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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.



NCR DECISION MATE V
SYSTEM TECHNICAL MANUAL
CP/M-80

CONTENTS

CP/M-80 SOFTWARE FOR INPUT/OUTPUT

Logical Disk Layout .. .......... .. . ... 3-3
Flexible Disk (b 1/4-inch) .. ....... ... 0. 3-3
Winchester Disk ... ..ottt ittt ittt e e et 3-6

I/OFunctions . .............. @ e e ettt ettt 3-7

BDOS Entry Functions ... ......... ... 3-8

File Information .. ....... ..ttt enennnn. 3-12

Disk Information .......... ... 3-14

Logical Assignmentof I/ODevices ..................... 3-17

Terminal Functions ........... 0., 3-19

The BIOSProgram ........... .00ttt ieennenn. 3-22
How to Read the BIOSProgram ...................... 3-22
Displaying the BIOS Program ontheScreen ............. 3-24

The BIOSEntryPoints . . ... ... ... 3-26

The BIOS Sections .. .......c.ci i, 3-28

Making Use of the I/O Software . ... ................... 3-29
Some I/OExamples .........coiiiiiiiiiiiiiinenn.. 3-30
Interfacing Printers . . . ....... .. ... 3-44
Tables-Routines-Ports . .. ... ...... .. . ... . ... 3-46

Level Zero Diagnostics .......... ... ... 3-56

Color ............. £t e et e e et e ettt 3-56

L 10 o) L2 3-97
The Graphics Display Controller ..................... 3-58
Some GDC Programming Examples ................... 3-70
ColorGraphics ......... ..ttt it 3-100

APPENDIX B

CP/M-80 BIOS Program ..........iiiiiiiieeeennnnnn B-1

CP/M-80Linklist ..................... et B-187

Copyright ©1983 by NCR Corpaoration
Dayton, Ohio
All Rights Reserved
Printed in the Federal Republic of Germany i






SYSTEM TECHNICAL MANUAL CP/M-80 SOFTWARE FOR INPUT/OQUTPUT

CP/M-80 SOFTWARE FOR INPUT/OUTPUT

CP/M-80™ Software consists of a collection of file processing
utility programs, an assembler for the conversion of mnemonic
assembler language into machine code, and a debugging tool with
which programs can be run and tested at machine code level. CP/M
is described as an ““operating system’’ as it provides the framework
in which the user can write, store, and run programs.

Essential to any operating system software 1s the provision of
communication facilities between CPU, memory, keyboard, CRT,
and/or print-list device. It 1s also desirable to provide interfaces to
additional peripheral devices and to facilitate DMA. CP/M fulfils
all these functions.

Typically, CP/M is present on a flexible disk. As soon as the
above-mentioned basic functions are present in memory, indi-
vidual CP/M utilities can be loaded into memory and, when these
utilities are no longer required, other CP/M utilities or user pro-
grams can take their place. Because CP/M does not execute from
ROM but from read/write memory, it is possible to accommodate
operating system variables within the system functlons with which
they are most immediately concerned.

CP/M regards the memory as four distinct areas, as shown in
Figure 3.1.

Tep of Memory
: FDOS(BIOS+BDOS)

DEOOH FBASE
CcCp
C800H | CBASE |
TPA
O0100H TBASE
System Parameters
O000H BOOT
Figure 3.1

At cold start the first sector on the flexible disk (Track O,
Sector 1) loads. The BOOT program from this sector then loads
the BIOS to top of memory. The BDOS and CCP are loaded into
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the memory area Immediately below the BIOS. All these communi-
cation functions of the system software are present on the first
three tracks of the CP/M flexible disk, as summarized in Figure 3.2.

Function Disk Sectors

- BOOT Track O : Sector 1

. BIOS Track O : Sector 2
through
Track 1 : Sector 5§
CCpP Track 1 : Sector 6 |
| ' through

Track 2 : Sector 1 1

- BDOS Track 2 : Sector 2
| - through
Track 2 : Sector 8

Figure 3.2

' The only additional memory which is required by these sys-
tem components is the area from address 0 through OFFH
(TBASE). Especially useful addresses in this area are shown in
Figure 3.3. - .

The remaining memory (TPA) is available to CP/M utilities
and user programs. Assuming that the BIOS and BDOS areas are
not overwritten, it is possible to make use of the CP/M I/0O func-
tions in user programs. Overwriting the CCP area does not mean
irretrievable loss of system control, as this area is restored fol-
lowing a warm boot (jump to O000H). In the event of the BIOS

or the warm boot jump at 0000H being overwritten, a cold start
will be necessary. |
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Memory Location Use by CP/M
O000H-0002H Unconditional jtjmp (Opcode C3) to
warm start entry pointin BIOS *
O003H IOBYTE : governs interface to physi-
cal devices
0004H Default drive number (0 = A etc)

0006H-0007H Address for access to BDOS (FBASE).
. Machine code instruction ‘““2A0600°‘’
returns access address in HL, unless
DDT utility is loaded.* Byte 0005
provides the jump instruction to that
h address.

0008H — O037H Interrupt locations 1 through 6, not
used, but location 6 to be considered
as reserved.

0038H — 003AH Restart 7: Unconditional jump to
DDT, used for breakpomts when
DDT is running.

003BH — O03FH To be considered as reserved.
0040H — O04FH Scratchpad area, at present not used.
0050H — 0058H H To be considered as reserved.

005CH — 007CH Default FCB produced for a transient
program by the CCP. (See ‘‘File in-

H formation.”’)

007DH — O07FH Optional default random record
position. (See “File Information.”’)

* machine addresses are stored with most significant byte
nearest to top of memory.

Figure 3.3

LOGICAL DISK LAYOUT

FLEXIBLE DISK (5 1/4-|nch)

The drive for flexible disk is designed to make use of double-
sided disks with double-density storage of data. Each surface of
the flexible disk is considered as consisting of 40 concentric tracks,
numbered consecutively 0 through 39. The two surfaces are desig-
nated surface 0 and surface 1. The formatting utility included in
the CP/M describes the surface 1 tracks with the numbers 40
through 79. This 1s to facilitate user identification of a faulty
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track. The convention of flexible disk description is to designate
the tracks on both surfaces 0 through 39. Figure 3.2 has shown
that tracks O, 1, and 2 of surface 0 contain the I/O software. With
the exception of track 3, which is reserved for the CP/M directory
(128 entries, each 32 bytes), the remaining tracks (surface 0:4 . ..
39, surface 1:0 . . .39) are available for data storage. The spacing
on the flexible disk 1s 48 tracks per inch. Each track is divided inte
8 equal length sectors. Each sector is further divided into an ad-
dress area and a data area.

The following is a description of the logical layout and for-
matting requirements for flexible disks being used in the CP/M
operating system. Figure 3.4 presents the corresponding schematic
layout. Certain elements of formatting on the flexible disk are
fixed and invariable. 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 1s filled with bytes of hexadecimal 4E. The
number of these bytes can vary, but a typical number i1s 873.

Gap 1
Immediately following the index hole: 80 bytes of 4E, then
12 bytes of zero, 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 resvnchronize the PLO (phase locked
oscillator) after encountering timing discrepancies resulting
from in-place updates or re-initialization.

AM (Address Marker) |
3 bytes of hexadecimal A1l followed by FE. The A1l 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, 1.e. value 0.) AM indicates that address information
follows. -
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Last | Gap
Sector| 4
é

ID (Address)
Field

Sync| AM ID
Field Field

Index '—1 J/
detected pa
here

Index
Gap |14 bytes | 1 byte] CYL
g of 00 Al |HIGH
Bytes
of
4E

TYNNYW TVYOINHOIL WILSAS

/ \
Number | Number | Number| Length

Figure 3.4

1 byte |DATA | ECC |3 bytes

of 00

CYL | HEAD |SEC-
LOW

3 bytes | 12bytes

1 byte
bytes

. of 00 of 00

Figure 3.5
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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:

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 08.

Byte 4 Physical record length: 02 indicates 512 bytes per
sector.

Data -
The 512 bytes following the data marker (DM) are available
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. Al, Al, Al, FE, and the
4 address bytes). '

For a data area, the preceding 516 bytes are used (i.e. A1,

Al, Al, FB, and the 512 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 obligatory 6-byte disk identifier (“NCR F3”’) is contained
at offset 10 on surface 0, track 0, sector 1.

WINCHESTER DISK

The Winchester disk software format is similar to that of the flexi-
ble drive, in that an 1ndex mark is recognized (a pulse of at least
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200nS) followed by ID and Data Fields, including check bytes.
Figure 3.5 shows this layout.

Gap -
30 bytes of 4E for a sector length of 512 bytes.
CYL HIGH
Value FF: cylinders 256 to 511
- Value FE: cylinders O to 255
Value FD: cylinders 768 to 1023
Value FC: cylinders 512 to 767

HEAD
Bit 7 set indicates a bad block
Bytes of 4E
A typical number of these bytes 1s 304 at 3600 r.p.m.

/O FUNCTIONS

CP/M provides software control over the following I/O and system
functions:

RAM integrity check

System reset

Disk drive selection

Set disk status

Search for and access disk files
Create and restore disk files
Disk drive motor and head travel
Reader Input and Punch Output
Console 1I/0O

Keyboard code translation

Set function keys

List Output

Serial and parallel I/O

DMA

Drive loudspeaker

Display error messages

When BIOS (with BDOS) has loaded, the software which exe-
cutes these functions is available from FBASE upwards. There
is, however, one exception: the RAM integrity check routine along

with the copyright message on the CRT (approximately 390 bytes)
are overwritten as soon as the check has been passed.



BDOS ENTRY FUNCTIONS

Important I/O functions can be accessed through a machine call
instruction to the address 0005H in page zero of the memory.
This, in turn effects a jump to BDOS, and from there to the speci-
fied function within the I/O memory area. Before the call is made
to page zero, certain CPU registers have to be loaded in accordance
with the I/O function toc be carried out. Certain functions return
a result value in A (one-byte result) or HL (two-byte result).
Figure 3.6 explains briefly the nature of each function, the func-
tion number which must be loaded in Register C, additional entry
parameters and their required registers, as well as the significance
of any return value. The advantage for programmers of using these
entry points is that their validity is less likely to be impaired by
future BIOS developments.

