
0B 1HH
08 18H
02 1CH
B -1
I3 -1
08 OEOH
08 0COH
08 0AOH
0B 080K
08 080K
0B DADN
08 0204
] 0

APPENDIX C

FFLAG FOREGROUND DEFINED

$FLAG BACKGROUND DEFINED

iBX = BASE FOR COLOR_TBL

FTRANSLATE PARANETER INTO COLOR BITS
FTEST FOR IMVERSE ACTIVE

$JUHP TF TRUE

FTEST FOR FG RED SET
§JUNP IF HOT
{RESET HALF INT ATTRIBUTE BIT

FTEST FOR RED IN BG
iJUMP IF HOT
RESET HALF INT ATTRIBUTE BIT

FTEST FOR FG SETTIRG
iJUNP IF TRUE

iRESET B6 BITS FOR ORIKG
FSET NEW BG

{RESET FG BITS FOR ORIHG
FSET HEW F6

$RESET FLAGS
FACTIVATE HEW ATTRIBUTE
FTEST FOR HALF INT ACTIVE

SREACTIVATE HALF INT

SEXIT IF LAST FARAMETER PROCESSED
FGET BEXT PARAMETER

$BLACK  FOREGROURD
FRED FOREGROUHD
FGREEN  FOREGROUHD
FYELLOW  FOREGROUND
$BLUE  FOREGROUND
SNAGEHTA FOREGROUND
;CYAN  FOREGROURD
FWHITE  FOREGROUND
DURHY

HU

iBLACK  BACKGRAUHND
FRED BACKGROUHD
FGREEN  BACKGROURD
$YELLOW  BACKGROUKD
BLUE  BACKGROUND
MAGENTA BACKGROUHD
jCYAR  BACKGROUND
FWHITE  BACKGROUMD
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050 A1 078A R
0053 A3 D410 R
056 €3

0057 AL 0610 R
0056 E9 096C R

c-60

.
?
.
!
.
?
.
!’
.
'

pPSCP:

PROPS

Hov
Hov
RET
Hov
Jip

EXD COLOR TABLE

5ave / restore cursor position.

AX,WORD PTR CRTPARB jSet save cursor posit. mode,
SAVCRTPARB,AX  3SAVE CURRENT CURSOR POSITION

AX,SAVCRTPARB  jRestare last cursor save,
CHOVEEX POSITION CURSOR ¥{2¥
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0050
0050
0C62
0c45
0Cé4
0rs7
0C6A
acec
o
0c73
o

o
079
0c7B
0ce0
0082
083
et

oce7

6 06 0612 R 00
88 0614 R

1E

07

B8 0419 R

2 (8

80 3E 0617 R 00
B0

49

£8 0000 E

B FF

% 0C

80 3E 0609 & 29
74 05

bl

Kl

E9 05C0 R

%)

FRi:

FR2:

EFFK:

PUSH

APPENDIX C

Passing of FUNCTION KEY inforaation to keyhoard routine.

STRINGF,D iClear string flag.

BX,OFFSET PARNS+1

0§

£S JESBX now points to esc sequente.
AX,OFFSET PARNS jBegin of parameter buffer.

CXoAX 30X = Llength in bytes.

BYTE PTR CPRHPHTI,0
FK1 f0ut if no adjust necessary,

(44

def_fun iPass parameters to keyboard driver
AL= Status.

AL, 0FFH

FK2 10ut if no error,

INTTYPE, 29 SENTERED BY IHT 29H ?
FK2

BX $CLEAN STACK
BX
ERROR_12 $STRIKG NAS NOT CORRECT OR DID MDT FIT IN

¢ FUNCTION KEY BUFFER
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aces

0C88 A1 07BA R
0C8B FE (0
0CBD FE C4
OCBF BB OCC4 R
0092 E8 OCAE R

00es 43

0c96 43

0097 8A EO

0099 E8 OCAE R

0C9C €7 0& 00OD E 0009
0CA2 €7 D& 0000 E 0CC2 R
OCA8 8D DE DDOD E 20
ocan €3

OCAE

8CAE €7 07 3030
0CB2 80 EC 0A
0CBS 72 04
0(B7 FE 7
0cey €8 F7

0c8B

uces 43

0CBC 80 C4 04
0CBF 08 27
oecr €3

0ce2

0cc2 18
0ce3 58
0ccse 30
ety 30
0ccé 3B
oee? 30
acce 30
0cee 52
acca 00

0ce8

0CCB €4 06 040F R FF
0C00 €7 06 060A R DCOC R
0t06 €6 04 078D R 09
0coB (3

otoe

0CDC A2 O7BE R

OCDF €7 06 D4DA R OCES R
OCES €3

c62

€ e oo e

DSR:
Hov
INC
e
Hov
CALL

IR
INC
Hov
CALL
nov
Hov
0R
RET

THEX_ASCIT:
nov
THEX1: SUB

JB
INC

ANST CURSOR POSITION REPORT (DEVICE STATUS REPORT)

AX,HORD PTR CRTPARB ;AL = COLUHH, &H = RON (,-h\>
AL
] 740D 1 TO DEFINE HOME AS L1 P1
BX,0FFSET CPRJESS#2  SPOIRTER T0 ROM DIGITS IW CPR_NESS
THEX_ASCII FTRANSLATE AH (ROW HEX) TO TWO ASCII
FBYTES AND PLACE IN CPRNESS
BX
BX $HOVE POINTER TO COLUMN DIGITS
AHyAL FCOLUMR TO AH
THEX_ASCII i TRANSLATE

WORD PTR reanus,? ¥SET LENGTH OF NESSAGE FOR XEYBDARD
HORD PTR funcoff,OFFSET CPRIESS jNESSAGE POINTER FOR KBD
BYTE PTR flag_bufy20H $TELL KBD TO RETURW CPR_MESS

WORD PTR [BX1,3030H  FINITIALIZE DIGITS
A4, 10

LT10 7JUHP IF LESS THAN TEN
BYTE PTR [BX]

JHP-SHORT THEX1

LT10:
INC
00
0R
RET

EPR_HESS:

1]

LAY USIC:
Hov
Hov
Hov
RET

PH_FREQ:
1oV
tov
RET

HUSIC ROUTINE

BX

Ay 10 ()
BYTE PTR CBX1,H

7 CURSOR POSITION REPORT HESSAGE (ANSI)

1BH  ESC

I[ )

J0R jROR (TENS)

30 jROW (QHES)

i’ FDECIMAL SEPERATOR
300 FCOLUMN (TERS)

304 FCOLUNN (OKES)

IRD

00H FCARRIAGE RETURN

DREQ, -1 $ INDICATE REQUEST FOR MORE DATA
RADDR,OFFSET PH_FREQ FREQUENCY IS KEXT
CRTPARB+3,9 iCRTPIN ESCAPE CODE FOR HUSIC

CRTPARB+4,AL  §SET FREQUENCY
RADDR,OFFSET PM_TLENGTH STONE LENGTH IS HEXT
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0CES
OCES
0CE?
OCEE

0CFE
0CF1
0tF?
0CFC
OCFF

A2 O78F R
(6 06 DSOF R 00
E9 OBZE R

C7 08 0615 R 07CS R
(6 06 0780 R 80

88 0784 R

E9 OESR R

PH_TLERGTH:
KOV CRTPARB#3,AL  §SET LENGTH OF TOME
Hov  OREG,0 JCLEAR DATA REQUEST
Jip SESC 7SEKD SERUENCE TO CRTPIN

1 SET STATE { AND SET ATTRIBUTE .... STARTS LOOKING FOR ESC AGAIN

'

RETSTATL:
HOV  STATE,OFFSET ST!
MOV CRTPARB+3,B0f  HEW ATTRIBUTE 0
MoV BX,OFFSET CRTPARB 74
Jip (RTPIH i ¥
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0002
0002
0007
obog
ooac

ODOF
G00F
0012

0015
015
0D1A
01c
001F
021
0024
0024

0027
0027
0024
002c

02F

0031
0031
0036

038
OD3E
00é1
004t

0D47
- 047
0049
0049
D48
004C
OD4E
0052
D53
0055

c64

80 3E 0019 R 53
74 08

E8 OE1D R

E9 OSC7 R

£8 OEO4 R
E9 0507 R

80 3E Q019 R 53
% 08

E8 QE38 R
7503

E9 058C R

E9 0507 R

E8 0DAO R
[ER1]
E9 058C R

0600

80 3E 0019 R 93
%09

C7 06 GD2F R QE2C R
EB 07 90

€7 06 OD2F R 0D83 R

8 F7

268 AC

51

86 C1

FF 16 0D2F R
59

E2F4

E? 03C7 R

. we ~an

PRN_IKITS
e

7

CALL

"
PRUSER_INIT:

CALL
Jne

-y -

PRH_STA:

PRK_ROY_ST+
Jie

PRH_SERST:
CALL
JHL
Jup

- -

PRINTER INITIALIZATION

PRINTER_IF_TYPE,’S’ ;SEE IF SERIAL PRINTER IF 5%

PRHSER_INIT #JUnP IF SERIAL IF 0
PINIT 7 ELSE INIT PARALLEL 5%
EXIT FDOKE

SIOINIT FINIT SERIAL IF ¥
EXIT

Printer status routine,

PRINTER_IF_TYPE,'S" ;TEST FOR SERIAL OR PARALLEL 1/F
PRH_SERST #JUNP IF PARALLEL I/F

PISTATUS FGET STATUS OF PARALLEL I/F

PRN_RDY_ST 7JUNP IF PRINTER READY

BUS_EXIT FRETURN BUSY STATUS

EXIT FPRINTER READY

SRLSTAT jGET STATUS OF SERIAL I/F (::::)
PRH_RDY_S7 READY IF NOT ZERD

BUS_EXIT $RETURN BUSY STATUS

Printer write routine,

PRINTER_OUT OM O }ADDRESS POINTER FOR PRINTERS

i

PRH_NRT:
CHP PRINTER_IF_TYPE,’S’ jTEST FOR SERIAL OR PARALLEL I/F
JZ PRH_WR1 jJUHP IF SERIAL I/F
OV PRINTER_OUT,OFFSET P1CHROUT 3SET PARALLEL OUT POINTER
JUP PRE_WRTL

PRN_WR1:
ROV PRINTER_OUT,OFFSET SRLOUT {SET SERIAL OUT POINTER

PRH_WRTL:
Hov

PRH_4RX:
L0DS
PUSH
ACHG
CaLL
PoP
LooP
e

§I,D1 FDET DESTINATION T0 SOURCE

BYTE PTR ES:[SII {GET BYTE FROM TRANSFER ADDRESS

X #SAVE BYTE COUNTER

AL (L iPIN HEEDS CHARACTER IN CL K\__‘)
[PRINTER OUT1  5CALL SERIAL OR PARALLEL I/F

X FRESTORE BYTE COURTER

PRM_URX jLOOP TILL USER BUFFER THROUGH

EXIT 7DOHE
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0058 02 TIBDAYS: DB 2 DUP (D)
7
1
owsa ?? TINAING: 0B 7
s ?7? TINHRS: DB ?
st »? TIN JiSEC: 08 ?
sy 7 TINSECS: DB 2
H
3 Tine write routine.
H
GD3E TIH_VRT:
DDSE BE DDS8 R Hov
sl 81 F7 XCHe 51,01
0063 04 pUsH  E5
0084 8C D8 MOV AX,DS
s IF pop D8
D87 8 €0 NV ESyAX
D49 BY 0006 v X6
00sC F3/ Ad REP  HOVSB
0D6E B0 GO nov  ALD
0070 E9 DSC7 R Jip EXIT
H
7 Tine read rautine.
i
0073 TIN_RED:
0073 BE 0D58 R Hov
0076 B9 0006 Hov X6
0079 F3/ A4 REP  HOVSB
00?8 B0 00 v AL0
0070 E9 OSC7 R P EXIT

APPENDIX C

sHuaber of days since 1-1-80.

jinutes.

Haurs.

iHundreths of 3 secand.
1Seconds.

51,0FFSET TIN_DAYS

SI,0FFSET TIN_DAYS
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= 0060
= 0061
= 0063
= 0044
= 0088
= 0087

= 0011
= 0013

= 0001
= 0002
= 004
= 0008
= 0010
= 0020
= 0040
= 0080

g0 00
008t 00
0082 60

Cc-66

Lx i ad e el e R e Rl e s e e e s R e e e s R e e e R R R R s e s

R R R e e R N N e N e R R N R R s e Rz ]

FE st ittt ittt tidiiiitiiiiziiiszisiy

H *
i EQUATES used by the SER PIM ¥
i* %

HR il ittt it iiiiiraiciiiidiitiiiizeiitiity

.
1

PORT ADDRESSES FOR SERIAL IF RS232 (2651)

SPRDATA EQU 40K  ;READ DATA
SPRSTAT EBU  &1H  SREAD STATUS
SPRCOM EQU  &3H  FREAD COMMAKD
SPUDATA ERU  A4H  SWURTTE DATA
SPNMODE EQU 48 ;WRITE HODE
SPMCON EGU 674 SWRITE COMMAND

XOR-XOFF VALUES

XON  EQU U
XOFF  EQU 1M

STATUS EQUATES FOR SERIAL IF RS232 (2651)...BIT HAPPED

TXRDY EQU  OIH  ;TRANSMIT HOLDING REGISTER EMPTY
RXRDY EQU 024  SRECEIVE HOLDING REGISTER ENPTY
TXENT EQU Q46 ;CHANGE IN DSR OR DCD OR TRANSHIT
PARITY EQU  OBH  jPARITY ERROR

OVERRUN EQU  10H  ;OVERRUN ERROR

FRAMING ERU 200 FRANING ERROR

DD EQU  40F  ;DATA CARRIER DETECT

DSR EQY  8OW  DATA SET READY

—e e e

e wo wn

~o oo e

-s e

R R R R R R R ER RN RIEE

¥ VARIABLES 70 BE PROVIDED BY THE USER ¥

B ¥
PR R O R

i

H HIRS232 BYTE  BIT MAPPED : HUMBER OF STOP BITS

i PARITY EVEH OR ODD

i PARITY ENABLE OR DISABLE

i BITS PER CHARACTER

i ASYHC OR SYNC COMMUNICATION

i

i M2RS232 BYTE  BIT MAPPED 2 INTERNAL OR EXTERNAL CLOCKS

i BAUD RATE

i

i PVRS232 BYTE  OOH PROTOKOL VECTOR (FOR FUTURE EXPANSION)
i CURRERTLY DDR

i

P THE SERIAL INTERFACE

§

i

;xx(t*mmgimnm FRERERERELE
* ¥
¥ INTERNAL VARIABLES ¥
i* 1

FERKERCREXEXERRRE O REARRERRE R R RER LR R AR R AR AT R AR RS RARERNRE

.

’

SACTIVE ] 0 iSERIAL I/F ACTIVE FLAG
PACTIVE U] (1] FPARALLEL 1/F ACTIVE FLAG
XOFFFLG DB 0 FXOFF FLAG

'
»
H

J
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PR RO RO R
i H
H SERIAL INTERFACE PERIPHERAL INTERFACE MODULE x
i H

HRiiiii it iiid it diistizidiziidiiiitisiiiindissiiditidtiiitiiiiiittiiti]

SERTAL OUTPUT ENTRY POINT

- er = ws

083 BB QD7G R SRLOVT: HoY  BX,OFFSET 50_DISP_TBL
00Bé 4D QOIC R SIF_DISP: Hov  AL,PVRS232 $6ET PROTOCOL VECTOR
0089 00 EO SHL ALY $AL¥2.. . TABLE TYPE NORD
0088 98 By SEXPAND BYTE IN AL TO WORD IN AX
(08C 03 08 ADD  BX,AX 7BX = POINTER T0 ROUTIKE ADDRESS
ODBE FF 27 P [BX) #JUNP YO ROUTINE FOR DEFINED PROTOCOL
0090 GOFA R 50_DISP_TBL: DV SPAQUT
0092 QOFA R ] SPAOUT
0094 QDFA R W SPADUT
0096 CQOFA R ] SPAOUT
0098 Q0CA R SST_0ISP TBL: W SPADST
0094 0DCA R W SPADST
009C ODCA R W SPAOST
0DE 0DCA R oW SPADST
i
i SERIAL OUTPUT STATUS
i
0DAD BB 0098 R SRLGTAT: MOV BX,OFFSET SST_DISP_TBL
0DA3 EB E1 Jtp SIF_DISP §JURP TO ROUTINE ACCORDING TO PROTOLOL

GET IHPUT STATUS

i
i
i
§

0DAS F& 04 ODBO R FF PAIST: TEST  SACTIVE,-1 FTEST FOR SERIAL I/F ACTIVE

DA 75 03 JiT sPAIL 7 JUNP IF TRUE

0DAC EB OEO4 R CALL  SIOINIT FINITIALIZE SERIAL I/F IF REQUIRED

DAF E4 61 SPAI1: L] AL,SPRSTAT

0DBL 24 38 ARD  AL,OVERRUN OR PARITY OR FRAMING

0DB3 74 03 J SPAI2 §JUNP IF HOME OF CHECKED ERRORS OCCURED

UDB5 EB ODCY R CALL  TRERR jCALL ERROR ROUTINE, ERROR ENCOUNTERED
3 TH RECEIVER

0088 E4 41 SPAI2: N ALy SPRSTAT

D8R 24 02 AND  AL,RXRDY FTEST FOR CHARACTER RECEIVED

0DBC 74 02 i SPAI3 i JURP IF KoT

QODBE OC FF 0R ALy-1 iFLAG CRARACTER RECEIVED

e €3 SPAI3: RET

00c1 E4 40 TRERR: I AL,SPROATA FOUNNY READ

0003 E4 43 M AL,SPREOH SREAD CONMMAND BYTE

005 0c 10 0R AL, 1CH FRESET ERROR

0DE? Eb &7 OUT  SPRCOM,AL

ey €3 RET

O OO OO OO OO0 OO OO OO OO IO OMm OO OOTIOD™™ e
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000k
0DCF
ooo1
00D4
0007
0009
0ooe
000F

F& 06 0D8D R FF

503

E8 OEO4 R

EB ODAS R

% 04

EB ODF2 R

A2 D82 R

80 3E 0082 R 13
0

ODE4 74 09

ODES
0DE3
QDEA
ODEC
ODEE
ODEF
0DF1

00F2
ODFS
0F7
0DF?

O0FA
0DFD
QOFF
0E01
0E03

0E04
0E07
0EQ?
DEOC
(E0E
0E10
GE12

0E17

0ELC C

c68

E4 61
24 01
%02
0C FF
03

240
3

E8 0DAS R
% FB

E4 40

3

E8 0DCA R
B

8 (1

Eb 64

@

A0.001A R

Eb 66

40 0018 R

Eb 88

B0 37

E6 67

€4 06 0080 R FF

€6 06 0081 R 00
3

O OO OO OO OO T OO OO OO OO O OO OOMOO

i GET PRINTER STATUS

i
SPAOSTS TEST  SACTIVE,-1

JHZ Spal

CALL  SIOIRIT
5PALZ CALL  SPAIST

') 5PA2

CALL  SPAIN

MoV XOFFFLG,AL
§PA2: CHP XOFFFLG,XOFF

Jz §PA3

b AL,SPRSTAT
AND AL, TXRDY

7 o
0R ALy-1

SPA4: RET

P XA ALAL
RET

;

§ GET CHARALTER FRON INTERFACE

;

SPATH: CALL  SPAIST
2 st
M ALySPROATA
RET

;

 QUTPUT CHARACTER

SPAOUT: CALL  SPAOST
2 spaOuT
XHG  ALL
W SPDATALAL
RET

'

7 INITIALIZE THE SERTAL 1/0

v

SI0INIT: HOV  AL,MIRS232
OUT  SPUNODE,AL
MOV AL,M2RS232
0UT  SPUNODE,AL
NV AL,ITH
oUT  SPNCOM,AL
Hov  SACTIVE,-1

HOV  PACTIVE,O
RET

FTEST FOR SERIAL I/F ACTIVE

3 SKIP IHITIALTZATION IF TRUE
i INITIALIZE THE SERIAL I/F
FCHECK IRPUT STATUS

7JUSP IF HO INPUT

§6ET INPUT CHARACTER

F1EST FOR PRIMTER HOT READY
JUP IF XOFF .. PRINTER HOT READY

FTEST FOR TRANSHITTER READY
§ Junp 1F HOY
iFLAG TRANSHITTER READY

FLAG PRINTER HOT READY

FCHECK INPUT STATUS
FWAIT IF ZERD
JGET CHARACTER

FCHECK QUTPUT STATUS
FUAIT IF ZERD
FCHARACTER 70 AL
FOUTPUT THE CHARACTER

O

FGET FRAHING AND MODE

$0UT HODE 1 BYTE

7CLOCK AND SPEED

70UT MODE 2 BYTE

FEHABLE TRANSHITTER AND RECEIVER

7 SET DTR AHD RTS, RESET ERROR
FFLAG SERIAL INTERFACE AS ENABLED

jFLAG PARALLEL INTERFACE DISABLED
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O PHEEERO R R OO O
0 RO R B
¢
¢ 3 PARALLEL. INTERFACE (CERTRORICS)
c .
¢ ;mmmmmmmmmummmuuu*!u*umummmm**
C R OO
¢
[
(]
0 OO R R O
C H
C i EQUATES used by the PAR PIN *
[ 1 ] *
¢ ;mmnm!mmmmmmxmxmlmnxu*!immmummxu
[
¢
[
[ PORT ADDRESSES FOR PARALLEL I/F (CEWTRONICS)
¢ 3
= 0040 ¢ PBDA  EQU  40H  ;DATA PORT
= 0081 o4 PBSTA EQU &1 3STATUS PORT
= 0063 ¢ PaCON EQU 438 CONTROL PORT
€3
[ STATUS EQUATES FOR PARALLEL I/F (CEKTRONICS)
[
= 0020 ¢ BUSY EQU 200  §PRINTER BUSY
= 0002 [ POBF  EAU 028 SOUTPUT BUFFER FULL
(T T T T T T T e T T a e T LA TR LA AR e AT T O 0
T T T LT T e A T R R P T R T AR AR A AR LA P
[
¢ PARALLEL INTERFACE (CENTRONICS)
c .
¢ ;:m“m!mmnmmnmmumﬂiu&uuuimummmuﬁu
(T T T e et et T e R A ST AR A L T A P e A L T e E T
(]
€ INITIALIZE PARALLEL INTERFACE
(]
0E10 B0 AA ¢ PINIT: Hov AL, 0AAH
OEIF Eb 43 t 0UT  PBCOM,AL FINITIALIZE INTERFACE
0E21 €4 06 0D8O R QD ¢ MOV SACTIVE,O FDISABLE SERIAL INTERFACE
0E26 Cb 04 0DBL R FF c HV  PACTIVE,~ SFLAG PARALLEL 1/F AS ACTIVE
028 €3 ¢ RET
4
[
€ § OUTPUT CHARACTER IN (L
€3
0F2¢ E8 OE36 R ¢ PICHROUT: CALL  PISTATUS - jCHECK INTERFACE STATUS
OE2F 74 FB ¢ J PICHROUT i WAIT
0E31 86 C1 ¢ XCHG AL (L FCHARACTER T0 AL
DE33 Eb 40 ¢ 0UT  PBDAJAL $OUTPUT THE CHARACTER IN AL
0E3S €3 ¢ RET
C 3
C § GET PRINTER STATUS
[
OE36 F6 04 0081 R FF C PISTATUS: TEST  PACTIVE,~1 FTEST FOR PARALLEL I/F ACTIVE
DE3B 75 03 ¢ JHL  PISTAL §JUHP IF ACTIVE
QE30 EB OEID R ¢ CALL  PINIT INITIALIZE PARALLEL I/F
OE40 E4 &1 C PI5TAL: L] AL,PBSTA $6ET PRINTER STATUS
DE42 24 22 ¢ AND  AL,BUSY OR POBF
OE44 74 03 ¢ J1 PISTATX 1JUNP IF PRINTER ACCEPTS A BYTE
DE4S 32 CO 4 X0R  ALAL $2ERO INDICATES PRINTER HOT READY
OE48 (3 ¢ RET
¢
DE49 OC FF C PISTATX: 0R ALy-1 $KOT ZERD INDICATES PRINTER READY
0E4B €3 ¢ RET
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= 0000
= 0001
= 0002
= 0003
= 0004
= 0004
= 0005
= 0005