Function no. Description Additional Return
in Reg. C Entry Value
(Hex) Parameters
00 System reset. - ] —
01 ﬂ Console ihput — wailts for character, —_ Reg. A:
which is echoed to console. ASCII| character
02 Console output — tabs expanded, Reg. E : —
print control chars. recognized. ASCII character
03 Reader input — waits for character - “Reg. A !
q ASCII character
04 Punch output. Reg. E: -
ASCIlI character
05 List output. Reg. E: H -
H ASCII character
06 Direct console 1/0O —in contrast to | Reg. E: Reg. A:
01, control characters are ignored. |OFFH ASCII character
from console,
| OOH if none
pready
Reg. E: console:
<> O0FFH contents of
Reg. E
07 Get |/O Byte. - Reg. A:
IOBYTE
08 Set |/O Byte. Reg. E: -
| IOBYTE

Figure 3.6 (1 of 4)
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Function no. Description Additional Return
in Reg.C Entry Value
(Hex) Parameters
09 Print string until $ encountered — Reg. DE: —
tabs and control chars. as in 02. String address
H
0A Read console buffer — reads con- Reg. DE: (DE+1)
sole input into bufier at address Buffer address | number of
DE until CR (OCH) or L (OAH) (DEHO): characters in
or overflow. Other control chars. Buffer length | buffer
recognized.
0B Get console status. r — Reg. A:
< > 0 if char.
ready, other-
wise O
oC Return version number. — Reg. H:
0 =CP/M,
1 =MP/M
Regq. L:
0 = version be-
fore 2.0, lower
nibble = release
2.n
oD Reset disk system — all disks — —
read/write, disk A selected, de-
fault DMA address = 80H.
OE Select default disk. Reg. E: -_
Drive A=0..
Drive P =0FH
OF Open existing file — if found, di- Reg. DE: Reg. A:
rectory information copied to FCB.| FCB address 012,0r3=
found, other-
‘ wise OFFH.
10 Close existing file — new FCB re- Reg. DE: Reg. A:
corded in disk directory. FCB address 0,12,0or3= J
old directory
h entry found,
otherwise OFFH
11 Search for first file entry in di- Reg. DE: Reg. A:
rectory corresponding to FCB. FCB address 012,0r3=
found, other-
wise OFFH
12 Search for next file entry after - Reg. A:
last matched entry. 0,12,0r3=
found, other-
wise OFFH
13 Delete file matching FCB. Reg. DE: Reg A:
FCB address 012,0r3=
found, other-
wise OFFH

Figure 3.6 (2 of 4)
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Function no. Description Additional Return
in Reg. C Entry Value
(Hex) “ Parameters
14 Read next record of opened file Reg. DE: Reg. A:
(function OF or 16) to DMA ad- FCB address 0 = read success-
dress (function 1A). ful, otherwise n
. data at record
position
15 Write next record of opened file Reg. DE: Reg. A:
(function OF or 16) from DMA FCB address C = write suc-
address (function 1A). cessful, other-
H wise disk full
16 Make file which does not already Reg. DE: 01,2,0or3=
exist. FCB address successful,
' OFFH = no di-
h rectory space
17 Rename file. Reg. DE: 0,12,0or3=
address of FCB| successful,
inc. old name. | OFFH = old
(DE+10H): name not
new name found
18 Drive on line. — Reg. HL:
bit significance
0...15 corre-
sponds to drive
A...P, bitset =
drive on line
19 Current default drive. — Reg. A:
0. . .OFH corre-
sponding to
drive A.. .P
1A Set DMA address — i.e. address Reg. DE: —
of data record for read or write DMA address
operation. Functions 0,0D, and
cold start reset this address to
80H. The first byte is used to
hold the number of DMA chars.
18 Get address of drive allocation - Reg. HL: ad-
vector. dress at vector
1C Temporary disk write protection. —_

- |
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|
Function no. Description Additional Return
in Reg. C : Entry Value
(Hex) Parameters
10 Get read only vector. - Reg. HL:
bit significance
f 0...15 corre-

sponds to drive

A. . .P, bit set
| = R/O
1& Set file attributes in directory in Reg. DE: Eeg. A:
accordance with attributes in FCB. | FCB address OFFH = file
named in FCB
P not found
1F Get address of disk parameter | Reg. HL.:
block ‘ | block address
20 Get/set current user number. Reg. E: Reg. A:
OFFH H user number
Reg. E: new user num-
<> 0FFH ber = content
' of Reg. E
| ﬁ |
21,22 These functions concern random
23,24 file access — see next section
“File Information.”” |
25 Reset drives specified in vector. Reqg. DE: Reg. A:
bit significance| O0H
0...15 corre-
| sponds to drive
A. . .P, bit set
= drive to be
reset
26, 27 Not in use
28 Used in random file access —
see next section ‘““‘File Infor-
| mation.’’

NOTE: Functions 1C and 20 may not be supported in later CP/M versions.

Figure 3.6 (4 of 4)
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FILE INFORMATION

A disk file is identified by the drive select code, the file name, and
the file type. The file itself consists of byte by byte information
logically divided into lines by the hexadecimal sequence ODH,
OAH (carriage return, line feed). When reading, CP/M inter-
prets the hexadecimal value 1A as end-of-file except in machine-
executable files (e.g. COM). A file is divided into 16 K byte logical
extents automatically accessed in both sequential and access
modes.

A CP/M utility or user program may make use of the default
file control block situated at address 005CH. The basic unit used
in the reading and writing of files is the 128-byte record, for which
CP/M provides a default location at 0080H. The DMA address
automatically points to this location after either of the Page Zero
functions 0 and OD, or after a cold start.

The FCB data area (i.e. from 005CH onwards) uses 33 bytes
for sequential, and 35 bytes (i.e. up to and including 007FH) for
random file access. The FCB layout is shown in Figure 3.7. The
numbers 00 to 35 in the layout denote the offsets of the 1nd1-
vidual bytes to the FCB beginning. .

drl f11€2(/ /18| t1|t2 {t3lex | s1|s2]| rc| dO|/ fldn{ | O] r1| 2
00 01 02... 08 09 10 11 12 13 14 15 16 ... 31 32 33 &3#4 35

Figure 3.7

dr
drive code (0-16)
O = use default dnrive for file
1 = auto disk select drive A,
2 = auto disk select drive B.

16 = auto disk select dnive P.
f1.. .f8

Contain the file name in ASCII upper case, with high bit = 0.
t1, t2, t3

Contain the file type in ASCII upper case. The high bits t1’
and t2’ are used as follows:

t1’ = 1: Read/Only file
t2’ = 1: SYS file, no DIR list
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ex
Contains the current extent number, normally set to 00 by
the user, but in range 0-31 during file I/O

sl
Reserved for internal system use.

S2
Reserved for internal system use, set to zero on call to OPEN
MAKE, SEARCH.

rc

Record count for extent ‘“‘ex,”’ takes on values from 0-127.
dod. . .dn

Reserved for system use.
cr

Current record to read or write In a sequential file operation,
normally set to zero by user.

r0, rl, r2
Optlonal random record number iIn the range 0-65535, with
overflow to r2. rO, rl constitute a 16-bit value with low byte
rO0 and high byte rl.

FCBs are stored in a directory area of the disk and are brought
into memory by BDOS Function OF or 16 before file opera-
tions can commence. The memory copy of the FCB is updated
during file operations and recorded permanently on disk when
these operations are concluded (Function 10).

Function 21 has as its entry parameter an FCB address in the
register pair HL. A 16-bit value in the bytes rO (least significant)
and rl indicates the random record to be read. The value of byte
r2 must be zero. The file must already have been opened (Func-
tion OF). If the random read is successful, the value of register A is
zero and the accessed record is at the current DMA address. If
wishing to random read the next extent, the user must increment
the record number, as the next read does not do this automatically.
This is true also after switching to sequential read for the first read
operation. Error codes returned in register A are:

01 or 04 Read attempted beyond last file extent.
06 Read attempted beyond physical end of disk.

Full details of error codes are to be found in the NCR CP/M
Manual.

Function 22 is a write-random facility, using data from the
current DMA address. The information given above about
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Function 21 applies analogously to this function. In addition,
error code 05 indicates failure to write due to directory overflow.

Function 23 refers to the FCB addressed by the DE register
pair and writes a binary value in the bytes rO (least significant) and
rl in accordance with the highest record number. (This is not
necessarily the actual number of records for files created in the
random mode.) If r2 = 01, then the file contains the maximum
number of records (65536). This function is useful for appending
random files.

Function 24 is used to set a random record number in bytes
rO and rl of the FCB addressed by the DE register pair. This FCB
usually belongs to a file which has hitherto been accessed sequen-
tially. This is useful when changing the access mode from sequen-

tial to random, or for noting the position of a record in a sequen-
tial file.

DISK INFORMATION

Tables are included in the BIOS that describe the particular charac-
teristics of the disk subsystem used with CP/M. The purpose here
1s to describe the elements of these tables.

In general, each disk drive has an associated (16-byte) disk
parameter header that contains information about the disk drive

and provides a scratchpad area for certain BDOS operations. The
format of the disk parameter header for each drive is shown
below.

Disk Parameter Header

XLT 0000 0000 0000 DIRBUF DPB CSV ALV
16b 16b 16b 16b 16b 16b°  16b 16b

where each element is a 16-bit value. The meanmg of each Disk
Parameter Header (DPH) element is:

XLT

Always O0OOH because no sector translation takes place

(1.e. the physical and logical sector numbers are the same).
0000

Scratchpad values for use within the BDOS (initial value is
unimportant).
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DIRBUF
Address of a 128-byte scratchpad area for directory operations
within BDOS. All DPHs address the same scratchpad area.
DPB |
Address of a disk parameter block for this dnive. Drives with

identical disk characteristics address the same disk parameter
block.

CSV
Address of a scratchpad area used for software check for
changed disks. This address is different for each DPH.

ALV
Address of a scratchpad area used by the BDOS to keep disk

storage allocation information. This address is different for
each DPH.

Given n disk drives, the DPHs are arranged in a table whose
first row of 16 bytes corresponds to drive O, with the last row
corresponding to drive n-1. The table thus appears as

DPBASE:

00 XLT 00 0000 0000 0000 DIRBUF DBP OO CSV 00 ALV OO
01 XLTO01 0000 0000 0000 DIRBUF DBPO1 CSV 01 ALV 01
and so on through

n-1 XLTn-1 0000 0000 0000 DIRBUF DBPn-1 CSVn-1 ALVn-1

where the label DPBASE defines the base address of the DPH
table. ‘

A responsibility of the SELDSK subroutine (see ‘““The BIOS
Entry Points’’) is to return the base address of the DPH for the
selected drive. The Disk Parameter Block (DPB) for each drive is

more complex. A particular DPB, which i1s addressed by one or
more DPHs, takes the general form

SPT BSH BLM EXM DSM DRM ALO AL1 CKS OFF
16b 8 8b 8b 16b 16b 8b 8b 16b 16b

where each is a byte or word value, as shown by the 8b or 16b
indicator below the field.

SPT
The total number of sectors per track.
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BSH

The data allocation block shift factor, determined by the data

block allocation size. (BSH has for flexible disk a value of 4,
for fixed disk a value of 6).
BLM |

The data allocation block mask (2**BSH-1). (BLM has for
flexible disk a value of F, for fixed disk a value of 3F).

EXM
The extent mask, determined by the data block allocation size
and the number of disk blocks.

DSM
Determines the total storage capamty of the disk drive.

DRM
Determines the tctal number of directory entries that can be .

stored on this drive. ({ALO, AL1 determine reserved directory
blocks.)

CKS | |

The size of the directory check vector.

OFF | o - Ce . - : _
The number of reserved tracks at the beginning of the (logical)
disk.

The value of DSM is the maximum data block number sup-
ported by this particular drive, measured in BLS (BLS = 2048
bytes) units. The product BLS times (DSM+1) is the total number
of bytes held by the drive, not counting the reserved operatmg
system tracks. |
- The DRM entry is the one less than the total number of dlrec-
tory entries that can take on a 16-bit value. The values of ALO and
AL1, however, are determined by DRM. The values ALO and AL1
can together be considered a string of 16 bits, as shown below.

ALO AL1
00 01 02 03 04 05 06 07 08 09 10 11 12 13 14 15

where position 00 corresponds to the high order bit of the byte
labeled ALO, and 15 corresponds to the low order bit of the byte
labeled AL1. Each bit position reserves a data block for number of
directory entries, thus allowing a total of 16 data blocks to be as-
signed for directory entries (bits are assigned starting at 00 and
filled to the nght until position 15). Each directory entry occupies
32 bytes, resulting in the following tabulation.
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BLS Directory Entry
2048 64 times # bits

Thus, if DRM = 127 (128 directory entries) and BLS = 2048, there -
are 64 directory entries per block, requiring 2 reserved blocks.
In this case, the 2 high order bits of ALO are set, resulting in the
values ALO = OCOH and AL1 = O0H.

The CKS value is determined as follows: if the disk drive
media is removable, then CKS = (DRM+1}/4, where DRM is the
last directory entry number.

Finally, the OFF field determines the number of tracks that
are skipped at the beginning of the physical disk (reserved opera-
ting system tracks). This value i1s automatically added whenever
SETTRK (see section “The BIOS Entry Points’’) is called.

Returning back to the DPH for a particular drive, the two ad-
dress values CSV and ALV remain. Both addresses reference an
area of uninitialized memory following the BIOS. The areas must
be unique for each drive, and the size of each area i1s determined
by the values in the DPB.

The size of the area addressed by CSV 1s CKS bytes, which is
sufficient to hold the directory check information for this par-
ticular drive. If CKS = (DRM+1)/4, one must reserve (DRM+1)/4
bytes for directory check use. If CKS = 0, no storage is reserved.