= 0018
= 050
= 0040
= 0080
= O00F

= 0040
= 00A1

Cc-70

O O O O OO OO OO OO OO OO OOOOOCC

Riidiiiitiiticiittiotiittiiisttd i istitstistiiitiiiiiiniieiioitsiizs

i ¥
i EQUATES used by the CRT PIN ¥
i ¥

§ BHEEREE RO R R R R RO E R E RN

1

+ EQUATES to the CRT Parasater Block (CRTPB) m
i -
(PB.COL EQU
CPB_ROM EAU
(PB_ATIR EQU i attribute
CPB_ESC EQU i PINt escape code

0 3 colum

1
2
3

CPB_FREG EQU 4 3 Husic frequency  ¥change 05%

4
b
H

¥ row

CPB_RESY EQU i reserved
CPB_FLER EQU i Length of Nusic frequency ¥change 05%
CPB_RES2 EQU j reserved

Y

i General EQUATES

1]

RONS  EQU A § Rows on the screen

SCNID EQU 80 i Screen width

CL_HASK EQU 04§ “Send Character” Mask

ATTR_MASK EQU  8OH i Set Attribute Bit of Escape Byte

ESC_MASK ERU  OFR i Nask to isolate Escape Code of Escape Byte

HACRO LIBRARY FOR HCR DN-5 GDC 15/11/82 10:00 WF

'GOC-EQUATES® 27/10/82 10:00 WF

READ ;
GOCSTA EQU  OAGH $STATUS PORT Q
FIFO EQ)  DAMH {G0C FIFO PORT ADDR

e

H
.
'
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= 00AD
= {i0At

= IFFF
= 0048
= 0024
= 0008

= 0001
= 0002
= 0004
= 0008
= 0010
= 0020
= 00¢0
= 0080

= 0000
= 0DE
= 006F
= (D4
= 0068
= 0D44
= 0049
= 0047
= 0048
= 004
= 004¢
= 0068
= 00EQ
= 0DC0

= 0070
= 0000

= 0020

= 0000
= 0010
= 0018

= 0000
= 0001
= 0002
= 0003

= 00A0

Y S I O I T O O O N I O O O OO O O OO O O OO O O OO OO OO OO OO OO OO OO CIIOT O

.
1

6DCPAR
eoccon

GRAEND
HRUAPL
WPL
LPC

.
’
.
1
.
1

WRITE
EQ)  DAGH PARANETER INTO FIFO
EQ 0AIH FCONHAND INTO FIFG

ORGARISATION OF GRAPHIC RAH
578 X 400 PIXELS

EQU 1FEFH $END ADDRESS OF GRAPHIC RAM
g 7 FNUNBER OF WORD ADDR PER LINE
EQU  HRWAPL/2 {WORDS / LINE

Equ 10 FLINES / CHARACTER

HEANING OF GDC STATUS BITS

DATRDY EQU  OM iA BYTE IS AVAILABLE 10 READ
FIFULL EQU  OH {FIF0 IS5 FULL
FIFENP EQU O iFIFO IS ENPTY
DRWINP EQU  O8H DRAVING IH PROCESS
DHAEXC EQU  IO0H jDHA DATA TRANSFER IN PROCESS
VERETR EQU 208 FVERTICAL RETRACE IN PROCESS
HORETR EQU  40H jHORIZONTAL RETRACE IN PROCESS
LIPDET EQU  8OH FLIGHT PER DETECT (ADDRESS VALID)
y
i
i COMNANDS
'
GOCRES EQU 0 iRESET - BLANK DISPLAY, IDLE HODE, INITIALIZE
VSYNCS EQU  O&EH #SLAVE HODE
VSYNCH EOU  04FH FHASTER HODE
CCHAR  EQU  O4BH FCURSOR & CHARACTER CHARACTERISTICS
START EQU  04BH iSTART DISPLAY & END IDLE HODE
000 EQU  D4EH $SPECIFY Z0OM FACTOR
(URS  EQU  O4%H $SPECIFY CURSOR POSITIOR
PITCH EQU  O47H FPITCH SPECIFICATION
HASKREG EQU  O4AH jLOAD HASK REGISTER
FIGS  EQU  O4CH FSPECIFY FIGURE DRAWING PARAMETER
FIGD  EOU  O&CH iSTART FIGURE DRAW
GCHRD EQU  D&BH FSTART GRAPHICS CHARACTER DRAW
CURD  EOU  OECH iREAD CURSOR ADDRESS
LPRD  EDU  DCDH $READ LIGHT PEN ADDRESS
!
PRAN  EQU  O70H iL0AD PARAMETER RAM
PRANSA EQU O FLOMER 4 BITS ARE STARTING ADDRESS IN RAN
i COMNARD + SA )
'
NDAT  EQU  020H JWRITE DATA INTO DISPLAY HEMORY
§( COMMAND + TYPE + MODE )
7DATA TRANSFER TYPES
TYWORD EQU O FHORD, LON THEW HIGH BYTE
TYLOBY EQU  O10H $LOW BYTE OF THE WORD
TYRIBY EQU  018H H1GH BYTE OF THE WORD
$HODE OF RHW HEMORY CYCLE
MOREPL EQU 0 $REPLACE WITH PATTERN
fHoconp EQU O ;CONPLEHENT
HORES EQU O $RESET T0 O
HOSET  EQU O3 FSET TO ¢
1
ROAT  EQU  OAOH iREAD DATA FROM DISPLAY HEMORY
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= 00Aé

= 0024

= oo

= 0000
= 0002
= 0020

= 0000
= 0008
= 0009

= 0000
= 000¢

= 0000
= 0010

0E4C 00
OE4D 00
OE4E 00
OE4F 00

0E50  00cO
0ES2 00
0ES3 00
0ES4 0000
0ES6 00
0ES7 00

c-72

O O O O O O O O O T O OO O OO OO OO OO OO OO OO OO OO O OO OIS ™™™

HIXGAC
GRAMOD
CHANOD

NOTHTL
IHLRPF
INTLAC

SATRN
DYNRAN

DRWALL
DRURET

EQ  OA4H
B 02
PARANETERS
RESET

Ew 0
EQU O
EQU 02
E 0208
1T
EQU  OBH
B O%H
B0
EQr 04
B0
EQU 0108

7 COMMAND + TYPE )
FTYPES AS AT KDAT

DA READ REQUEST
3 COMMAND + TYPE )
FTYPES 45 AT WDAT

;0MA WRITE REQUEST
§( COMMAND + TYPE + MODE )
TYPES AND HODES AS AT NDAT

HODE OF OPERATION SELECT BITS
3¢ RESNOP + DISPLAY + FRANE + DYHRAR + WINDOU )
DISPLAY HODE

FHINED GRAPHICS & CHARACTER

16RAPHICS HODE

FCHARACTER MODE

FVIDEO FRANING

FHON-INTERLACED

{INTERLACED REPEAT FIELD FOR CHARACTER DISPLAYS
3 INTERLACED

2DYHANIC RAM REFRESH CYCLES ENABLE

M0 REFRESH - STATIC ReM

FREFRESH ~ DYNAMIC RAN

FORAVING TIKE WINDOY

DRAMING DURING ACTIVE DISPLAY TIME AND RETRACE
FORAVING ONLY DURING RETRACE BLAHKING

#ex (RT PERIPHERAL INTERFACE MODULE  DATA AREA

CURSOR POSITION VARIABLES

§ %xex UARNING ## for performance reasons these bytes are sosetises loaded
in pairs!!

CURCOL
CURRON

ATTRIBUTE DB

08
DB

OUTCHAR DB

5P1
LP11
LP12
5p2
LP2i
LP22

w
08
]
]
08
08

0
0
0
0

0
0
0
0
0
o

DEFINITION OF CRT PAGE VARIABLES

i START OF PAGE 1

3 LENGTH OF PAGEL LOW
i LENGTH OF PAGEL HIGH
i START OF PAGE 2

3 LENGTH OF PAGE2 LOW
7 LENGTH OF PAGE2 HIGH
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(ES8
0E38
0E59
0ESA
QESB
0EC
0ESD
0Eé1
063
QEé6
QE69
QEéB
OEéD
QEéF
DE7t
OE74

88 OE OE4F R
8 07

3 OEACR

3h 47 03

A8 FF

L]

A8 80

"o

8A 67 B2

88 26 OE4E R

P O O OO OO OO OO OO0 O

APPENDIX C

Hiiziidiitiidiiidsisititis ittt st intitii s ititiz iz iittidiiititiitili]

HJ
1]
H

CRT Peripheral Interface Module ¥
]

Hiiitiiiiitidsteddizitiiisiiititiidattesiagttattizsnititiiintiliiisintsid

€ ws = we s e wu we wn = wo

RPN
PUSH
PUSH
PUSH
PUSH
PUSH
Hov
Hov

This tedule is a harduare dependent) Operating Systea independent driver
for CRT display output

Entry Paraseters:
(L = Character to be QUTPUT
BX = Address of CRT Psraseter Block

Exit: ALl registers unchanged

DX + SAVE ALL OF THE REGISTERS WE WILL BE WORKING UITH

OUTCHAR, CL i GAVE OUT CHARACTER IR MEMORY FOR LATER REF
AX,CPB_COLEBX]
WORD PTR CLRCOL,AX 3 ALSO SAVE RON/COLUMH IN MEHORY

AL, (PB_ESCEBX]

AL, OFFH i

DO_OUTCHAR 7 IF ESCAPE = 0 THEN JUST GUTPUT CHARACTER
ALATIRJIASK 5

D0_ESC i JUMP IF N0 SET ATTRIBUTE SPECIFIED

AH, CPB_ATTRLBX] §
ATIRIBUTE,AH 5 SET ATTRIBUTE BYTE
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0E78 DO _ESC:

0E78 24 OF AHD  AL,ESC_HASK

DE7A 74 OE Ji TEST.VID.OUT  § SKIP ESCAPE PROCESSING IF NO ESCAPE FUNCTION
0E7C DO EO SHL ALt 7 FOR TABLE REFERENCING

0E7E 98 BN 7 EXPAND AL INTO AH

DE7F BE OEEA R MOV SI,OFFSET ESC_TABLE

OEB2 03 FO AD  SLAX 3 AX = ADDRESS OF ESCAPE ROUTINE ADDRESS
€84 93 PUSH  BX 7 SAVE CRT PARAMETER BLOCK ADDRESS

0EBS 51 PUSH X 7 SAVE CHARACTER TO OUTPUT

0E86 FF 14 CALL  WORD PTR [SI1 ; PERFORM ESCAPE FUNCTION

Q0E88 59 pop X 3 RESTORE CHARACTER AMD CRTPB ADDRESS
OE8Y 9B POP  BX

DEBA TEST_VID_ouT:

OEBA Fé 47 03 40 TEST  BYTE PTR CPB_ESCIBX1,CL_MASK

OESE 74 IF Jz CRT_EXIT

0E90 D0_OUTCHAR:

OE90 60 3 OE4C R 50 (P CURCOL,SCWID 5 COLUMN ) 807

0ESS 79 03 LA )1 i JUNP IF HO

OE97 EB 120D R CALL  SCLUP4 # ELSE SCROLL UP SCREEM

OE9A 01:

OV DX,MORD PTR ATTRIBUTE ; DH=0UTCAR DL=ATTRIBUTE
CALL  WRGCHR

0E9A 8B 16 OE4ER
OE9E E8 OFOB R

OEA] FE 06 OE4C R INC CURCOL
OEAS 80 3E OE4C R 50 ¢nP CURCOL,SCNID
OEAA 72 03 JB CRT_EXIT
OEAC EB 115CR CALL  BHPCR1 i IF CURCOL)BE, BUMP CUR
QEAF CRT_EXIT:
OEAF SE POP SI
0EBO SA pPop DX
0EB1 59 POP o
0EB2 5B pop  BX
DEB3 A1 OE4C R nov AX,40RD PTR CURCOL
0EBS 89 07 Hov CPB_COLTBX2,AX § Restore CRTPB COL/RON to latest state
OEB8 58 POP AX
089 €3 RET
1
j¥#¢ High Perforaance Screen Nrite HIP_OUT
1
i Entry Conditions ~ BX = CRTPB Address
H (L = Character to OUTPUT
H Exit Conditions - BX - Preserved
H AXy CXy DX - Destrayed
H CPB_COL and CPB_RON fields of CRTPB updated
1
OEBA HIP_OUT: 3 *Additn of HIP_OUT Routine-Change ¥04
OERA 8B 07 Hov AX,CPB_COLLBX] § #Performance Optimized #1.09%
QOEBC A3 OE4C R Hov WORD PTR CURCOL,AX + Set-up CURCOL, CURROM, OUTCHAR fields

OEBF 88 OE OE4F R MOV OUTCHAR,CL

0EC3 §3 PUSH  BX

OEC4 80 3E OE4C R SO CiP CURCOL,SCNID i COLUMN ) 807
0EC9 75 03 N H i JUNP IF KO

0ECB EB 12(0 R CALL  SCLUP% § ELSE SCROLL UP SCREEN
QECE His

OECE 8B 16 OE4E R
0ED2 ES OFOB R

HOv  DX,NORD PTR ATTRIBUTE 5 DH=QUTCAR DL=ATTRIBUTE
CALL  WRGCHR

O O O O I O O O OO O OO O OO OO OO OO OO OO OGO OO OO OO ™™D

0EDS FE 06 OE4C R INC  CURCOL

OED? 88 3E DE4C R 50 P CURCOL,SCWID

O0EDE 72 03 JB W2

OEED EB 115C R CALL  BNMPLR1 i IF CURCOL)8D, BUMP CIR
OEE3 H2
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OEE3 5B ¢ poP
OEE4 AL OE4C R [ nov
QOEE7 89 07 ¢ Hov
DEE? €3 ) RET

¢

3

(]

[
OEEA ¢ ESC_TABLE:
OEEA OFCA R ¢ ]
OEEC 126D R ¢ o
OEEE 1224 R ¢ w
OEF0 1209 R ¢ o
0EF2 12FB R ¢ ]
O0EF4 129F R ¢ w
DEF6 1199 R ¢ ]
OEF8 1105 R ¢ ok
OEFA 1171 R 4 o
OEFC 1187 R 4 ]
OEFE OF0A R ¢ ]
OF00 1254 R ¢ w
0F02 COFQA R ¢ w
OF04 OFOA R 4 w
OF06 COF0A R ¢ o
OFDB OFOA R C o

[

¢ jxxx HOOP

¢ 3
OFDA ¢ HD_OP:
0F0A €3 ¢ RET

C 3

¢

C i

(]

[

[

[

[

¢

[

[
QF08 ¢ WRGCHR:
OFOB E4 AD [ S SIS ]
0FOD 24 02 ¢ AND
OFOF 75 FA ¢ iy
OFif B0 20 ¢ Hov
OF13 E6 AL 4 out
OF15 E4 AD ¢ XXt IN
OF17 24 02 4 AHD
OF19 75 FA ¢ JKL
OF1B 84 Cb 4 Hov
OF1D E§ AD ¢ ot
OFIF E4 AD ¢ XXt: IR
0F21 24 02 ¢ AND
0F23 75 FA ¢ JIRZ
O0F25 8A (2 ¢ v
0F27 E6 AD ¢ out
0F29 C3 ¢ RET

[

APPENDIX C

BX
AX,WORD PIR CURCOL
CPB_COLLBX],AX

i Undate CRTPB with CURCOL and CURRON

1
;%% Escape Table - Routines will be called indirect using the escape code ¥ 2

3s an offset to the routine address

OFFSET(R0_OP)
OFFSET(VCLEAR)
OFFSET(CLEOS)
OFFSET(ICLEOL)
OFFSET(SCROLLON)
OFFSET(SCROLLUP)
OFFSETCINSCHR)
GFFSET{DELCHR)
OFFSETWRITEPOS)
OFFSET(NUSIC)
OFFSET(NO_OP)
OFFSET(ILF)
OFFSET(NO_OP)
OFFSET(HO_0P)
OFFSET(NO_OP)
OFFSET(H0_OP)

SIMPLY RETURKS IF ESCAPE CODE HOT IMPLEMERTED

WRGCHR, RDGCHR  MRITE AND READ GRAPHICS CHARACTER ROUTINES
WRITE OR READ OKE CHARACTER TO/FROM GDC IN MIXED HODE

#xx  WRGCHR - Write Graphics Character

ENTRY - DL = ATTRIBUTE
Di = CHARACTER

AL,6DCSTA

AL,FIFULL

X1 jLOOP UNTIL FIFD KOT FULL
AL,NDAT OR TYNORD OR HOREPL

6DCCON, AL $SEND COMHARD TO 6DC
AL,6DCSTA

AL/FIFULL

X146 FLOOP UKTIL FIFO KOT FULL
ALy DH

GDCPAR, AL $5SEND PARAMETER T0 6DC
AL,60CSTA

ALy FIFULL

X7 $LO0P UNTIL FIFO ROT FULL
AL, 0L

GOCPARy AL 75SEND PARAMETER TO &0C
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¢ jex%  RDGCHR - Read Graphics Character
[ ENTRY - HOHE
[ EXIT - DL = ATTRIBUTE
[ DH = CHARACTER
C 3 AL destroyed
[
0F28 ¢ RDECHR:
0F24 E4 AD c Xxx22 IN AL,6DCSTA
0F2C 24 82 ¢ AND  ALFIFULL
OF2E 75 FA ¢ JHZ  XX2 $LOOP UNTIL FIFO HOT FULL
OF30 BO 4C ¢ Hov  AL,FIGS FIGURE DRANIKG PARAMETER
0F32 Eb AL ¢ oUT  GDCCOM,AL $SEND CONMAND TO 6DC
0F34 E4 AD C XX18: 1IN AL,60CSTA
OF36 24 D2 ¢ AND  AL,FIFULL
OF38 75 FA 4 M X8 LOOP UNTIL FIFO HOT FULL
OF34 B0 02 ¢ nov M2 DIRECTION = 2
OF3C E6 AD ¢ 0UT  GDCPAR,AL §SERD PARAMETER T0 &DC
OF3E E¢ 4D C XXi9: 1IN AL,E0(STA
OF40 24 02 4 AND  AL,FIFULL
OF42 75 FA ¢ JEZ XX19 $LOOP UNTIL FIFO HOT FULL
QOF44 B0 01 ¢ Hov ALyl =1
OF46 E6 AD 4 0UT  GDCPAR,AL $SEND PARANETER TO GDC
OF48 E4 AD C XXz IR AL, 6DCSTA
OF4A 24 02 ¢ AND AL FIFULL
OF4C 75 FA 4 M X3 FLODP UNTIL FIFO HOT FULL
OF4E 8D 4D ¢ MOV AL,RDAT OR TYWORD READ WORD FRON DISPLAY HEMORY
QFS0 E6 AL 4 OUT  GDCCOM,AL SEHD COMMAMD T0 €DC
OF52 E8 OFBF R ¢ CALL  INPAR 7 GET ASCII CHARACTER
OFS5 84 FO ¢ MOV DHAL
OF57 E8 OFBF R ¢ CALL  INPAR 3 GET ATTRIBUTE
OF5A 84 DD 4 Hov  DL,AL
OFSC €3 8 RET
[
C jaxx SPCLEARY  ENTRY: BX = Cursor Posistion
€3 . X = Ho. of bytes to clear
t 3
[
OF3D ¢ SPCLEARL:
OF5D 03 D9 ¢ ADD BX,CX
OFSF 81 FB 0700 4 CHp BX,D700H
OFé3 76 OE ¢ JBE  SPCLEAR? 3 JUNP IF ENTIRE REGION TO CLEAR WITHIN 1ST PG
OF65 81 EB 0700 4 SUB  BX,07008
OF&9 E8 OF73 R ¢ CALL  SPCLEAR2
OF6C 88 CB ¢ v Cx,BX
OF6E 33 0B 4 X0R  BX,BX yZERD OUT BX
OF70 E8 OFE4 R 4 CALL  SETCUR!
0F73 ¢ SPCLEAR2:
OF73 49 [4 ] [#3
0F74 E8 1010 R ¢ CALL  SETHSK
OF77 E4 AD C Xx¢: 1IN AL, 6DCSTA
0F79 24 02 ¢ ARD AL FIFULL
OF7B 75 FA [+ RV ¢ O3 LOOP UNTIL FIFO NOT FULL
0F7D B0 4C ¢ NV AL,FIGS
DF7F E6 AL ¢ i) GDCCON,AL $SEND CONMAND T0 €DC N
OF81 E4 4D ¢ XX20: 1IN AL,6DCSTA
OF83 24 02 ¢ AHD  ALGFIFULL
OF85 75 FA ¢ JNZ Xx20 $LOOP UNTIL FIFO HOT FULL
QOF87 80 02 [+ v aLy2
0F89 E6 AD ¢ OUT  GDCPAR,AL SEND PARANETER TO GDC
OF8B E4 AD C Xx21: M AL, 6DCSTA
OF8D 24 02 ¢ AND  ALFIFULL
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jLOOP UNTIL FIFO HOT FULL
$SEND PARAMETER TO 6DC

3LOOP UNTIL FIFO KOT FULL
SEND PARANETER TO 60X

$LOOP UNTIL FIFO HOT FULL
FSEND COMHAND T0 GOC

LOOP UHTIL FIFO KOT FULL
$SEND PARAMETER TO 60C

7LOOP UNTIL FIFO KOT-FULL

APPENDIX C

Eex NHAT ABOUT COLOR? wx

$SERD PARANETER TO GDC

i READ GDC STATUS

i AND NAIT IF HO CHARACTER READY

§LOOP UNTIL FIFO NOT FULL

$SEHD PARANETER TO GOC
7 BUNP TO NEXT PARAMETER

i LOOP UKTIL CX PARAMETERS HAVE BEEW SENT

10.5Y8

OF8F 75 FA ¢ NLTAN $ 731

OF91 84 C1 4 nv AL

OF93 Eé A0 c 0UT  GDCPAR,AL

OF95 E4 AD C o2 I AL,6DCSTA

OF97 24 02 C AMD  AL,FIFULL

OF99 75 FA C H X2

OF9B 8A (5 ¢ Hov ALy CH

OFD Eb 40 o 0T GDCPAR,AL

OF9F E4 AD ¢ xa: IR AL, GDCSTA

OFAL 24 02 ¢ AND AL FIFULL

OFA3 75 FA ¢ ML XX

OFAS B0 20 ¢ MOV AL,WDAT OR TYNORD OR MOREPL

OFA7 E6 At ¢ 0UT  GDCCOM,AL

OFA? E4 AD C Xx23: W AL,6DCSTA

OFAB 24 02 ¢ AND  AL,FIFULL

OFAD 75 FA ¢ JNL XX23

OFAF B0 20 ¢ HOV  AL,020H

OFB1 E& AD ¢ 0UT  GDCPAR,AL

OFB3 E4 AQ C 24 IN AL, GDCSTA

OFBS 24 02 ¢ ARD AL, FIFULL

OFB7 75 FA ¢ JHZ XX

OFBY AD OE4E R ¢ NV AL,ATTRIBUTE

OFBC E6 AD ¢ 0UT  GOCPAR,AL

OFBE €3 4 RET
[

OFBF C IHPAR:

OF8F E4 A0 ¢ b} AL, GDCSTA

OFC1 24 01 ¢ AND  AL,DATROY

O0FC3 74 FA ¢ Ji INPAR

OFCS E4 A1 ¢ N ALFIFD

OFC7 (3 3 RET
Cj
¢ j%x SENPAR SEND PARAMETERS TO SCREEN
¢ ENTRY: BX = ADDRESS OF PARAMETER
[ CX = LENGTH
€ 5  EXIT: AL,BX,(X ARE DESTROYED
(] AHyDX  ARE PRESERVED
€3

OFC8 C SEHPAR:

OFC8 E4 AD ¢ x5 N AL,GDCSTA

OFCA 2402 - c AND  AL,FIFULL

OFCC 75 FA ¢ JNZ o XX25

OFCE 8 07 ¢ Hov  AL,0EBX)

OFDD ES A0 ) QUT  GDCPAR,AL

0FD2 43 C e B

OF03 E2 F3 ¢ LOOP  SEKPAR

OFD5 (€3 4 RET
[
C jexe SETCUR - SET CURSOR
¢ EHTRY:  BX=GDC-CURSOR POSITIOR
[ EXIT:  AL,BX destroyed
¢ 3 CXDX preserved
[

0FD6 ¢ SETCUR:

(0FD6 03 IE OESO R ¢ A0 BX,5P1

OFDA 81 F8 0700 ¢ (P BX,07D0H

OFDE 72 04 C J8 SETCURL

OFED. 81 £8 0700 ¢ SUB  BX,07DOH

(11333 C SETCUR1:

OFE4 E4 RO C et I AL,GDLSTA
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OFE6
OFE8
QOFEA
OFEC
OFEE
OFFD
OFF2
DFF4
OFF4
OFF8
OFFA
OFFC
OFFE
1000
1002
1004
1006
- 1008
1004
100¢

% 0
75 FA
80 49
E4 A1
£ A0
% 02
75 FA
B 03
£ AD
E4 A
2% 02
)
8 €7
E6 A0
E4 A
2% 02
75 FA
200
£6 A0
E8 1010 R

100F €3

1010
1010
1012
1014
1016
1018
1014
101¢
10E
1020
102
102¢
1028
1028
1024
102¢
102E

102¢
102F
1031
1033
1035
1037
1039
1038
1030
103F
1041
1043

c-78

E4 AD
24 02
WFA
B 44
E6 M
E4 40
2% 02
5 FA
BO FF
E6 AD
E4 A0
%0
75 FA
B0 FF
Eé A0
03

E4 A0
2402
5 FA
B0 4C
E6 A1
E4 40
2% 02
9 FA
B0 02
E6 4D
E4 AD

O O O I T O O I O O O O O T O O OO OO OO OO OO OO OO OO OO OO ™™™

XX26:

XX27:

XX28:

AND
JKZ
fov
our
¥
AKD
JHZ
Hov
our
i
AND
JHZ
Hov
ot
N
AHD
JHz
X0R
our
CALL
RET

AL, FIFULL

XXé $LOOP UNTIL FIFO HOT FULL
AL, CURS

Goecon, AL FSEHD COMMAND TO 6DC
ALEDCSTA

AL, FIFULL

XX26 $LOOP UKTIL FIFO HOT FULL
AL,BL

G0CPAR, AL FSERD PARANETER T GDC
ALyGDCSTA

ALy FIFULL

xX2? 3LOOP UKTIL FIFO KOT FULL
AL,BH

GDCPAR, AL 5END PARAHETER T0 60C
AL, GDCSTA

AL,FIFULL

XX28 ;LOOP UNTIL FIFO HOT FULL
ALyAL

GDCPAR, AL $SEND PARAMETER 70 GDC
SETHSK

'
j¥ex SETHASK ROUTINE (AL destroyed, all other registers preserved)

y

SETHSK:
XXz

XX29:

XX30:

.
!
.
H
.
H
.
?
.
’
.

ROLIH:
XX8:

3N

XX32:

n

AHD
JHz
Hov
ot
H

AND
JHZ
Hov
ot
N

AHD
JHZ
Hov
our
RET

H
#x¢ ROLIN

AL, GDCSTA

AL, FIFULL

X7 $LO0P UNTIL FIFQ HOT FULL
ALy HASKREG

GOccon,AL $SEND CONMAND TO GBC
AL,EDCSTA

AL, FIFULL

XX29 FLOOP UNTIL FIFO HOT FULL
ALy-1

GDCPAR, AL SEND PARAMETER TO 60C
AL,6DCSTA

ALFIFULL

XX30 $LOOP UNTIL FIFO HOT FULL
ALe-1

GDCPAR,AL FSEND PARAHETER T0 6DC

READ 1 ROW INTO LINBUF

Entry registers: none
Exit registers: AL, BY, CX destroyed

(]

DX preserved

AL,GDCSTA

AL, FIFULL

XX8 LOOP UNTIL FIFO HOT FULL
AL,FIGS

goecon, AL FSEND CONMAND 10 6DC
AL,E0CSTA

AL, FIFULL

XX31 $LO0P UNTIL FIFO HOT FULL
ALy2 FDIRECTION = 2

GDCPAR, AL 7SEND PARAHETER T0 6DC
AL,6DCSTA
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10.515
M5 % 02 ¢ KD
1047 75 FA ¢ N
1049 BO 50 t oV
1048 E6 AD ¢ our
104D E4 AD C o
A 2% 02 ¢ )
1051 75 FA ¢ W
1053 32 €0 ¢ XOR
1055 Eb AD ¢ ouT
1057 E4 A0 ¢ owe: I
1059 2 02 ¢ AKD
1058 75 FA ¢ Nz
1050 B0 AD ¢ Hov
105F E6 Al ¢ our
1061 BB 071 R ¢ Hov
1064 B9 00AD ¢ Hov
1087 ¢ ROLINL:
1067 EB OFBF R ¢ CALL
1064 88 07 ¢ oV
106 43 ¢ N
1060 E2 F8 ¢ LooP
106F €3 ¢ RET

¢

¢

¢

¢

¢ kit

¢

¢ s
1070 ¢ WRLIN:
1070 E4 40 ¢ e W
072 % 02 ¢ AKD
07 75 FA ¢ Nz
1076 B0 4C ¢ OV
1078 6 AL- ¢ ou
1078 E4 AD Cow: I
107 2% 02 ¢ AND
107E 75 FA ¢ N
1080 B0 02 ¢ Hov
1082 E& AD ¢ ot
108 E4 40 ¢ owes: I
1086 24 02 ¢ AND
1088 75 FA ¢ 2
1088 32 €0 ¢ X0R
108C E6 AD ¢ our
108E E4 AD Cowe: I
1090 2 02 ¢ AN
1092 75 FA ¢ Mz
10% 32 €0 ¢ XOR
109 E4 AD ¢ out
1098 E4 A0 ¢ o I
109 2 02 ¢ AND
109C 75 FA ¢ N
109E 80 20 ¢ Hov
1000 E A ¢ our
10A2 BB 0714 R ¢ oV
1045 B9 00AD ¢ Hov
1088 C WRLINL:
1048 E¢ AD Coxar I
108 24 02 ¢ AND

APPENDIX C

AL FIFOLL
XX32
ALy80
GOCPAR,AL
AL,6DCSTA
AL, FIFULL
X33
ALyAL
GOCPAR, AL
AL, GOCSTA
ALFIFULL
X9 $L00P UNTIL FIFO NOT FULL
AL RDAT
GOCCON, AL
BXyOFFSET LIKBUF
X, 160

INPAR
OCBX2yAL
BX
ROLIN?

FLOOP UNTIL FIFO NOT FULL
FLENGTH = B0 WORDS [LHAR + ATTR
FSEKD PARAMETER T0 6OC

FLOOP UNTIL FIFO MOT FULL

FSEND PARAMETER TO 6OC

FSEND COMMAND To &DC
; FOR READ LOOP

s WRLIN  WRITE 1 ROM INTO GOC

Entry registers: none

AL, BXy CX destoyed
DX preserved

AL,6DCSTA
ALyFIFULL
XX10
ALyFI6S
&econ, AL
AL,GDCSTA
ALyFIFULL
XX34 $LOOP UNTIL FIFO KOT FULL
ALy2
GDCPAR, AL
AL,GDCSTA
ALFIFOLL
XX35
AL,AL
GOCPARyAL
AL,GDCSTA
ALyFIFULL
XX3b
ALyAL
GDCPAR, AL
AL,GDCSTA
AL,FIFULL
i $LOOP UNTIL FIFO NOT FULL
AL,UDAT OR TYMORD OR HOREPL