The size of the area addressed by ALV is determined by the

maximum number of data blocks allowed for this particular disk
and is computed as (DSM/8)+1.

LOGICAL ASSIGNMENT OF I/O DEVICES

CP/M makes use of four types of communicaﬁon channel:

CONSOLE

Interactive communication with the operator.
LIST

Output channel to the principle listing device, usually a printer.
PUNCH

Punching device.
READER
Reading device.
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Each of a number of physical devices is assigned to one or
more of these logical devices. The physical devices are TTY
(serial printer device), CRT, LPT (parallel printer). Figure 3.8
shows the possible bit settings within the IOBYTE at address
0003H, which can be carried out by the BDOS Function 08. The
Console field occupies bits 0 and 1 of the IOBYTE, the Reader
field occupies bits 2 and 3, the Punch field bits 4 and 5, and the
List field bits 6 and 7. -

Console assigned to . . . Binary value
of bits O with 1

{4 . Oor3

+ - lor?2

Figure 3.8 (1 of 4)

R

Reader assigned to . .. Binary value -
of bits 2 with3

TTY | - Qor3
- CRT 1or2

Figure 3.8 (2 of 4)

Punch assigned to . .. Binary value
| of bits 4 with S

O TTY ’ 0
CRT | 1Tor3
LT 2

Figure 3.8 (3 of 8)
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List assigned to . .. ] Binary value
of bits 6 with 7
TTY Oor3
CRT 1
LPT 2

Figure 3.8 (4 of 4)

TERMINAL FUNCTIONS

This section concerns the possibilities of software manipulation of
the CRT display. CP/M recognizes a number of codes up to three
bytes in length which are applicable to cursor movement, partial
or whole screen clearance, variation of CRT intensity, and acti-
vating the loudspeaker. One or more functions are possibly not
implemented on some machines. Figure 3.9 summarizes the func-
tion codes. With reference to this figure, it must be appreciated
that functions cannot be attributed to specific keys on the key-
board. This 1s because there is a wide variety of keyboards availa-
ble for different parts of the world. By checking in the relevant
column for a particular keyboard in the chapter ‘“Keyboard
Codes’ in the Hardware Description, it is, however, possible to
find the key for a particular function. |

The function codes are the same as those used by the Lear
Siegler ADM-31™ terminal, with the following exceptions: 17H
(Clear to End of Line) and 1BH 4DH (Play Music) are imple-
mented In your NCR DECISION MATE V. The Lear Siegler
ADM-3A™ terminal uses the functions which-do not commence
with 1BH (exception: 17H — Clear to End of Line).

The frequencies produced by the Play Music function are
shown in Figure 3.10.
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3-20

TERMINAL FUNCTION CODES

Function -

Hexadecimal Code

POSITION CURSOR
ROW + Offset
COL + Offset

CURSOR LEFT
(non-destructive backspace)

CURSOR DOWN
(line feed)

CURSOR RiGHT
(nondestructive forward space)

CURSOR UP
(reverse iine feed)

CURSOR HOME
(top left comer)

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)

RESET INVERSE AND BLINKING
VlﬁDEO INVERSE ON

BLINKING ON

RING THE BELL

MUSIC

18 3D
follcwed by
ROW + 20
followed by
COL +20

08

0A

0C

i
!
|
|
08

e

1Aor 1B 2A or 18 3A
170r 18 54 or 1B 74

ﬁ 1B 59 or 1B 79

0D

18

1B 45

18 51

1B 52

H18 57

18 28

18 29

18 47 30
18 47 34
;‘13 47 32

1B 4D
followed by F
Frequency in the range
21 to 4A, or 20 = no tone
followed by

Length in the range

20 to FF (steps of 20ms)

NOTE: Combination of HALF INTENSITY

color CRT.

VERSE ON/OFF create different foreground/background colors on j

ON/OFF and VIDEO IN-

Figure 39
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I

MUSIC CODES

NOTE

PAUSE

C (Middle C)
C#

D

D#

E

F

F#

G

G#

A
A#
B
C

C#

-

FREQUENCY CYCLES
20 —
21 110
22 1165
23 1235
24 131
25 138.6
26 1468
27 16558
28 1648
29 174.6
2A 185
2B 196
2C 208
2D 220
2E 233
2F 2469
30 261.6
31 277.4
32 293.7
33 311
34 329.6
35 349.2
36 370
37 - 392
38 415
39 440
3A 465
38 4939
3C 5232
3D 553
3E 587.3
3F 622
40 6593
41 698.5
42 740
43 784
44 830
45 880
46 932
47 987.8
48 1046.5
49 1108.7
4A 1174.7

Figure 3.10
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It 1s possible to program the Function Keys (F1 ... F20) of
your keyboard by use of the following hexadecimal sequence:

1B

46

Function number, using the appropriate value EO (Function 0)
. . . F3 (Function 20) .

New function: a string of values 0 . . . 7F, including control
characters except 09.

Function number, as above.

For example, the following hexadecimal sequence sets F2 to
the function DIR with a concluding carriage return:

1B 46 E1 44 49 52 0D El

The advantage to the programmer of this method is that there
1s no need to return to CP/M-80 system level in order to program
a Function Key via the CONFIG utility.

THE BIOS PROGRAM

In the Appendix B of this guide you will find the listing of the
Basic Input/Output System in Intel® 8080 assembly language.
Before attempting to study this listing, it 1s, however, advisable tc

read the following two sections with regard to the addresses
produced 1n this assembly.

HOW TO READ THE BIOS PROGRAM

The assembly listing has been produced on the basis of six logi-
cally separable aspects of the BIOS software which have been
entitled MBIOS, NBIOS, OBIOS, RBIOS, PBIOS and QBIOS. Pre-
ceding each of these sections of assembly instructions are lists
of the equates relating to the use of constants and symbolic ad-
dresses. For example, the symbol for the function code used to
clear the screen is “CLRSCN.”” Under “Control Character Equates”
on page 7 (page number appears as three digits at the top of the
page) in MBIOS, you will find in line 175 that the actual hex value
for this symbolic constant which is to be created at the time of the
assembly is 1A. (Compare this value with the appropriate entry in
Figure 3.9!). Therefore, the byte definition “DB CLRSCN”’ in line
307 is effected using the value 1A. An example of a symbolic
address equate is present on page 3 in line 73, where “NCON-
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OUT,” the address of the routine which displays a character on
the screen, is given the value “STBIOS+12.” Line 72 already tells
us that STBIOS has the hex value DEOO. Therefore, in line 342
(page 14) the assembler replaces “NCONOUT”’ with the hex value
DEOC. (The value 12 without the suffix “H”’ in line 73 is regarded
by the assembler as a decimal and not a'hexadecimal number.)

It will have become apparent from reading the assembler in-

structions used in these examples (lines 307 and 342), that the
following format 1s used:

hhhh object code label: (if any) instruction ; comment (if
any)

where hhhh represents the hexadecimal address relative to the be-
ginning of the assembly section, the cbject code is the hex code
produced by the assembler, label i1s a symbolic address, and the
instruction is derived from Intel 8080 assembly language. An

example where all these components are present is line 183 (the
beginning of MBIOS):

0000 C32100 BEGIN: JMP BMOVE ; jump move routine

At assembly, the symbolic address was interpreted as 0021,
i.e. 33 bytes higher in memory than the beginning of this assem-
bly section. Note that addresses in object code are assembled with
their two bytes “In reverse order,” that is, the most significant
byte of the two has the higher address. For a detailed summary of
8080 assembly language, the user should refer to the NCR CP/M
manual. (The fact that the CPU in your machine 1s a Z-809®
microprocessor 1S of no detriment to the use of 8080 assembly
language in the CP/M “ASM’’ and “DDT?’ utilities.)

In the examples we have seen so far, it is evident that the
assembler had already been provided with a value to use in place
of the symbol in the generation of the object code. There are,
however, occasions when an assembler cannot replace the symbol
at the time of producing a listing such as this one. Instead, the
listing shows a zero value in one or two bytes, according to the
type of assembly instruction. The circumstances in which a zero
value is listed in place of a symbol, is where the symbol definition
occurs externally to the section being assembled. An example of
this can be found in NBIOS in line 1144 (page 33). Note that the
assembler has entered a zero value in two bytes instead of the
address “READOP,” and that the list of symbols similarly shows



a zero value for this symbol (page 54). To avoid an error code of
unresolved symbol, the assembler had to be told that “READOP”’
is an ‘“‘external definition” (page 3). “READOP” appears with an
actual value for the first time 1in OBIOS (see symbol list on OBIOS
page 43). It would be tedious to have to check through a number
of lists to find this actual value. For this reason, the BIOS link-list
is included (Appendix B) immediately following the BIOS listing.

This is the list of external definitions which were fmally resolved
when the sections of BIOS were put together.

Symbolic references within individual sections, mcludmg for-
ward references, could be resolved before the assembler produced
the listing.

The equate (EQU) statements at the front of each BIOS sec-
tion give information regarding the use within the program of par-
ticular symbols. In addition, the list of symbols following each
BIOS section provides the resolution of each non-external sym-
bol. In these lists you will also find the line number of each
occurrence of a symbol.

It is important to remember that the BIOS program 1s hard-
ware related, and that variations in the hardware between models
mean that there are different versions of BIOS. For example, the
BIOS must carry out slightly different functions in a system with
fixed disk drives to those required in a system which uses only
flexible disks; a color CRT requires more extensive drive param-
eters than a monochrome tube. For this reason, the use of abso-
lute machine addresses has been kept to a minimum in the BIOS
listing. The reader will note that the starting address of the BIOS
in memory is given as hexadecimal DEOO. This is the address at
which NBIOS i1s loaded from flexible disk. The remaining sections
OBIOS, RBIOS, PBIOS and QBIOS, are loaded after NBIOS
concatenated in that order. This means that a hardware determined
variation in NBIOS could change the starting addresses of all the
other BIOS sections. The following section ‘“Displaying the
BIOS Program on the Screen” gives the user useful instructions on
how to work with the addresses in the BIOS listing. MBIOS is

present in memory only during power-up initialization and is
subsequently overwritten by NBIOS.

DISPLAYING THE BIOS PROGRAM ON THE SCREEN

The user can display the BIOS program on the CRT by making use
of the Dynamic Debugging Tool utility (DDT) which is provided
as part of the CP/M operating system. A full description of DDT is
contained In the NCR CP/M manual. It suffices here to say that
with the aid of DDT, the user can enter instructions in assembly
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language, produce a hexadecimal display of memory on the screen,
initialize areas of memory, list the contents of memory 1n assem-
bly language, transfer the contents of one area of memory to
another, load disk files into memory, change the content of
memory, and execute programs with or without display of CPU
registers. The two DDT commands which are of interest here are
the display of memory (D), and assembly language listing (L). As
BIOS is already present in memory from FBASE upwards, it is
only necessary to load the DDT utilitiy.

The first thing the user can check is the starting address of
BIOS. CP/M has made this check easy by recording this address
in page zero cof the memory in bytes 0001H and 0002H. (Re-
member: Byte 0002H is the most significant byte of the address.)
With DDT loaded, the user can enter DO or LO. The former will
produce lines, each of 16 bytes of memory. The latter will dis-
assemble memory into 8080 assembly language. Assuming that the
BIOS actually begins at DE0O, byte 0001H contains the value 03,
while byte 0002H contains the value DE. To obtain the BIOS
starting address, the value 3 must be subtracted from the address
contained in these two bytes. To check the starting addresses of
this and other BIOS sections, the user can refer to the link-list,
where these addresses are resolved, and observe the instructions
starting at each address.

An important note is justified here concerning the use of the
L command in DDT. The disassembler interprets memory as
assembler instructions. This means that areas of data storage
created by the assembler directives DB, DW, or DS, or memory
areas which simply are not used by the BIOS program, can lead to
incorrect disassembly. Therefore, the user should ascertain that
memory being disassembled contains only valid assembler in-
structions. (Already bytes 0003H and 0004H are data and not in-
struction bytes.) The disassembler does not provide symboals.
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THE BIOS ENTRY POINTS

The section “BDOS Entry Functions” demonstrated the range
of I/O functions which can be used by loading the C and other
registers with entry parameters and calling address O005H. The
BIOS in upper memory includes a similar vector, from which I/O
functions can be activated by means of a programmed call to one
of twenty-one addresses in this vector. A description of these
functions follows. The hexadecimal numbers in parentheses
represent the positive offset (to the BIGS starting point) of the

first byte of the iump instruction which activates that function
(see NBIOS, page 10).

CBOOT -
(0000) D35

Cold start initialization.-
WBOOT

(0003) De 60
Warm start — BIOS is not reloaded.
CONST - (\ sl
(0006) - 7 -/
Console status — returns OFFH in register A if character is
ready, otherwise zero.

CONIN -
(0009) =0 F3

Console character returned in register A. Bit 7 is reset. No re-
turn until a character is typed.

CONOUT = S B

(000C) T . -
Contents of register C is sent to the console device.

LIST E 3 CC

(000F)
Contents of register C is sent to the current listing device. (See
section “Logical Assignment of I/O Devices.”’)

PUNCH

(0012)

Contents of register C is sent to the currently assigned punch

device. (See section “Logical Assignment of I/O Devices.”’)
READER

(0015)

Reader character returmed in register A. Bit 7 is reset. (See
section “Logical Assignment of I/O Devices.”’)
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HOME
(0018)
Disk head moves to track zero position.
SELDSK
(001B)
Selects disk drive according to contents of register C:
O = dnive A ... 3 =dnve D. Register HL returns the address of
the Disk Parameter Header (see section ‘‘Disk Information”),
or zero if the drive does not exist.
SETTRK
(001E)
Selects track number contained in registers BC.
SETSEC
(0021) .
Selects sector number contained in registers BC.
SETDMA
(0024)
Sets DMA address to contents of BC registers. (Register B

must contain the most significant byte of this address.)

The automatic warm boot setting 1s 0080H.
READ
(0027)

Using the set dnve, track, sector, and DMA address, one disk
sector 1s read. Normally, register A returns zero. An error will
return the value 1 and an error message. Thereupon CR will
ignore the error, CONTROL-C will abort.

WRITE

(002A)
Disk sector i1s written. Settings and returns as in READ.

LISTST |

(002D)

Returns status of list device: OFFH in register A indicates that
the device 1s ready to receive a character.
Useful for background printing.
SECTRAN . |
(0030) ,
Moves sector number in BC to HL. .
SPECFUN -
(0033)

Set up parameters for BIOS functions (see NBIOS, page 16).
Non-standard BIOS function.
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SELTYP
(0036) |
Returms parameters for EXCHANGE utility (see NBIOS, page

47). Non-standard BIOS function.
DISPERO

(0039)

Displays error message. Non-standard BIOS function.
CLRLI1
(003C) .

Clears error line. N on-standard BIOS tunctlon

- THE BIOS SECTIONS

This section presents a summary of contents of the BIOS listing.
Numbers In parentheses refer to pages within the relevant section
(M, N, O, P,Q, or R) of the BIOS. The subsequent section ‘“Making
Use of the I/O Functions” will present examples of how to make
use of the BIOS.

MBIOS: - -
RAM integrity check and display of error if occurring. Signing
on message. Assuming no error occurs, this section is over-

| written by NBIOS.

NBIOS: -
BDOS initialization (11).
Cold boot and warm boot (12).
Page zero 1nitialization (13).
Disk, track, and sector selection (17-18).
Set DMA address (18).
CONFIG data, including serial interface parameters (23)
Function Key table (24).
Language translation table for the various keyboards (27).
Translation table: key to control character (29).
- Data for error messages (30).
Memory addresses for disk information (31).
Read from disk (33, 35ff, 40).
Write to disk, mcludmg check for prior allocatlon (33, 35f1f,
40). |
Read and write include data transfer to and from host buffer
Drive selection and disk initialization (39, 41ff)
Parameters for EXCHANGE utility (47).
Data table for different types of disk and deblocking.
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OBIOS: |
Regulate number of read/write attempts, in accordance with
content of retry/restore counters at 020CH and 020DH, rela-
tive to the beginning of NBIOS (10).
Disk formatting (12).
Physical read-from and write-to disk (13ff), including check
for NCR disk (29) and disk error routine (38).

RBIOS: \
Winchester Disk read and write, and status check.

PBIOS:
Keyboard status and input (10).
Punch output, reader input (11).
Scrolling and cursor manipulation (38-54).
Selecting routine according to a control character (26-27,
30-31).
Translation of character in accordance with special keyboard
(238).
CRT inversion and intensity (33-395).
Driving the loudspeaker (36-37).
Final output to CRT (55).

QBIOS:
Routines used in acceptance and interpretation of keyboard
input (5-10).
Expansion of function keys (11-13).
RS-232 interface: Port addresses (22), status data (22), initial-
ization (23), check printer input status (25), check if printer
ready to receive (26), input and output of data (27).
Parallel (Centronics) interface: disable serial interface (29)
output character (30), check if printer ready to receive (30). -

MAKING USE OF THE 1/0 SOFTWARE

The CP/M input/output software operates from read/write mem-
ory to which the user has full access. Within the limitations indi-
cated 1In the section “I/O Functions,” it is possible to retrieve the
system through a programmatic call, even after parts of the
I/O system have been overwritten by a user program. Some
advanced programmers may wish to adjust parts of BIOS to meet
an exceptional requirement. In doing so, the assembler listing con-
tained in the appendix is invaluable. In addition, the programmer

can refet to the final part of this section, “Tables-Routines-
Ports.”
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The majority of users wishing to activate I/O functions at
machine code level will find the BDOS and BIOS entry points
the most convenient modes of access to the I/O functions. You
will notice a considerable similarity between the facilities provided
by these two modes of access. The most striking difference con-
cerns the handling of console input and string output to the console
device. The BDOS function 2 is intended for ASCII printable
characters; in addition, scrolling is carried out as well as printer
echo, if set. Cursor and CRT control functions, however, require
the use of the BIOS function CONIN. The other significant dif-
ference is the enhanced console printing facility fromm BDOS, the
string function 9.

Where possible, programs should use the BDOS entry points'r
These have been provided in CP/M to ensure that your pro;
grams will also run with future developments of BIOS software.
If BIOS enftry points have been used, it is advisable to check the
machine address of the BIOS vector before running user programs

in an I/O system loaded from a different CP/M flexible disk. The
current vector address is hexadecimal DEOO.

SOME 1/0 EXAMPLES |
The following examples are designed to give the user an initial
Introduction to activating I/O functions at machine code level. In
particular, this section cannot provide an extensive guide to pro-
gramming style. The example instructions are given as hexadecimal
machine code written to machine address 100H, i.e. starting
immediately after Page Zero. The corresponding Intel 8080 and
Zillog Z-80 assembly language instructions are also given. The ex-
amples can be assembled using the CP/M ASM utility. (This utility
understands only 8080 instructions.) Alternatively, the Set func-
tion of the DDT utility can be used for direct input in hexadecimal
code. This is particularly useful for very short programs. The Z-80
jump relative (JR) and block transfer (LDD, LDDR, LDI, LDIR)
Instructions are not used in the examples as there are no single
Instruction equivalents in 8080 assembly language. They would,
of course, execute normally if the user were to enter them via the
DDT Set function.

Remember to set suitable breakpoints when using DDT for
test runs. Otherwise the CPU will attempt to read the bytes fol-
lowing your program as instructions.

|
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CAUTION

For experimenting with the I/O software, it is advisable to
use an additional copy of your CP/M flexible disk. In the
event of file damage due to the accidental or incorrect
activation of a disk file handling routine, a replacement
copy can be made using the master flexible disk.

Sound

This example drives the loudspeaker by using the BIOS CON-

OUT function. The tones produced are an ascending scale. The
equate statements:

BIOS EQU ODEOOH

SPEAK EQU BIOS + OCH

Addr.

0200
0200
020%
0205
0207
020A

0100
0100

0102
0103
0105
0108
0109
010C
010D
010t

O10F
0112
0114
0117
0118
0118

Obj. Code Label

OE1B
CDOCDE
OE4D
CDOCDE
C9

ACCEPT:

3E20

3C SCALE:
FE4B

CA1BO1
FS
CD0002
F1
4F
FS

CDOCODE

0OE29

CDOCDE

F1

C30201

00 DONE:

o o w ¢

8080

ORG 200H
MVI C,1BH
CALL SPEAK
MvViI C,4DH
CALL SPEAK
RET

BIOS vector
offset in vector of CONOUT jump

Z-80 comment
ORG 200H

LD C,18H

CALL SPEAK

LD C4DH

CALL SPEAK

RET

: The abowve subroutine is used by the following
- main routine to tell the console device that the
: next two bytes represent frequency and length
- (see section ‘‘Terminal Functions’’).

ORG 100H
MVI A, 20H

INR A

CPl 4BH

JZ DONE
PUSH PSW
CALL ACCEPT
POP PSW
MOV CA
PUSH PSW

CALL SPEAK
MViI C,29H

CALL SPEAK
POP PSW

- JMP SCALE

NOP

ORG 100H
LD A20H ; starting fre-

. Quency
INC A ; next frequency
CP 4BH ; end of scale?
JP Z DONE ; then terminate
PUSH AF
CALL ACCEPT
POP AF
LD CA ; frequency
PUSH AF
CALL SPEAK
LO C29H ; length 100ms
CALL SPEAK ; per tone
POP AF
JP SCALE
NOP
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Invert

This example uses the CONOUT function to invert the CRT dis-
play (dark on light background).
The equate statements:

BIOS EQU ODEOOH ; BIOS vector

CRTOUT EQU BIOS+OCH offset in vector of CON OUT Jump
CBYTE1 EQU 1BH ; 3 byte control sequence

CBYTE2 EQU 47H ; for Video Inverse (see

CBYTE3 EQU 34H ; “Terminal Functions’’)

Addr. Obj. Code Label 8080 Z-80 comment
0100 ORG 100H ORG 100H

0100 OE1B "MVI CCBYTE1 LD C,CBYTE1

0102 CDOCDE CALL CRTOUT CALL CRTOUT

0105 OE47 MVI CCBYTE2 LD C,CBYTE2

0107 CDOCDE CALL CRTOUT CALL CRTOUT

010A 0E34 MVI CCBYTE3 LD C,CBYTES3

010C CDOCDE CALL CRTOUT CALL CRTOUT

Running this routine a second time will reset the CRT display con-
trast to normal if the value of CBYTES is changed to 30H.

Dim
This example sets the CRT writing to half intensity. The equate
statements:

BIOS  EQU ODEOOH ;BIOS vector
CRTOUT EQU BIOS+0CH ; offset in vector of CONOUT jump
CBYTE1l EQU 1BH ; 2 byte control sequence

CBYTE2 EQU 29H ; for Half Intensity (see ‘““Terminal
; Functions”)
Addr. Obj. Code Label 8080 Z-80 comment
0100 ORG 100 ORG 100
0100 OE1B MVI C.CBYTE1 LD C,CBYTE1
0102 CDOCDE CALL CRTOUT CALL CRTOUT
0105 O0E29 MVI C,CBYTE2 LD C.CBYTE2
0107 CDOCDE 'CALL CRTOUT CALL CRTOUT

Running this routine a second time will reset the CRT display to
normal intensity if the value of CBYTEZ2 is changed to 28H.
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Read Keyboard

This example reads each character as it is typed in from the key-
board and displays that character on the screen. The CONIN
function waits each time until a key is pressed. Before the first
character is displayed, the screen is cleared and the cursor set top
left. If a numeric sign (0. . .9) is entered, inverse video 1s activated
temporarily. The program terminates when a dollar sign ($) is
entered, and normal video is restored if necessary.