$LOOP UNTIL FIFO KOT FULL
iSEND COMHAND TO GOC

$SERD PARAHETER TO 60C

$LOOP UNTIL FIFO MOT FULL
$SEND PARAHETER T0 6DC

FLOOP UNTIL FIFO HOT FULL
FSEND PARAMETER T0 6C

Goceon, AL FSEND COMHMARD TO GDC
BX,OFFSET LINBUF

X160 i FOR WRITE LOOP

AL, GOCSTA

ALyFIFULL
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10AC 75 FA ¢ T A ¥ 14 $LO0P UNTIL FIFO HOT FULL
10AE BA 07 ¢ HOV  AL,0CBX]
1080 E6 40 ¢ OUT  GDCPAR,AL $SEND PARAMETER T0 GOC
1082 43 t (I
1083 E2 F3 ¢ L00P  WRLINI 0
1085 €3 ¢ RET
C
C j#%% CUROFF  ROUTINE TO TURN CURSOR OFF  (destroys AL}
(]
1085 ¢ CURDFF:
1085 E4 AD ¢ I AL, GOCSTA
1088 24 02 ¢ AND  AL,FIFULL
108 75 FA ¢ N7 1§ V] ;LOOP UNTIL FIFO HOT FULL
10BC 8O 4B ¢ nov  AL,CCHAR
108E E6 AL ¢ 0UT  GDCCOM,AL $SEND CONMAND TO GDC
1000 E4 AD C X3 I AL,GOCSTA
1062 24 02 ¢ AND  AL,FIFULL
1004 75 FA ¢ M X3 ;LOOP UNTIL FIFO HOT FULL
105 B0 OF ¢ HOV  AL,OFH
10(8 E6 4D ¢ 0UT  GOCPAR,AL $SERD PARANETER T0 &DC
1oca €3 ¢ RET
L3
¢ ;e CURON ROUTIHE TO TURN CURSOR ON  {destayes AL)
c .
108 C CUROK:
108 E4 AD o R TR (] AL,GOCSTA
1000 24 02 ¢ AMD  AL,FIFULL
10CF 75 FA ¢ WL X3 ;LOOP UNTIL FIFO HOT FULL
1001 BO 48 C MOV AL,COHAR
1003 E6 AL ¢ ouT  GDCCOM,AL $SEND COMMAKD TO GDC -
1005 E4 AD CoXxp: W AL,6DCSTA (:;::)
1007 24 02 ¢ AND  AL,FIFULL
009 75 FA C M X3 ;LOOP UNTIL FIFO NOT FULL
1008 BO &F c Hov  ALOSFH
100D Eb AD ¢ OUT  GOCPAR,AL $SEND PARANETER TO GOC
100F E4 AD ¢ oXxem: IN AL,GOCSTA
10E1 24 02 ¢ AND  AL,FIFULL
10E3 75 FA ¢ Nz X0 $LOOP UNTIL FIFO KOT FULL
10E5 B0 (E ¢ KOV AL,OCEH
10E7 E6 AD ¢ 0UT  GOCPAR,AL $SEND PARANETER T0 6OC
10E9 E4 AD € Xx41: I ALyGDCSTA
10EB 24 02 ¢ D ALFIFULL
10ED 75 FA ¢ RN+ 13 ;LOOP UNTIL FIFO HOT FULL
10EF 80 72 c NV AL,072H
10F1 E4 4D t OUT  GOCPAR,AL $SEND PARAMETER TO 6D
10F3 €3 3 RET
[
C ¢ INITA0O  INITIALIZE SCREEN PAGE VALUES
C .
10F4 ¢ INITID:
10F4 33 €0 ¢ X0R  AX,AX
10F6 A3 OESO R C Hv  SPL,AX
10F9 A3 OES4 R ¢ nOV  5P2,AX i START OF PAGES 1 AND 2 = 0
10FC A2 DES? R c nov  LP22,AL 3 LENGTH OF PAGE 2= 0
10FF €4 06 OES3 R 19 ¢ Hov  LP12,25 ; LENGTH OF PAGE 1= 25
1104 E4 AD A ST (] AL, EDCSTA (\~_,)
1106 24 02 ¢ AND  AL,FIFULL
1108 75 FA ¢ N WXl sLOOP UNTIL FIFO HOT FULL
1104 B0 4C ¢ HOV  AL,FIGS
1100 E6 AL C 0UT  GDCCOMAL FSEND COMMAND TO 6DC
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10.5Y5

110E
110
12
1
1118
1118

1119
1419
1118
13813
1
1125
1128
1120
1130
1132
1135
1138
1138
1
113¢
113E
1140
1142
1144
1144
1149
14¢
114F

1150
1150
1154
1159
1158
15¢
115¢
1161
1163
1164
1164
1169
1180
1170

1
1un
JIVH)

E4 AD
2% 02
7 A
B0 02
E6 AD
%]

3308

BY 0050

E8 1293 R

88 iE OESD R
83 €3 50

89 1E OESO R
FE OE OES3 R
7506

ES 10F4 R

EB 05 90

FE 06 OES7 R

E4 AD
%02

75 FA

B0 70

Eé At

89 0008
BB OESD R
E8 OFCE R
3

FE 06 QE4C R
80 3E OE4C R SO
7301

03

80 3E OE4D R 47
501
]

6 06 OE4C R 00
FE 06 OE4D R
E8 1171 R

3

88 1E QE4C R
E8 117C R

A R e e R e e Rl e e e R R R N e e R R e e N N R R e R N N e e R N R N N R e e R e e R R R e R R ks Rz

e N
AKD
JNZ
Hov
ot
RET

-

'

SCROLLXs
XO0R
Hnov
ALt
Hov
ADD
Hov
DEC
Jhz
CALL
Jnp

SCROL2:
N

SCROL1:

XX15: N
AND
Nz
tov
out
Hov
Hov
CALL
RET

.
i
.
i
.
i
.
i
.
i
B

UMPCLR:
INC
cip
JAE
RET

BHPCRI:

op
JHZ
RET

BHPCR2:

nov

INC

CALL

RET

.
1
»
'
.
'
.
!
.
!
.
’

RITEPOS:
Hov
CALL

¥ WRITEPOS

APPENDIX C

AL,6DCSTA

AL,FIFULL

Xx42 7LOOP UNTIL FIFO HOT FULL
ALy2

GOCPAR, AL FSERD PARAHETER T0 GOC

SCROLL ROUTINE

BX,X i START OF PAGE 1
CX,80

SPCLEAR

BX,5PY

BX,80

5P1,BX

LP12

SEROL2

INIT1O

SCROLL

P22

#L,6DCSTA

AL, FIFULL

XX15 " 3LOOP UNTIL FIFD HOT FULL

AL, PRAMD $5CROLY SENDS THE 8 BYTE SCREEN PAGES IKFO
GhCCon, AL FSEND COMMAND TO 6DC

X,8

BX,OFFSET SP1

SENPAR

#xx BUNPCUR - BUMP CURSOR AND UPDATE CURCOL & CURROW

CRTPB WILL BE UPDATED WITH THESE VALUES
BEFOR EXITING THE CRTPIN

CURCOL
CURCOL, SCVID
BHPCR1 3 JUnP IF CURCOL+1 IS GREATER THAN 80

CURRON,ROUS-1

BHPCR2 i IF WE ARE ON LAST RON, DO HOTHING (WILL BE
i CHECKED LATER FOR SCROLLIHG)

CURCOL,0

CURROW

WRTTEPOS

KRITE CURSOR POSITIOR ROUTINE

ENTRY: NOKE

EXIT: ALy BX  -DESTROYED
AHly CXy DX -PRESERVED

BX,¥0RD PTR CURCOL
URHLPOS 3 COMPUTE ADDRESS IH CRT BUFFER
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1178
1178

1o
117¢
umn
117F
1181
1183
1185
1186

1187
1187
1189
118C
118F
1192
1195
1198

1199
1199
19¢C
119E
1102
1A
1147
1184
1184
1148
114E
1181
1182
1183
1184
1187
11BA
1188
118C
118D
118F
1101
1104
1165
105
1107
11CA
11CE
1101

c82

E8 OFD6 R
3

30
80 50
Fé E7
32 FF
03 D8
38

81 06

E8 0000 E
8h 4F 04
E8 0000 E
8h 4F 05
EB 000D E
3

E8 11FB R
un

8A 3E OE4D R
B3 4E

E8 117C R
EB 1086 R

53

E8 OFD6 R
E8 OF24 R
B

43

53

EB OFD6 R
E8 OF0B R
9B

48

4B

FE €9
BE

EB 10CB R
43

B6 20

E8 OFDS R
8A 16 OE4E R
EB OFOB R
E8 1171 R

O O O O O O O O O O O O O O O O O O OO O OO O OO IO OO OO OO O IO OO OO CIMITIC ™M™

CALL
RET

¥ WRHLPOS

v ee wa o wn wa wn

]
£
2

PUSH
Hov
HuL
XO0R
ADD
POP
RET

! .

jHeE NUSIC

’

HUSIC:
Hov
CaLL
Hov
CALL
Hov
CALL
RET

e INSCHR

CALL
n
Hov
Hov
CALL
CALL
INSCH1:
PUSH
CALL
CALL
poP
IH
PUSH
CALL
CALL
pOP
0EC
DEC
DEC
Nz
CALL

N
BLANK_ONE:
Hov
CALL
Hov
CALL
CALL

SETCUR

COMPUTE ADDRESS NITHIN CRT-BUFFER
ENTER - BL = COLUMN
BH = RON
EXIT - BX = ADDRESS IN CRT BUFFER
AXy CX, DX -PRESERVED

AX

AL,SCNID 7 CHARS/RON IN AL .

BH 7 NULTIPLY BY ROW KO. - RESULT IN AX

BH;BH iBi=0

BX,AX 7 NOW BX IS CORRECT POSITION IN CRT BUFFER
AX

PLAY HUSIC

CL,06

BD_0UY 5 CALL KEYBOARD PIf WITH MUSIC FUNCTION CODE
(L, CPB_FREQLBX]

KBD_OUT # SEHD FREQUENCE TO KEYBOARD

(L CPB_FLEBX]

KBD_0uT 7 SEHD LENGTH' OF FREQUEWCE TO KEYBOARD

INGERT CHARACTER ROUTIKE

TEST_P0S

BLAKK_ONE

BH, CURROW

BL,SCNID-2

NRHLPOS i GET CHARACTER POINTER IN 8X
CUROFF 7 SWITCH CURSOR OFF

BX

SETCUR i SET CURSOR
ROGCHR 7 GET CHARACTER
BX

SETCUR # SET CURSOR
7 SET CHARACTER

(L 7 DECREHENT COUNTER
TNSCHL § LOOP UNTIL ZERD
CURON 7 SWITCH CURSOR ON

0y ! 7 CHARACTER REQUIRED IN OH
SETCUR § SET CURSOR

DL,ATTRIBUTE  § GET ATTRIBUTE

VRGCHR 7 CLEAR CHARACTER
WRITEPOS i SET CURSOR
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1051
% €3 t RET

€

C e DELCIR

¢
1105 ¢ DELCHR:
105 €8 11FB R g CALL

¢
1408 74 EB ¢ a
A 43 ¢ INe
108 EB 1085 R ¢ tALL
HOE ¢ DELCHR1:
ME 53 ¢ PUSH
LOF €8 OFDS R ¢ CALL
1E2 EB OF24 R ¢ CALL
HES 58 ¢ POP
HE6 48 ¢ DEC
HE? 53 ¢ PUSH
HEB B DFDS R ¢ CALL
11EB E8 OF0B R ¢ ¢ALL
UEE 5 ¢ POP
{1EF 43 ¢ N
1HF0 43 ¢ IHe
1FL FE C9 ¢ EC
1F3 75 E9 ¢ L
UF5 E§ 1008 R ¢ CALL
1F8 4B ¢ OEC
1F9 EB CA ¢ Jip

¢

C jeee TEST_POS

¢ s

¢

¢

¢
1178 ¢ TEST_POS:
1FB 88 IE OEAC R ¢ Hov
11FF £ 117C R ¢ CALL
1202 B 4F ¢ Hov
1204 2 OF OEAC R ¢ 5UB
1208 €3 ¢ RET

¢

C g HOLEOL

¢ 5
1209 ¢ ICLEOL:
1209 8 IE OE4C R ¢ Hov
1200 84 EB ¢ HOV
120F B0 50 ¢ Hov
21 N L5 ¢ SUB
213 % 14 ¢ Jz
1215 8 (8 ¢ nov
2y 2 ¢ XOR
1219 51 ¢ PUSH
1214 A0 OE4D R ¢ Hov
121 84 F8 ¢ Hov
12IF E8 117CR ¢ CALL
12 5 3 POP
1223 E8 1293 R ¢ ¢ALL
122 E8 1718 ¢ ¢ALL
129 €3 ¢ ICLEOL RET:

¢

APPENDIX C

DELETE ONE CHARACTER

TEST_POS i RETURNS® CL = NO, OF POSITIONS TO MOVE
i BX = ROWKBO4COL
i IF SET IF ZERO POSITIONS TO MOVE

BLANK_OHE i EXIT IF HOWE TO MOVE

BX i START AT PRES + 1

CUROFF 7 SWITCH OFF CURSOR

BX

SETCUR i SET CURSOR

ROGCHR 7 GET CHARACTER

BX

BX

BX

SETCUR i SET CURSOR

NRGCHR 3 SET CHARACTER

BX

BX

BX

(L * § DECREMENT COUNTER OF CHARACTER TO MOVE

DELCHRL 3 LOOP UNTIL ZERO (#Corrected 1.07%)

CURON ; SWITCH ON CURSOR

BX

BLARK_ONE

RETURKS CURSOR POSITION AND LENGTH
ENTRY REGS® HOKE
EXIT REGS: BX = CUR POSITION (ROWx80+COL)
(L = LERGTH T0 HOVE
IF SET 70 ZERO MEANS NO CHARACTERS T0 MOVE!