The equate statements: |

BIOS EQU ODEOOH ; BIOS vector

INKEY EQU BIOS+9 : offset in vector of CONIN jump
CRTOUT EQU BIOS+0CH ; offset in vector of CONOUT jump
CBYTE1l EQU 1BH ; 1st byte of control sequence
CBYTEX EQU 3AH : clear screen and cursor home
CBYTEZ2 EQU 47H ; 2nd byte of control sequence
CBYTEI EQU 34H ; used for inverse

CBYTER EQU 30H ; used for reset inverse

ZERO EQU ‘0’

NINE EQU ‘9’

EOTEXT EQU ‘§ ; end of text sign

Addr.

0200
0200
0202
0205
0207
020A
020C
020F

0210
0212
0215
0217
021A
021C
021F

0220
0222
0225
0227
022A

Obj. Code

OEIB
CDOCDE
OE47
CDOCDE
OE34
CDOCDE
cg

OE1B
CDOCDE
OE47
CDOCDE
OE30
CDOCDE
C9

OE1B
CDOCDE
OE2A
CDOCDE
C9

Label

INVERS:

REVERS:

CLSCRN:

8080

ORG 200H
MVI C.CBYTE1
CALL CRTOUT
MVl C,CBYTE2
CALL CRTOUT
MvVI CCBYTEI
CALL CRTOUT
RET

MVI C,CBYTE1
CALL CRTOUT
MVI C.CBYTEZ2
CALL CRTOUT
MVI C.CBYTER
CALL CRTOUT
RET

MVI C.CBYTE1
CALL CRTOUT
MVI C,CBYTEX
CALL CRTOUT
RET =

Z2-80 comment
ORG 200H
LD C,CBYTE1 : produces

CALL CRTOUT; inverse video
LD C.CBYTEZ2

CALL CRTOUT

LD C,CBYTEI

CALL CRTOUT

RET

LD C,.CBYTE1 ; rewverts to
CALL CRTOUT ; normal video
LD C,CBYTE2

CALL CRTOUT

LD C,CBYTER

CALL CRTOUT

RET :

LD C.CBYTE1l : two control
CALL CRTOUT ; characters for
LD C.CBYTEX ; clear screen
CALL CRTOUT ; and cursor
RET s h
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Addr.

0100
0100
0103
0106
0109
0108
010t
0110
C113
0115
0118
0118
011C
O11F
0120
0121

0124
0127

String

Obj. Code Label

CD2002
CD1002
CDOSDE
FE24
CA2701
FE30
DAZ001
FE39
CA1B01
D22001

F5 INVT:

CD0002
F1

4F PRINT:

CDOCDE
C30301

00 | . DONE:

NEXTE

8080 Z-80 comment

ORG 100H ORG 100H
CALL CLSCRN CALL CLSCRN
CALL REVERS CALL REVERS ; normal video

CALL INKEY CALL INKEY ; read key
- CPl EOTEXT CP EOTEXT : §?

JZ DONE JP Z,DONE - then end

CPlI ZERO CP ZERO -if>=0

JC PRINT JP CPRINT ;and <=9

CP! NINE CP NINE : then tnverse

JZ INVT JP Z,INVT ; video

JNC PRINT JP NCPRINT

PUSH PSW PUSH AF _

CALL INVERS CALL INVERS

POP PSW POP PSW

MOV CA LD C,A . ; character

CALL CRTOUT CALL CRTOUT ; on screen

JMP NEXT JP NEXT

NOP NOP

This example displays a character string using the BDOS Function
9. Note that each character is printed until a dollar sign (§) is
encountered. The dollar sign itself 1s not displayed.

The equate statements:

PZERO EQU 0005 ; address of entry point

OUTSTR EQU 09 ; function number

BIOS EQU ODEOOH ; BIOS vector

CRTOUT EQU BIOS+0CH ; BIOS CONOUT jump

STRING EQU 0200H ; address of string

CR EQU ODH . - ; control character

LF EQU OAH ; control character
Addr. Obj. Code Label 8080 Z-80 comment
0200 ORG 200H ORG 200H
0200 594F552053 DB “YOU SEE, THE DOLLAR SIGN DOES NOT

APPEAR'’

0250 ORG 250H ORG 250H -
0250 Ote0D CRLF: MVI C.CR LD CCR ; subroutine for
0252 CDOCDE CALL CRTOUT CALL CRTOUT; carriage return
0255 OEOA MVI C,LF LD C,LF ; and line feed
0257 CDOCDE CALL CRTOUT CALL CRTOUT
025A C9 RET RET
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Addr. Obj. Code Label 8080 ‘2-80 comment

0100 ~ ORG 100H ORG 100H

0100 CD5002 CALL CRLF CALL CRLF : blank line

0103 110002 ’ LX! DSTRDE LD HLSTRDE ; string addr.
) . in DE

0106 OEO9 MVI C,OUTSTR LD C,OUTSTR

0108 CDO0500 CALL PZERO CALL PZERO

0108 CD5002 CALL CRLF CALL CRLF - blank line

010E CD5002 CALL CRLF CALL CRLF

Duplicate

This is a sample program which stores keyboard input in memory
and duplicates the stored data on the printer as often as you wish.
Starting with a clean 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. You
may enter very large amounts of data — if this program alone is
loaded, you can fill the memory from 300H up to the input/
output system (or up to DDT, if you are testing with this utility)!

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.

This example makes use of Page Zero functions for reading the
keyboard, creating backspaces, and final printing. The BIOS entry

points are used for screen clearing, screen line feed, and printer
line feed.

The equate stater'nen"ts:

BIOS EQU ODEOOH ; BIOS vector

CRTOUT EQU BIOS+0CH ; BIOS CONOUT jump

BLST EQU BIOS+0FH ; BIOS PRINT jump

CBYTE1l EQU 1BH first byte of control sequence
CBYTEX EQU 3AH clear screen and cursor home
PZERO EQU 0005 ‘address of entry point
INKEY EQU 01 Page Zero read keyboard
OUTTXT EQU 02 Page Zero character to CRT
CR EQU ODH Carriage Return

LF EQU OAH Line Feed

EOTEXRT EQU ‘@ end of text sign

STORE EQU 0300H first byte of storage

W0 VS Ve VYIS VS v e

we Do

“ ¢
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BACKSP EQU 08 ; backspace

SPACE EQU 20H ; ASCII space

LSTOUT EQU 5 ; Page Zero character to printer
UPPERR EQU 52H ; upper case R

LOWERREQU 72H lower case r

. 8080 Z-80

Addr. Obj. Code Label comment

0200 ORG 200H ORG 200H

0200 ES RFADIN: PUSH H PUSH HL - wait for

6201 OEO01 MVI C,INKEY LD C,INKEY ; and read

0203 CDO0500 CALL PZERO CALL PZERO : key

0206 E1 POP H. POP HL

0207 C9 RET RET

0208 ES5 CRTLF: PUSH H PUSH HL - adds screen line

0209 OEOA MVI C,LF LD C.LF - feed to CR

0208 CDOCDE CALL CRTOUT CALL CRTOUT :; detected

020E E1 POP H- POP HL : in main routine

020F C9 RET RET

0210 ES PRTCLR: PUSH H PUSH HL : CR during

0211 OEOD MVI C,CR LD C,CR . print

0213 CDOFDE CALL BLST CALL BLST

0216 E1 POP H POP HL

0217 ES PRTLF: PUSH H PUSH HL - LF during

0218 OEOA MV C,LF LD C,LF . print

021A CDOFDE CALL BLST CALL BLST

021D E1 POP H POP HL

021E C9 RET RET

021F ES BLANK: PUSH H PUSH HL : backspace

0221 O0EO02 MVI C,OUTTXT LD C,OUTTXT : and erase

0223 1E20 MVI ESPACE LD ESPACE : one character

0224 CDO0500 CALL PZERO CALL PZERO

0227 1EO0S8 MVI E,BACKSP LD E,BACKSP

0229 O0€£02 MV!I C,OUTTXT LD C,OUTTXT

0228 CDO0500 CALL PZERQO CALL PZERO

022 E1 POP H POP HL.

022F C9 RET RET

0230 OE1B CLSCRN: MVI C,CBYTE1 LD C,CBYTE1 : clear screen

0232 CDOCDE CALL CRTOUT CALL CRTOUT: and home cur-
s SOf

0235 OE3A . MVI CCBYTEX LD C.CBYTEX

0237 CDOCDE CALL CRTOUT CALL CRTOUT

023A C9 RET RET -
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Addr.

0100
0100
0103
0106
0109

010A

01G8
0100

0110
0111

0112
0115
0118

O11A

011D
0120
0123
0125
0128

0128
012C

O12E
0131

0133
0134
0135
0138
0139
013A
013C
O13F
0142

0143
0146
0149
014C
014F
0152
0155
0157

O015A
015C

Obj. Code

CD3002
210003
CDO0002
77

23

FEOS
C21801

2B
2B

CD1FO02
C30601
FEOD

C22301

CDO0802
C30601
FE24
C20601
210003

7/E
FE24

CA4601 -

OEOS
SF

ES
CDO0500
E1

7€
FEOD
C24201
CD1702
23

C32801
CD1002
CD1002
CD1002
CD1002
CD0002
FES2
CA2801

FE72
CA2801

DONE:‘.
| - CALL PRTCLR

Label

START:

NEXT:

NOBACK:

NOLF:
PRINT:

NEXTP:

NONLIN:

CP/M-80 SOFTWARE FOR INPUT/OUTPUT

8080

ORG 100H
CALL CLSCRN
LXI HSTORE
CALL READIN
MOV MA

INX H

CPl BACKSP
JNZ NOBACK

DCX H
DCX H

CALL BLANK
JMP NEXT
CPI CR

JNZ NOLF

CALL CRTLF
JMP NEXT
CPl EOTEXT
JNZ NEXT
LXlI HSTORE

MOV AM

- CPl EOTEXT

JZ DONE

MVI C,LSTOUT

MOV EA
PUSH H
CALL PZERO
POP H

MOV AM
CPl CR

JNZ NONLIN
CALL PRTLF
INX H

JMP NEXTP
CALL PRTCLR

CALL PRTCLR
CALL PRTCLR
CALL READIN
CPl UPPERR
JZ PRINT

CPl LOWERR

JZ PRINT

2-80 comment
ORG 100H
CALL CLSCRN
LD HLSTORE
CALL READIN
LD (HL),A : key code in
; storage
INC HL ; point to next
; byte
CP BACKSP .
JP NZNOBACK; if backspace
. remove
DEC HL - I
DEC HL ; character from
| ; screen
CALL BLANK : and storage
JP NEXT ; if CR provide
CP CR : line feed on
; screen
JP NZNOLF ; butnotin
| . storage
CALL CRTLF
JP NEXT

CP EOTEXT ; go to key input

JP NZNEXT : if not eotext.

LD HLSTORE ; reset storage
< ; pointer

LD A, (HL) ; fetch byte

CP EOTEXT ; until eotext

. sign

JP ZDONE |
LD C.LSTOUT ; call Page Zero
LD EA : print routine
PUSH HL
CALL PZERO
POP HL
LD A,(HL) - fetch same byte
CP CR ; if CR add LF
JP NZ,NONLIN ;
CALL PRTLF
INC HL ; point to next

- ; byte
JP NEXTP

CALL PRTCLR; blank Iine's‘

CALL PRTCLR

CALL PRTCLR

CALL PRTCLR

CALL READIN ; read keyboard

CP UPPERR ; print again if

JP ZPRINT ; required key
has

- CP LOWERR ; been pressed.

JP ZPRINT
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Disk File Random Access

The examples conclude with a more extensive program of file
creation and retrieval. The program listed below performs the sim-
ple function of reading or writing random records upon command
from the terminal. Given that the program has been created, as-

sembled, and placed into a file labeled RANDOM.COM, the CCP
level command

RANDOM X.DAT

starts the test program. The program looks for a file by the name
X.DAT (in this particular case) and, if found, proceeds to promnt
the console for input. If not found, the file is created before the
prompt is given. Each prompt takes the form

next command?

and is followed by operator input, terminated by a carriage return.
The input commands take the form

nW nR Q

where n is an integer value in the range O to 65535, and W, R, and
Q are simple command characters corresponding to random write,

random read, and quit processing, respectively. If the W command
is 1ssued, the RANDOM program issues the prompt

type data:.