BX,HORD PTR CURCOL 3 BL = COLUNN ; BH = RON

NRHLPOS # COMPUTE ADDRESS WITHIM CRT BUFFER
CL,SCNID-1 3 TEST IF CURRENT COLUNN = SCWID-1
(L, CURCOL 3 CL = COURY

ERASE T0 END OF LINE

BL,CURCOL
CHyBL
AL,SCRID i
AL, CH H
ICLEOL _RET
CLyAL
CHyCH

X

AL, CURROW
BH,AL
WRHLPOS 3 BX = ADDRESS OF CHARACTER IN CRT RAM
X 3 CX = HUMBER OF BYTES TO CLEAR
SPCLEAR i CLEAR

WRITEPOS

RET

i CURRENT COLUMR HUHBER TO CH AND BL

SUBTRACT COLUMN KUMBER FROM SCREER WIDTH TC
GET HUMBER OF BYTES T0 CLEAR

3 CX = HUMBER OF BYTES T0 CLEAR
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1224 BO 17

122C 2A 06 OEAD R
1230 7% 1A

1232 8A 3E OE4D R
123 fEC?

1238 3218

1234 E8 UTCR
123 B2 50

123F Fé E2

1241 88 (8

1243 EB 1086 R
1244 EB 1293 R
1249 EB 1008 R
124

124C E8 1209 R
124F (3

1250

1250 €7 06 GE4C R QOO0
1256 EB H71R

1259 €3

1254

1254 A0 OE4D R
125D FE €0
125F 3 18
1261 73 07
1263 A2 OE4D R
1266 E8 UTL R
1249 €3

1264

1264 EB 67 90

1260

126D E8 10B6 R
1270 E8 10F4 R
1273 €8 H3C R
1276 B8 0000
1279 89 0700
127 E8 1293 R
127F E8 1250 R
1282 ES 1DCR R
1285 €3

1284

1286 B3 50
1288 Fé E3
1284 8B D8
128C B9 00SO

C-84

R R R N R e R R R R R N N R e N R R R R N R R R e e N R e R R e R R N R e R e R e R R R el e N el Rl e e e e s R e e R R R e

€ s ran

=
]

nov
AL
RET

i
jeeé ILF

Hov
IHC
P
JAE
Hov
CALL
RET

Jup

ILF:

jee VCLEAR

M

VCLEAR:
CALL
CALL
CALL
Hov
Hov
CALL
CALL
CALL
RET

!

j¥¢x CLRLIN

1]

LRLIN:
Hov
L
Hov
Hov

CLEAR FROM CURRENT ROW TO END OF SCREEN

#L,RONS-1 3 CALCULATE HUMBER OF ROHS TO BE CLEARED

AL, CURROM F)
(LEOS1 ; IF ZERD, JUST CLEAR CURRENT ROW ,
BH, CURROW

BH § BH = CURRENT ROW + 1

BL,BL $BL=D (COLLUMN D)

VRHLPOS

DLySONID

o i AX = HUNBER OF BYTES TO CLEAR

Oy

CUROFF ; SITCH OFF CURSOR

SPCLEAR § LLEAR TO SPACES

CUROH i SWITCH ON CURSOR

10LE0L

PHYSICAL HOME CURSOR

WORD PTR CURCOL,0 i ZERD OUT CURCOL AND CURROW
WRITEPOS

INTERNAL LINE FEED

AL, CURROW (:_—:)
AL

AL, RONS
1LF1
CURROM, AL
WRITEPDS

SCLUP3
CLEAR SCREEN; HOME CURSOR

CUROFF 3 CURSOR OFF
IRITI0
SCROLE § INITIALIZE PAGES
2,0
CX«RONS*SCHID+SENED
SPCLEAR 5 DO IT TO THE SCREEN
THOHE
CUROH 5 TURH CURSOR BACK ON
i ¥6x ADDITION OF RETURN ¥ Change 1.09 ¥*

CLEAR ROW (AL) TO SPACES

BL,SCHID (\__,)

BL i CALCULATE ABSOLUTE CURSOR PASITION
BX)AX  § AND MOVE IT TO BX
CX,SCHID
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SPCLEAR

ENTRY: BX - START ADDRESS IN CRT RAH
CX ~ K0, OF BYTES 70 CLEAR
EXIT: ALL REGISTERS DESTROYED!

10.5Y8
126F E8 1293 R ¢ CALL
1292 @3 4 RET

(]

€ jexx GPCLEAR

¢

C i

Ci
1293 C SPCLEAR:
1293 98 ¢ KoP
1204 E8 OFD6 R c CALL
1297 90 ¢ NoP
1298 EB OFSD R ¢ CALL
1298 E3 1171 R ¢ CALL
129 3 ¢ RET

¢

¢ jaex SCROLLUP

¢

¢

¢
129F ¢ SCROLLUP:
129F A0 OE4D R ¢ Hov
1202 0A €0 ¢ 0R
120 74 20 ¢ J
1206 B8A EB ¢ Hov
1248 80 17 ¢ Hov
1208 24 C5 ¢ SUB
128C 24 11 C Ji
126E BA (B ¢ Hov
1280 ES 1086 R ¢ CALL
1283 ¢ SCLUPz
1283 E8 1323 R ¢ CALL
1286 FE (5 ¢ THC
1288 FE (9 ¢ DEC
1288 75 F7 4 JHI
128C E 10CB R ¢ AL

(]
12BF ¢ SCLup2:
128F B0 17 ¢ Hov
1201 EB 1286 R ¢ CALL
1264 (4 06 CE4C R 00 ¢ 1oy
1209 EB 1171 R ¢ CALL
120C €3 ¢ RET
1200 C SCLUP4:
1200 €7 06 OEAC R 1700  C Hov
1202 ¢ SCLUP3:
1203 E8 1086 R ¢ CALL
1206 BB 0780 ¢ Hov
1209 ES OFD6 R ¢ CALL
120 E8 102F R ¢ CALL
120F BB 0780 ¢ Hov
12E2 B9 0050 4 Hov
1265 E8 1293 R ¢ CALL
1268 EB 1119 R C CALL
1268 88 0780 ¢ oV
12EE EB OFD6 R ¢ CALL
12F1 E3 1070 R ¢ CALL
12F4. EB 10CB R 14 ol
12607 E8 1I7L R o (ALL
12F (3 ¢ RET

¢ 3

1419
SETCUR § SET CURSOR

18
SPCLEARL
WRITEPOS

EXIT REGISTERS:

i
i
i
i ENTRY REGISTERS: HOKE
i
§

4L, CURRON
ALyAL
SCLUP3
Ry AL

AL, ROWS-1
AL,CH
SCLUP2
(L,AL
CURDFF

HURON
CH

oL
SCLUPY
CUROR

AL, RONS-1
CLRLIN

CURCOL,0
URTTEPOS

WORD PTR CURCOL, 1700H

CURDFF
BX, 24480
SETCUR
ROLIN
BX,24%80
CX,80
SPCLEAR
SCROLLX
BX,24x80
SETCUR
WRLIN
CURCR
WRITEPDS

ALL REGISTERS DESTROYED!

i CH = ROV HO.

(L = H0. OF RONS TO HOVE
TURN OFF CURSOR

.
'
.
1

i ROW HO. IN CH

i INCREMERT ROW NO.
i DECRENENT KO. OF RONS TQ HOVE

3 TURN CURSOR BACK ON

i CLEAR LINE

; LOAD COL/RON WITH 0/23 ¥ CHANGE 05

#03% 1OV CH corrected to HOV (X
CLEAR STATUS LINE

Cc85
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12FB
12FB
12FE
12FF
1301
1303
1305
1307
1304
1304
1300
130F
1311
1313
1316
1314
1317
1314
131F
1322

1323
1323
1324
1326
1328
1324
1320
132F
1331
1334
1337
1339
133¢
133F
1340

1341
1341
1342
1344
1346
1348
134h
134C

c-86

A0 OE4D R
]

Bl 17

24 (8
%1

B3 18

E8 10B& R

E8 1341 R
FE (D
FE (9
BF
E8 10CB R

8

E8 1286 R

(4 06 OE4C R 00
E8 171 R

3

3

8A €5

B1 50

Fé E1

% 00

05 0050
88 D8

E8 OFD6 R
E8 10XF R
88 DA

EB OFDS R
E8 1070 R
59

03

31

BA (S
81-50

Fé E1

88 D8

88 00

E8 OFDé R

O O O O I O O O O O O O OO O OO O O OO OO IO O OO OO IO OO OO OO OO OO O™

j#x# SCOLLDK - SCROLL DOWN - ENTRY REGISTERS: HONE

i EXIT REGISTERS: ALL DESTROYED!
'
SCROLLD:
Hov AL, CURRON
PUSH  &X
Hov CL,RONS-1
5uB (LyAL 7 CL = RONS T0 NOVE
JZ SCLOR2
Hov CH,ROVS-2 3 CH = ROR 70 START  *Change D&%
CALL  CUROFF
SCLON1: )
CALL  HDROW
0EC  CH
DEC (L
JNZ SCLDRL
CALL  CURON
SCLON2:
PoP AX
CALL  CLRLIN 3 CLEAR CURRENT LINE
Hov CURCOL,0
CALL  WRITEPOS
RET
Y
j#4% HUROW  MOVE ROW UP - MOVE ROW [CH+13 TO ROW CH
'
H Entry Register: CH = Row
H Exits CX - Preserved (Both CH and CL must be preserved!)
H AX, BXy DX Destroyed
1
HURON:
PUSH X
Hov AL, CH
Hov CL,SCHID
HuL L 7 X = ROW % CHR/RON
HoV  DXyAX
ADD AX,SCNID 3 AX = (ROM1)#{CHR/RON)
Hov BX,AX i DX = ROW B; BX = ROW B+1
CALL  SETCUR 3 CURSOR TO THE START OF ROW B+l
CALL  ROLIN 7 READ IN A ROW (CHAR AND ATTRIBUTE)
nov  BX,DX 1 ROW SET CURSOR TO START OF ROW B
CALL  SETCUR
CALL  WRLIN 7 WRITE OUT A ROW
pop %4
RET
1
j#x¢ HDRON  MOVE A ROM DONN
y
H Entry: CH = rov nusber
i Exit?  AX, BX, DX destroyed
1 X preserved
7
HDROW:
PUSH  CX
Hov AL, CH
Hov CL,SCNID
UL oL 3 HULTIPLY ROW RO, TIMES CHAR/ROM
Hov BX,AX
BV DX,AX
CALL  SETCUR 7 SET CURSOR TO START OF ROM B