The operator then responds by typing up to 127 characters, fol-
lowed by a carriage return. RANDOM then writes the character
string into the X.DAT file at record n. If the R command is issued,
RANDOM reads record number n and displays the string value at
the console. If the @ command is issued, the X.DAT file is closed,

and the program returns to the CCP. In the interest of brevity, the
only error message 1s

error, try again.

The program begins with an initialization section where the input
file 1s opened or created, followed by a continuous loop at the
label “ready’ where the individual commands are interpreted. The
default file control block at 005CH and the default buffer at
O080H are used in all disk operations. The utility subroutines then
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follow, which contain the principal input line processor, called
“readc.” This particular program shows the elements of random
access processing, and can be used as the basis for further program
development.

The equate statements:

REBOOT EQU 0000H system reboot
PZERO EQU 0005H Page Zero entry point
INKEY EQU 1 - console input function
CRTOUT EQU 2 console output function
OUTSTR EQU 9 print string until ‘$’
RSTRING EQU 10 read console buffer
VERSION EQU 12 return version number
OPENF EQU 15 : file open function
CLOSEF EQU 16 ; close function
MAKEF EQU 22 make file function
READR EQU 33 read random

WRITER EQU 34 write random

“ ¢

Ve VWl NV v @

Me Vv Ve w»

FCB EQU 005CH ;. default file control block
RANREC EQU FCB+33 random record position
RANOVF EQU FCB+35 high order (overflow) byte
BUFF EQU 0080H buffer address

LY I ] [V I ] “» ¢ (¥ ]

CR EQU ODH ; carriage return
LF EQU OAH ; line feed
Addr. Obj. Code Label 8080 Z80 comment

Load SP, Set-Up File for Random Access

ORG 100H ORG 100H

0100 31BCO02 LXlI SPSTACK LD SPSTACK

: version 2.0 or better ?
0103 OQEOC MVI C,VERSION LD C,VERSION
0105 CDO0500 CALL PZERO CALL PZERO
0108 FE20 CPl 20H CcP 20H
010A D21601 JNC VERSOK JP NC,VERSOK

: bad version, message and go back
010D 111800 LXI D.BADVER LD DE,BADVER
0110 CDDAO1 CALL PRINT CALL PRINT

0113 C30000 JMP REBOOT JP REBOOT
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Addr.

0116
0118
0118
O11E
OT1F

0122
0124
0127
012A
0128

012E
0131
0134

0137
013A

013D
0140
0142
0144

0147
0149
014C
014F
0150
0153

0156
0158

0158
O15E
0161
0163

340

Obj. Code

OEOF
115C00
CDO0500
3C
C23701

OE16
115C00
CD0500
3C
C23701

113A02
CDDAGT
C30000

CDESO1
227D00

217F00
3600
FEST
C25601

OE10
115C00
CDO0500
3C
CAB901
C30000

FES7
C28901

114D02
CDDAO1
OE7F
218000

Labe!

VERSOK:

Qe

L3 ]

8080 Z-80 comment
correct version for random access

MVI C,OPENF LD C,OPENF

LXI D,FCB LD DE,FCB

CALL PZERO CALL PZERO

INR A INC A ., err 255
JNZ READY JP NZ,READY : becomes 0

cannot open file, so create it
MVI CMAKEF LD CMAKEF

LX! D,FCB LD DE,FCB

CALL PZERO CALL PZERO

INR A INC A . err 255
JNZ READY 4P NZ,READY : becomes O

cannot create file, directory full

LXI D,NOSPACE LD DE,NOSPACE
CALL PRINT CALL PRINT
JMP REBOOT JP REBOOT

Loop Back to Ready After Each Command

READY::

@ QO

Qe

file is ready for processing

CALL READCOMCALL READCOM :next com-

;mand
SHLD RANREC LD(RANREC),HL ;store input
;record #
LX!I H,RANOVF LD HLLRANOVF
MVI M0 LD (HL),0
CPl ‘Q’ CP ‘Q’ ; quit
JNZ NOTQ JP NZNOTQ
quit processing, close file
MVI C,CLOSEF LD C.CLOSEF
LX! D,FCB LD DE,FCB
CALL PZERO CALL PZERO : err 255
INR A INC A . becomes 0
JZ ERROR JP ZERROR
JMP REBOOT Jp REBOOT

End of Quit Command, Process Write

NOTQ:

s

not the quit command, random write?
CPl ‘w’ cP ‘w’
JNZ NOTW JP NZNOTW

this is a random write, fill buffer until cr
LX!I D,DATMSG LD DE,DATMSG

CALL PRINT CALL PRINT
MVI C,127 LD C,127 . max character
LXIl H,BUFF LD HL,BUFF . destination
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Addr. Obj. Code Label
RLOOP:
0166 Cb5
0167 EbS
0168 CDC201
0168 E1
016C C1
016D FEOD
016F CA7801
0172 77
0173 23
0174 OD
0175 C26601
ERLOORP:
0178 3600
017A OE22
017C 115C00
017 CDO0500
0182 B7
0183 (C2B901
0186 C33701
NOTW:
0189 FEbB2
0188 C2B901
018 OE21
0190 115C00
0193 CDO0500
0196 B7
0197 C2B901
O019A CDCFO1
0190 OE80
018F 218000
WLOOP:
01A2 7E
O1A3 23
O1A4 EGJF
01A6 CA370t1
01A9 C5
O1AA ES
O1AB FE20
O1AD D4C801

CP/M-80 SOFTWARE FOR INPUT/QUTPUT

8080 Z.80 comment
;read next character

PUSH B PUSH BC

PUSH H PUSH HL

CALL GETCHR CALL GETCHR; chartoreg A
POP H POP HL

POP B POP BC

CPl CR CP CR ; end of line?
JZ ERLOQP JP Z,ERLOOP

not end, store character

MOV MA LD (HL),A

INX H INC HL ; next to fill

. DCR C DecC C

JNZ RLOOP JP NZ,RLOOP ; end of buffer?

end of read laoep, store 00
MVI M0 LD (HL),0

write tha record to selected record number
MVI CWRITER LD CWRITER

LX! D,FCB - LD DE,FCB

CALL PZERO CALL PZERO

ORA A OR A ; error code 07
JNZ ERROR JP NZ,ERROR

JMP READY JP READY - another record

End of Write Command, Process Read

not a write command, read record?
CPl ‘R’ CP ‘R’
JNZ ERROR JP ZERROR

read reahdom record
MVI C,LREADR LD C,READR

LX! D,FCB LD DE,FCB

CALL PZERO CALL PZERO

ORA A OR A : return code 0?7
JNZ ERROR JP NZ,ERROR

read was successful, write to console

CALL CRLF CALL CRLF : newline
MVI C,128 LD C,128 : max chars
LX!I HBUFF LD HL,BUFF ; point to next
MOV A M LD A,(HL) : next char
INX H INC HL ; point to next
ANl 7FH AND 7FH : mask bit 7
JZ READY JP NZ READY ; another com-
; mand
PUSH B PUSH 8C
PUSH H PUSH HL
cey ‘' ce '’ . allowable char?
CNC PUTCHR CALLNCPUTCHR
; only if allowa-
: ble
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Addr.

0180
01B1
0162
0183
01B6

Cc1B89
01BC
O1BF

01C2
01C4
01C7

01C8
01CA
01CB
01CE

O1CF
01D1
01D4
01D6
01D8

O1DA
01D8B
O1DE
O1DF
O1E1
O1E4

O1ES
O1E8
O1EB
Q1€ED
01FO0

342

Obj. Code

E1
Ci
0D
C2A201
C33701

115902
CDDAO1
C33701

OEO1
CDO500
C9

OEO2

5F
CDO0500
C9

3EO0D
CDC801
3EOA
CDC801
C9

D5
CDCFO1
D1
OEOS
CDO0500
C9

116802
CODAO1
OEOA
117A02
CD0500

L abel

ERROR:

8080

POP H
POP B
DCR C
JNZ WLOOP
JMP READY

Z-80 comment
POP HL
POP BC
DEC C

JP ZWLOOQP
JP READY

; counter

End of Read Command, All Errors End Up Here

Xl D,ERRMSG G DOc ,ERRMSG

CALL PRINT
JMP READY

CALL PRINT
JP READY

Utility Subroutines for Console 1/0

GETCHR:

»

PUTCHR:

CRLF;

PRINT:

‘read next console character to a

MVI C,INKEY
CALL PZERO
RET

LD C,INKEY
CALL PZERO
RET

-write character from a to console
MIV C.CRTOUT LD C,CRTOUT ; character

MOV EA
CALL PZERO
RET

LD EA
CALL PZERO
RET

, 1O screen

;send carriage return line feed

MV!I ACR
CALL PUTCHR
MVI ALF
CALL PUTCHR
RET

LD ACR
CALL PUTCHR
LD A,LF
CALL PUTCHR
RET

;print the buffer addressed by de until $

PUSH D

CALL CRLF
POP D

MVI C,OUTSTR
CALL PZERO
RET

READCOM:
;read the next command line to the conbuf

LXI D,PROMPT
CALL PRINT

PUSH DE
CALL CRLF
POP DE
LD C,OUTSTR
CALL PZERO
RET

LD DE,PROMPT
CALL PRINT

MVI C,RSTRINGLD C,RSTRING

LXI D, CONBUF
CALL PZERO

LD DE,CONBUF
CALL PZERO

. ‘command?’
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Addr. Obj. Code Label 8080 Z2-80 comment
: command line is present, scan it
O1F3 210000 LXI HO LD HL,0
O1F6 117CO02 LX! D,CONLIN LD DE,CONLIN; command line
01F9 1A READC: LDAX D LD A,(DE) - command char
O1FA 13 INX D INC DE : point to next
. char
C1F8 B7 ORA A OR A : zero char?
O1FC C8 RZ RET Z
; not zero, numeric?
01FD D630 Sul ‘O sSuB O
O1FF FEOA CFI 10 CF 10
0201 D21302 JNC ENDRD JP NC,ENDRD ;ie.ifnot
: add-in next digit ; numeric
204 29 DAD H ADD HLHL ; *2
0205 4D MOV C,L LD C,L
0206 44 MOV B,H LD 8,H ;: bc = value *2
0207 29 DAD H ADD HLHL ; *4
0208 29 DAD H ADD HLHL ; *8
0209 09 DAD B ADD HL,BC : *10
020A 85 ADD L ADD A,L : + digit
020B ©6F MOV LA LD LA
020C D2F901 JNC READC JP NC,READC :; another char
020F 24 INR H INC H
0210 C3F901 JMP READC JP READC
ENDRD:
; end of read, restore value in a
0213 C630 AD! ‘O’ ADD A0’
0215 FE®61 CcPl ‘A’ CP ‘a’ : translate
0217 D8 RC RET C : case?
; lower case, mask lower case bits
0218 EGSF ANI 010111118 AND 010111118B
021A C9 RET RET

Areas for data storage required by the program:

String Data Area for Console Messages

BADVER:
0218 536F72 DB ‘Sorry, you need cp/m version 2%’
NOSPACE:
023A 4E6GF20 DB ‘No directory space$’
DATMSG: -
024D 547970 DB “Type data: $’
ERRMSG:
0259 457272 DB ‘Error, try again $
PROMPT:
026B 4E6578 DB ‘Next command? $’

s
’
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Fixed and Variable Data Area

027A 21 CONBUF: DB CONLEN ; length of console buffer
0278 CONSIZ: DS 1 ; resulting size after read
027C CONLIN: DS 32 : length 32 buffer
0021 = CONLEN EQU $CONSIZ
029C DS 32 : 16 level stack

STACK:
02BC END

INTERFACING PRINTERS
The following ovresents 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 i1s 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 1s enabled, so
data are transmitted bit by
bit via the TxD line.

3. When the printer buffer is nearly
(typically 3/4) full, an XOFF
signal 1s generated.

4. The computer waits with

further data . . . . . .while the printer empties its
1ts buffer.

5. When the buffer is empty, XON
1S once again generated.

6. Data transmission is once
again enabled.

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
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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.

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 K211 or K212 kit.

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 3.11 summarizes the actual port ad-
dresses used by these interfaces.

2651 REGISTER ADDRESSING

Port (Hex) Signals Required * 1
K212 K211 | Function
K213 CE BAO BA1 BA2 |

- - 1 X I X 1 X Tri-state data bus

60 70 O10 0 0 Read receive holding register
64 74 0f§{oO 0 1 | Write transmit holding register
61 71 F 0 H 1 0 H 0 Read status register

65 75 O] 1 0 h 1 Write SYN1/SYN2/DLE registers
62 72 o|o d 1 | 0 | Read mode registers 1/2

66 76 O} O 1 1 Write mode registers 1/2

63 73 o} 1 1 0 Read command register

67 77 0 1 i 1 1 [ Write command register

) |

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

Figure 3.11

345



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 functon. It may aiso result in
permanent damage to your computer, adapter, or external
device.

TABLES-ROUTINES-PORTS

Tables
The following areas of data storage are contained in the BIOS area.
The numbers In parentheses following the BIOS section desig-

nations refer to line numbers in the BIOS program listing con-
tained in the Appendix.

N(210) |
The BIOS entry points: a vector of unconditional jump in-
structions.

N(450)
The final machine addresses for the BIOS functions.
N(710)
Addresses of NBIOS tables; I/O Byte data; number of flexible
disk drives; retry/restore counters; system recovery param-
eters; standard parameters for senal I/0O.
N(760)
Table of Function Key functions.
N(880)
Language translate table for specific keyboards.
N(960) |
Keyboard translate table for hex values >7F.
N(1005)
Error messages.
N(1030)
Memory areas used for disk information.
N(1570)

Disk format data for NCR SS-DD, NCR DS-DD, non NCR,
and Hard Disk.
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0(1360) |

FDC Command and Error storage.
0O(1370)

Parameter block for sector one read.
0(1390)

Disk information storage.
P(1070)

Data table cf CRT control functions.
P(2080)

Storage area for video data.
(630) |

Storage area for Function Key data.

Q(940)
Serial/parallel interface active and XOFF flags.

Routines

This section presents tables of cross references regarding CALL
instructions (including conditional calls) to routines external to
the calling section. Calls to the basic arithmetic routines contained

in NBIOS (MULT, MOVE, MOVEL, SUBHLDE, COMDEHL,
CMPRE, OFST) are not included.

called by NBIOS

ROUTINE | LOCATION || ROUTINE | LocaTion
IN BIOS | INBIOS
CHECKOS 0 READID 0
CONIN H P | Reapsect 0
CONOUT P RDTRAK 0
CREAD 0 RESET o
DISKIO 0 SECSET 0
DMASET o TRKSET | 0
DSKERR | o WINIT P
DSKSET 0 WRCUPOQ [ P

Figure 3.12 (1 of 4)
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called by OBIOS

ROUTINE LOCATION

IN BIOS
CLOSE o
CLRLIN N
CONIN P
DISPERR N
DSKGET N
FIXINIT N
FLUSH N

Figure 3.12 (2 of 4)

- called by PBIOS

ROUTINE LOCATION

IN BIOS
CRLIN N
GETLPOS Q
KBDINIT | Q

Figure 3.12 (3 of 4)

called by QBIOS

ROUTINE LOCATION

| IN BIOS
ROUTE r
TRNCHR P

Figure 3.12 (4 of 4)
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Ports

The following is a summary of the available I/O ports used by the
BIOS. The following information regarding each port is given:

® Hexadecimal port number as used in assembler IN and OUT
instructions, and whether used as Input or Output Port by the
10S. .
® The BIOS symbolic name for the port and the BIOS routines
using it. | |
e Additional information regarding BIOS use of the port.

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 3.13). Suggestions regarding the use of GDC
ports are given in the section ‘““Graphics.”

IN 13
SYSSTA o
Used by ID (OBIOS), DMAO1 (OBIOS), FDCIN1 (OBIOS),

MOTORCK (OBIOS), DSKERR (OBIOS).

ID and FDCIN1 use this port to check and wait for an inter-
rupt from the disk controller. The interrupt is only valid if bit
3 in register A is set following the IN instruction. The routine .
will then proceed to read the disk identity. @

DMAO1 and DSKERR check bit 2. If bit 2 is not set, then the
disk is not ready. .
MOTORCK checks bit 0. If bit O is set, then the motor is not
yet switched on.

OUT 14
MOTORON
Used by MOTORCK (OBIOS).
MOTORCK uses bit O to turn the motor on.
vt Bttt ToR pey
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OUT 26

COAD
Used by DMA1 (OBIOS).
The DMA address is transmitted via this port, first the low
byte followed by the high byte without any intervening con-
trol information.

OuT 27

COTC ?
Used by DMA1 (OBIOS).
The DMA length is transmitted via this port, first the low
byte followed by the high byte without any intervening con-
trol information.

OUT 2A
DMAMB

Used by DMA1 (OBIOS) and DMAO1 (OBIOS).
Bits O and 1 are set, other bits reset, to enable the FDC channel
following initialization of DMA.
To disable the FDC channel, bits O, 1, and 2 are set.
OUT 2B
DMAMO
Used by DMA1 (OBIOS) to set the DMA mode.
To set the read mode, bits 0, 1, 2, 3, and 6 are set, the others

reset. For the write mode, bit 0, 1, 2, and 6 are set, the others.
reset. |

IN 40

RDKEY
Used by BELL (PBIOS), KBDINIT (QBIOS), and PKEYIN
(QBIOS).
Reads a character from the keyboard.

IN 41

RSKEY
Used by BELL (PBIOS), KBDINIT (QBIOS), and PKEYST
(QBIOS).

A character 1s ready if bit O is set. The language code is ready
if bit 7 is set.

OUT 41
KBELL
Used by BELL (PBIOS). Also KCOUNT used by KBDINIT
(QBIOS). - |
Drives the loudspeaker. If value Reg. A = 1, then it constitutes

an instruction to return the country code during keyboard
initialization.
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IN 50
DSTAT
Used by FDCRD1 (OBIOS) and DMAO1 (OBIOS).
Bit 7 set indicates that disk is ready.
OUT 51
DCOMD
Used by DHOME (OBIGOS), FDCWAIT (OBIOS), FDCINI1
(OBIOS). | |
Used in the transmission of disk, head, and track number to
the disk controller.
IN 51
FDCRA
Used by FDCINI1 (OBIOS) and GETBY (OBIOS) to read in

information from the disk controller.
IN 60

SPRDATA
Used by SRLINST (QBIOS) and SRLIN (QBIOS).
Reads in data from serial interface, including XON/XOFF
status.

OUT 60

PBDA

Used by PRTOUT (QBIOS) as output port for parallel data
transmission.

IN 61

SPRSTAT .
Used by SRLINST (QBIOS) and SRLPRST (QBIOS); also
PBSTA used by PRTSTAT (QBIOS). |
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 set indicates a parity error, and bit 4 set indicates
an overrun. Bit 1 set i1s used to indicate that the transmitter
1s ready.
For the parallel interface, bit 1 set or bit 5 set indicates that
the device is not yet ready. |

IN 63, OUT 67

SPRCOM, SPWCOM

Reads and transmits error information.
OuT 63

PBCOM

Used by PIOINIT to initialize the parallel interface.
OUT 64 .

SPWDATA
Used by SRLCOUT for serial output of data.
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OUT 66

SPWMODE
Used by SIOINIT to initialize the serial interface. The first
of the two output commands determines stop bits, parity,
and character length, using the data stored in NBIOS (line 710,

see ‘““Tables”). The second command determines the baud
rate.

OUT 67
SPWCOM
Used to enable transmitter and receiver in the serial interface.
IN AO
GDCSTA
Used in console I/O to determine whether the graphic display
unit can accept a character. Bit 1 reset means a character can
be transmitted. Bit O set means that data is ready for trans-

mission to the graphic display. Bit 3 set means that drawing
is actually being carried out.

OUT A0, OUT Al

GDPAR, GDCOM
Used for output of control and printable data to the graphic
display in QBIOS.

IN CO

DATA
Used iIn RBIOS for block input of data from the Winchester
disk controller (256 bytes at a time).

OUT CO

DATA ) |
Used 1n RBIOS for block output of data to the Winchester

disk controller (256 bytes at a time).
IN C1

ERROR

Used in RBIOS for detailed definition of 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 indicates an error in the data field. If neither of these two

bits is set, the error cannot be defined and is considered to be
a fatal error.

OUT C2
SECNT

Used in RBIOS to set the sector number during formatting.
IN C3

SECNO
Used in RBIOS to check whether disk controller is ready.
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OUT C3

SECNO
Used in RBIOS to set a sector number. Output 55H indicates
that disk ccntroller is ready.

IN C4

CYLLO
Used in RBIOS to check whether disk controller is ready.

OUT C4

CYLLO
Used 1In RBIOS to set a cylinder number. Output OAAH is
used for checking purposes.

OUT C5

CYLHI
Used in RBIOS to set the higher order part of the cylinder
number.

OUT Co6

SDH -

Used in RBIOS to give the Winchester disk controller infor-
mation regarding drive, head, sector size, and error checking.
All this control information is passed in a single output in-
struction (see RBIOS, page 10).

IN C7
Used 1n RBIOS to accept status information from the Win-
chester disk controller. 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.

OUT C7

Used in RBIOS to select the read (20H) or write (30H)
function.

OUT 10
Bit O set switches the first 2000H bytes of main memory into
the address area 0-1FFFH.

OUT 11

Bit 0 set switches the firmware ROM into the address area

O0-1FFFH.
OUT DO

Bit O set switches to the Z-80® processor. If the Z-80 proces-
sor 1s presently activated, the 16-bit processor becomes active
in its place.

Figure 3.13 provides a detailed map of the NCR DECISION
MATE V ports. Before referring to this figure, you must read the

cautionary note which immediately precedes the list of ports used
by the BIOS.
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i KEV:R/W | KEY: RW ‘ |
DATA COMMAND . | :
1
IFOC: RMAIN | FDC: R/W
| STATUS DATA -
6 I IFSELOA K210, K211, K213
7 I IFSEL 1A K211, K215
8 f TIMER: R'W | TIMER: RW | TIMER: RW | TIMER:W- | H
| COUNTERO | COUNTER 1 COUNTER 2 MODE ' |
9
} N - S .~ o o )
A : GOC GDC ‘
RSTATUS R-DATA ZOOM _ ,
| WPARAM | WCOMMAND | ‘ j
8 | (FseEL3AY ]
c | 1FseL&a; WINCHESTER DISK - T . l
i
o | 168IT PR 3 R
1 SWITCH B ' ' ‘ - - ﬁ
E | 64k 64K [ 64K | 64K [ 64K l 64K l 64K I 64K
RAM RAM RAM RAM RAM RAM RAM RAM
' R A v BANKS O - 7
¢ 1/0
EXPANSION

Figure 3.13 (1 of 2)

NOTE: In Figure 3.13, 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 available. 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 en-
sure that your software can use all the IFSEL codes. The

IFSEL codes given in Figure 3.13 for these kits constitute
default suggestions.
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LOW .
8 t’ ° A s H c o € ¢
HIGH
{ o TIMER TIMER TIMER TIMER 8265 8255 8255 8255
COUNTERO | COUNTER 1 | COUNTER 2 WRITE PORT A: PORT 8: PORT C: COMMAND
MODE LED SWITCH CONTROL
») ( A G N (o} S € R
‘ H
2 OMA: DMA - DMA: DMA: DMA: DMA: DMA: OMA :
RSTATUS W-REQ. WF0C W-MOOE CLR RMASTER CLR MASK W-ALL
W-COMMAND REG. ENABLE POINTER CLEAR REG. MASK BITS
3 IFSEL 28 K804 H
T _

4

$
| u

6 ' (FSEL 08

|

7 ! iFseL 18

s ]

9

A

8 | |FseL 38 K600

i

c IFSEL 48 K803

o ‘ 5 '

e ’

F

Figure 3.13 (2 of 2)

When using K801 with a plotter, you should select IFSEL
OA

IFSEL OB is required by hardware in conjunction with
K210, K212, and K213. -'
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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 3.14 shows the errors indicated by
various LED-on combinations. The LED numbers refer to the
numbers printed on the LED panel.