O
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134F E8 102F R
1352 8B DA

1354 83 (3 50
1357 E8 OFD4 R

— 135 E8 1070 R
1350 59
35 3
135F

N

OO O

(SEG

CALL
1oV
ADD
CALL
CALL
POP
RET

ENDS
EHD

ROLIN
BX,0X
BX,SCHID
SETCUR
WRLIN

oX

APPENDIX C

; READ IN A RON TO LINBUF

3 SET CURSOR TO START OF ROM B+
i WRITE ROV IN LINBUF

c87
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Structures and records:

Hane Vidth ¢ fields
Shift Width Mask  Inmitial
I0DAT. o o e v w o arnasoan 0016 0009
CHOLEN & v o v v e 0o e 0 0o 0000
1] S 0004
CMDe v e v e v evvvunsnn 0002
STATUS o e s s s v e v aoane 0003
HEDIA. v v ¢ o o e v v e v v un oo
TRAMS. o o e o v v e v o ans 000E
COUNT, o v e v e v v nnwnns 0012
BEGIH. ¢ v v s v v e v s o ne 0014
Segeents and groups?
NHaae Size  alisn cosbine class
CoE6 v v v s nnnnnnsnns 135F  PARA  PUBLIC 'CODE’
Syabals:
Naae Twpe  Value Attr

ANSI_ESC_SEQ L §ORD 0005  CSEG

ATTRIBUTE. « o v v v 0 0 v v v e L BYTE OE4E  CSEG
ATTRAASK. « v o v 0 s v o v v Husher 0080

AUSTRALIA. « v v o 0 v 0 0 v o s L HEAR 0346  CSEG

AUXDEY o « o s v s e v awsas L NEAR 0488  CSEG

AXTBL v v o v 0 o v v e v v ns L NEAR O4EA  (SEG

AXINT. o v i e e e es e ne L HEAR 054D  CSE6

BACKSP o v v v v v v e nn v n s L HEAR 0948  CSEG

- L NEAR 09A2  CSEG

BEFG o v v v a s a v v s L BYTE 080E  CSEG

BIOSSEG. v o ¢ o o 0 s 0 a0 0 Husber 0040

. L NEAR 0989  (SEG

BKSP2, o v o 0o 0o e e n o L NEAR 0987  CSEG
BLARKOKE. « v v o v v 0w v v L NEAR 11C5  CSEG

BLEOS. o v o 0o 0o noaann L HEAR DADE  CSE6

BHPCRE o v v v v v e v v w0 n s L HEAR 115  CSEG

BIPCR2 o o o v o v v 0w ww a s L HEAR 1184  CSE6

L L NEAR 1150  C5E6

) Husber 0020

BUSEXIT v v o v v a o v 0w v L HEAR 038C CSEG  Global
CARADAZ: o o o o v v e nwn s L HEAR 0349  (SEG

CARRET v v v o v v v v v v v n e L HEAR 0908  (SEG

CBACK: o oo v o enmens L NEAR 0994  CSEG

CORAR. v v v o v v v v v v v Husber 004B

CONTCH & & & [P L HEAR 0BA7  CSE6

COONH. o v v v v vt n o nw o L NEAR 0978  (SEG

CFORM. o s s o e a0 e noans L NEAR 0988  CSEG

CHANOD & v v o v v 0 v 0w v 0 s Husber 0020

CHRTRH v v v o v v v 0 n a e L HEAR 088B  (5E6  Global
CHTRANS. v v o v v v v v e v o e L NORD 0613  CSEG  Global
CLEAR_L. v v e e v e s e wnva L BYTE 0223 (566  Global
CLEAR2e o v o v e v o e v nn L BYTE 0233 (SEG  Global
CLEOS, v v v v oo v o nnoen L HEAR 1224  CSEG

CLEOS & v v v v v v v w v e us L NEAR 124C  CSEG

L L NEAR 1288  CSEG

CLMASK. o v v s e v e v e a v Husber 0040

c-88
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CHDTABL, . .
CHOVEEX. . .
¢ | PP
CRTCEB . . .
CHTFD. . . .
COLOR_TBL. .
CONTBL . »
COHOEV . . .
CONOUT . .
CONTBL . . .
COR_INT. . .
CON_WRIL . .
COR_WRIT
(PB_ATIR
Pg_COL. .
CPB_ESC.
CPB_FLEN .
(PB_FREQ
CPB_RES1
(PB_RES2
CPB_ROV. .
CPR_MESS .
CRTACTTBL.
CRTPARB. .
CRIPIN . .
CRTTBL ,
CRTEXIT . .
CRT_SB_FUKCT

CRT_TR_TABLE .

CTABLEN. . .
CB. . v w s
. ..
CUF. . o
o] P
weL. ..
CURCOL. .
CURD « .
CUROFF .
CURON. . .
CURPOS . .
CURROM . .
CURS .+ o &
. ...
DANSK. . .
DATRDY . .«
De. o v s
OCHR &« &
DEC_SIGH_1
DEC_S16H 2
OEFFK. .+ .
DEF_FUM. .
DELCHR . .
DELCHRL. «
- DELLIK .
DEVSTART . .

e e s 8 ® = @« ® ®» 2 = a ®» sz & 8 = > = w = a3 =

DHAEXC .
IR . .
o . .
DOESC . .
00_OUTCHAR

e = % 8 %= ® e @ = » ® e % a @ ® e » * ® = 8 = = v s = 8 ® s =

e T T T )

" e & « s « % @ 2 2 & = ®w ® s = &8 = ®w s @ @ " e e = s = = « o n» @

I T T

e s & & « 4 ¢« @« « a = » e » e » s s m e w w = e = @

e 8 ® & ® % 2 8 @ @ a ®» = ® 8 = s = e ®» ® ® o« 8 a a =

[ T T T T Y e = % s = o e e = a s @

L BYTE
L HEAR
L NEAR
L KEAR
L HEAR
L BYTE
L BYIE
L NEAR
L NEAR
L REAR
L HEAR
L HEAR
L NEAR
Huaber
Hunber
Huaber
Nunber
Huaber
Runber
Rusber
Runber
L KEAR
L HEAR
L BYTE
L HEAR
L HEAR
L NEAR
L NORD
L NORD
L W0RD
L HEAR
L BEAR
L HEAR
L HEAR
L HEAR
L BYTE
Husber
L KEAR
L HEAR
L HEAR
L BYIE
Nuaber
L NEAR
L HEAR
Husber
Husber
L HEAR
L BYTE
L BYTE
L NEAR
L NEAR
L HEAR
L HEAR
L REAR
L WORD
Rusber
Ruaber
Nusber
L HEAR
L KEAR

0230
09¢
DBAE
0974
0888
0C3E
0267
047
07c0
0400
0547
O5FE
05FC
0002
0000
0003
0005
00g¢
0004
0005
2001
ace
03%
0784
0ES8
0284
OEAF
0003
0007
0265
0959
0951
0955
08és
0966
OEAC
0DED
1086
1008
0958
0E4D
0049
0940
02FA
0001
0040
OAFE
0
0237
acsD
0000
1105
110E
OAEE
047
0010
004
0024
0E78
0E50

CSEG
(5EG
CSEG
(SEG
CSE6
(SEG
(SE6
(SEG
CSE6
(SEG
CSEG
(SEG
[£:111

(SEG
CSEG
{SEG
CSEG
(5EG
CSEG
(SEG
CSEG
(SEG
CSEG
(SEG
CSE6
(SEG
CSEG
(SEG

(SEG
CEEq
(SEG
CSEG

CSEQ
(SEG

(5E6
(SEG
(SEG
(SEG

(SEG
C5E6
(SEG
(5EG

CSEG
CSEG

Globat
Glabal

External

Glabal

APPENDIX C
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DREQ . .
DRVHAX .
DRWALL .
ORNINP .
DRWRET .
DSKDEV .
DSK_INT.
DSR. .«
DYRRAH .
...
EL...
ENTRY. .
ERROR_D.
ERROR_.1.
ERROR_10
ERROR_11
ERROR_12
ERROR 2.

e 4 o s = & * e ® » ° m e s e s = =

ERROR 3. .

ERROR 4.
ERROR_S.

-

ERROR_6. .

ERROR_7.

ERROR_S. .

ERROR_9.
ERR_EXIT
ESC. . .
ESCFAL .
ESCHON .
ESCHONA,
ESCTBL .
ESC_MASK

.
.
.
.
.
.

ESC_TABLE.

ETBLENT.
EXIT . .
EXITL. .
EXITP. .
FIFENP .

.
.
.
.

FIF0 . ..

FIFULL .

.

" s 2 s e s s s e s e o e s e s e @

e ® e o a & » & &4 % e s = os s s s a

" e % e s s s e & o

e e e s o 2 o

FID . ...

FIGS . .
R ..
FKL . .

FLTAB. .

FUNL . .
FURLD. .
FUNLL. .
FUR12,
FUBL3,
FUR14,
FUNIS. .
FUN16.
FURLZ,

c-90

.

DY

.

e s e 8 o s s s =

..

FLAGBUF . . .
FLOPPY_DRIVES.

FL_IN_RETRIES.
FL_OUT_RETRIES
FRAMING. . . .
FRANCE . . .

e 8 e w o 4 * e e & ® » e a e s e w e =

e & o & = @

= s e s = s e e o & = &

e ® e s e o o & o o

PR

s e s e e s 8 ® a s s e e s a ¢ u o @

A A s e e e s e s s s e

L N

“ & * s e 8 = e ® = o o @

e 2 e 3 e s s 8 s s e s e »

e o o o o % e & = 8 s ® s o m e m s & ® s a 8 w8 e &

¢ & e s o & s B @« ° = & o & o

" e s e e o s & o o @

“ e e o o e o o o

" e s e o o a a2 ¥ e 8 & »

D

e o a w a s @ s = » @

“ « s o o = 8 + 8 e & & & ® ® a 8 & @

® o & o ® o & o 4 a s @ 8 ° 8 s s e e s e e 8 = @

= s = 3 e a4 o s e s =

« e 2 e o @

e s e e =

e e + e ® & o & =

L BYIE
L BYTE
Ruaber
Husber
Number
L HEAR
L REAR
Huaber
Number
L HEAR
L HEAR
L NEAR
L NEAR
L HEAR
L HEAR
L KEAR
L NEAR
L NEAR
L REAR
L HEAR
L HEAR
L HEAR
L HEAR
L HEAR
L HEAR
L NEAR
Nusber
L HEAR
L NEAR
L HEAR
L BYTE
Husber
L HEAR
L WORD
L HEAR
L HEAR
F PROC
Nusber
Rusber
Nuaber
Runber
Nusber
L HEAR
L HEAR
v BYIE
L BYTE
L WORD
L BYTE
L BYTE
Huaber
L REAR
L BYTE
L BYTE
L BYTE
L BYTE
L BYTE
L BYTE
L BYTE
L BYTE
L 8YTE

060F
048
0000
0008
0010
04BE
0000
0080
0004
0879
0B8A
0550
0590
0594
0588
058C
a5ce
0598
059C
0540
0584
0548
D5AC
0580
0584
0502
0018
0386
0879
0868
0287
Q0aF

0285
0567
05C9
05¢7
0004
00A1
0002
004C
00¢
074
acs?
anoe
0013
o
0015
0014
0020
028F
0010
0038
03¢
0040
0044
0048
004¢
0050
0054

CSE6
%13

CSEG

(SEG
CSE6
(SEG
(SE6