LED - OuUT SIGNIFICANCE
1 ON | PORTOO e
None FF * Check complete
1+8 1€ Sumcheck error
2+8 | BE GDC error
3+8 DE Disk drive error
4+8 . EE # 16-bit processor error
5+8 F6 Keyboard error
6+8 | FA DMA error
748 FC Memory error
1Al | 00 | Processorerror
_ i |
Figure 3.14
COLOR

It is not possible to set color by means of a terminal function
code. However, you can set color by means of the CRT attribute
byte at the absolute memory address F345.

Foreground and background colors are determined by the six
most significant bits of the attribute byte (see Figure 3.15). Bit
one set activates video blinking.

If you are using one of the special versions of the operating
system for either Arabic or the Dead-Key facility, you should

also refer to the information immediately following the BIOS link-
h'st at the end of Appendix B.
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CRT ATTRIBUTES

COLOR Binary value in 3 bits:
| BACKGROUND FOREGROUND
' (Bits 7, 6, b) (Bits 4,3, 2)
White 0 7
Cyan 1 6
Magenta 2 5
H Blue 3 4
H Yellow 4 3
Green 5 2
Red 6 1
L Black 7 0
Figure 3.15

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 A0 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 256 K 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 OA1H instruction). Data and other parameters fol-
lowing a particular command are received at port AQO. Status
information can be read at port AO (IN OAOH mstructlon) 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.
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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.

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 ieft of the secona line, ar.d 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 possrble |
to make repeated use of the parameter RAM contents w1thout
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 1mt1-_
alization program of the NCR DECISION MATE V firmware in
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Z-80 assembly language. You may also wish to refer to the manu-
facturer’s description of the PD7220-1 integrated circuit.

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 O 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 O l s t art (L l
1 | B | 1 | N |

Byte 1 ‘ s t ar t (M) ]
1 1 1 1 4~4 1

Ryte 2 l l e n (L) f_l_o 0 lstart(H)J |

Byte 3 lWDl IM_l len(H) ]

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 O (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

.
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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
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 compleuion 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 AO. 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 beforq
transmitting a command or parameters to the GDC.

Bit 2: when set, this bit indicates that the FIFO buffer 1s
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
1s 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 contams
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.
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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
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: O.

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.
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Cursor and Character — Command byte: 4BH.

This is normally used to set up the cursor by means of 3 parameter
bytes.

Byte 1 [CDO ol - Lines ]

1 | b | 4

Byte 2 I BL (L)| CB T o p j

Byte 3 [Bottom ] BL (H) ]
| 1 A , o |

A

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 1s not dis-
played. Top contains the top line number in the row defined by
Lines. If CB 1s reset, the cursor will blink 1n 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 1dle 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 1ts 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.
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Position Cursor — Command byte: 49H.

Byte 1 [ Word Address (L) J
1 1 A .| 1 1 4

Byte 2 l Word Address (M) - l
{ 1 1 1 L [

Byte 3 [ Dot lo o WA(H)]

1 ¢ 1 B |

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 1s to be situated. The character mode does not require
parameter byte 3. Remember that the origin for counting word
addresses i1s 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 1t 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 1in 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 b1t-map graphrcs 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 1s to govern the write operation.

Command [ 0 0 1 J ’I‘ype 0 LogicJ

i |

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 correspondmg 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 consrst
of one or two bytes

Byte 1 [ W ord (L) or Byte;]

Byte 2 L Word (H) I
| i 1 1 | 4

It 1s 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 Flgure)

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.

H i ]

Byte 1 [SL R lA,CT G| L ]Direction ]

Tne 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 drawmg
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.

N
/]

In terms of arc drawing from a point, the following diagram
applies:

/.
N,
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The remaining parameters are distributed over the remaining
ten bytes as follows:

Byte 2 [ D 1 (L) _J
1 1 1 1 1 L1
Byte 3 l 1MG1 D1 (H |
Y 0 . |  — 1( )1
Byte 4 ] D 2 (L)
] | 1 — — A i

Byte 5 ‘ 0, Ol D 2 (H)

1 i

Byte 6 [ D 3 (L)
| 1 1 1

Byte7 [010 D3(H)

1 . 1

Byte9 | o o| , D40

Byte 10 L ) D 5 (L)

Byte 11 {0 0 D5 (H)
, i

1

]
]
]
|
s | e |
]
|
]

Bit MG in byte 2 must be set to denote ;graphlcs drawmg.

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 dlstance
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D4 = 2 * the shorter of the two distances; D5 = initial setting.
D2 and D3 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; Db = 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 ia 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.

367

lad



Draw — Command 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 Dispiay 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 o0 1| Type | 0 [ LogicJ

I 1 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 O nor 4, you should issue a Mask command with all the
parameter bits set. Perhaps the most easily understandable Du'ec'-
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 i1s 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 FIFO 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: OEOH.

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

Byte 1 r Word Address (L) J
) | { A i i 1 1

Byte 2 [ Word Address (M) ]
2 | . ) I A 1

Byte 3 LO 0O O 0 G 0 TWA (H)]
1 | i 1 | !

Byte 4 ' Dot (L) ]
L 1 1 1 1 1 1 1

Byte 5 | -~ Dot (H) l
1 | U | 1 1

Note that the dot position 1s not répresented by a binary value in
4 bits, but as one set bit among 15 zero bits.

DMA Transfer — Command byte for read request:

[0 s [ [+ oo |
S| i 1 1

Command byte for write request: -

[0 0 llType TllLogicj
1 1 1 1

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
ouffer does not overflow. Checking status bit 1 before transmitting
ensures that there 1s 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

369



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, 1t 1s
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 pregram should noat make an
early termination (i.e. termination before D1 has decremented to
zero) of the read sequence dependent on the FIFO bufier 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, DW, or DS at the time of discussion of the ﬁrst
routine which makes use of that particular storage definition.

Remember to include the ORG 100H directive at the beginning of
the program.

100 ”FJ 100H
! , -

The 16-bit area SPSTORE is included in order to remind you to

consider setting up your own user stack. This might become
necessary 1if you intend to extend the graphics examples. You can
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edit, assemble, and test the programs as described in the section
“Some I/O Examples.”

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

0102 +5 Ouits  PUSH FSK
(1103 DEAC uirciz  IM 0ACH
ul0s E6lA AL UhR
0107 203061 JHZ OUTCH
0104 F1 PUP PO
L:OE D3l UUT OAIH
gial o¥ RET

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

(10F DB&G HUE S W 1
U1 E6fA AKI Oah
0112 C20EQ: JHZ GUTF
U1ia 7t GuUTFL:s  fay A.fl
(114 [3AC0 UUT OalH
0113 23 INX H
0119 g DR €
qlig C2i501 JHZ UTP]
(11D L9 KET

Therefore, you could arrange parameters for graphics initializa-
tion as follows:

J11E 00 FRANS: DB D

011F 08, DB ¢

G120 0000005900PRARS1: OB Gy0,0,59H,0,0,0,59H,0FFH,0FFH, OFFH, OFFH, OFFH,
GFFH, OF FH, OFFK

0130 000000  FPRANS2: DB G,0.0

0133 FFFF PRANSS: O OFFH.QOFFH

0135 Q2FF7F0E00FRANS4: DB 2,0FFHs 7FH, 840484 0,0FFH,3FH, OFFH, 3FH
0140 FFFF FRANSS:  DE OFFH,0FFH

G142 21 WRLOGIC: DB 21H sconp Lement
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GINIT is the routine which transmits these parameters:

013
0144
(12§
148
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0150
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sc4f
Cpa2a:
OEd1

.o.'o-
.« o

trd

e

w1
rery
OO |
e

o

C0201
Qe il -
217063

- s UL 1

(0EDL

SE4Y
RETHI
Oel3
213001
CDOERT
SE4h

(00201

Ue02
213361
ChOEOT
k4
CDG201
OEGE
2 adOl
COOEDY

3t71

£D0201
OEd2

214001
COOES1

GINIT:

L X1 HeFRARS
fIVI AOCH
call oute
vl Ay46H
CALL QUTC
iVl Cel |
CALL Ut
HYT Ay 4BH
CALL oUTd
AVl Gyl

;b1t O hiznke screen

sset zoom 10 Zera

rcurser/char characs

ssets [ines ser roy ig
szero for graphice

:lozd entire parageler

s RAf,
CALL GUTC
KWL C, i0H
LET HyFRAMST
CALL OUTF ;cets araphice znd 40U
| ip1xels verticet,
VI A,49H sset cursor pos

WCTRERIIEE
Al C. 3
L X1 H,FRARSZ
CALL OUTF sfirsi pl
a¥l Ay 4bhH ;set

CALL QUG
VI .2

1] HyFRAASE
CaLL oUte
vl &,4CH
CALL OUTC
vl C,08H
LXI H.PRANS4
CALL QUTF

¥al tor drawing,

s 716 parasetiers

1n0 geom. f13s
ydirection eacti.
fivl 4,27 surite data word high
- jthen lowy reset to zero.
CALL wUTC | |
RV 42

- LXI H,FRANSS

CALL OUTP
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01A0 3E21 VI A,21H surite data, this fiee
scomp lement.

0142 324201 5Ta WRLOGIC

0145 CDG201 CALL aUTC

0148 3EOD HVI A,0DH ;s re—enable screen

01AA CDOZ01 CALL ouTC

01AD CDBAO1  MWAIT:  CALL GETKEY

0180 FE24 (PI '¢’

0182 C24D01 JNZ MAIT

0183 C9 RET

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 PRAMSS and the Logic setting 2
(reset to zero) to set the entire bit-map to zero. Command 21H
sets the complement Logic for future drawing and writing. This
state of Logic 1s also recorded in the byte WRLOGIC. Finally, the
screen is re-enabled. |

Further processing is now dependent on entering $ 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 A.

01R4 {5 GETKEY: FUSH B8
Q1E7 Do FUSH D
J16& GEls AL Cy6
01B4 1EFF Wl E.OFFh
GiBC CDaS00 CALL 0005
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O1EF D1 FUF [
0iCH € POF P
011 L9 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 1s 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. |

G1C7 §Fao EXPRANS DR 2FH.d o
01C4 0090000100EXFRARSI: DB 0490n,0¢140,0FFH.OFFH,OFFH OFFHOFFH, OFFH,

OFFH. GFHH
gifl 210201 GEXiTe  LXI H,EXPRAAS fexit routine
J104 3SE4E MYl a,48H
iifs CDO20I (ALl ot
G1Dy Dl YT G,

(iDE CDOEOY CaLL guyk
10t 3B44h HVI Ay 46k
a1eQ Cpo2ant CALL OHTC
O1E3 ORG1 Al Cel
01ES (DOEGI CALL QUTP
01E8 SE70 - RVl &, 70H
Q1A CD0201 CALL DUTC
J1ED Q0D vl C.0DH
01EF CDOEO] CALL GUTF
01F2 1E1A HVI £, 1Ak
(01F4 QED2 AVI Cy2

01F6 COOAOU CALL 0003

01F9 €9 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
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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. |

U1Fa 20 CURPRANSS DB M

JiF8 20 DB 20H

G1FC O DE O

01FD 3E49 CURSET: VI A,49H

01FF CDO201 CALL ot

0202 21FA01 LXI HyCURPRARS -
0205 ded3 VI o3

0207 CROEOL CALL OUTP

Now reserve an area for storing figure drawing parameters:

0204 €9 RET

U208 FIGPRARS: DS 11 . |
Enter the routine for transmitting these parameters to the GDC
0216 ab4C FIGSET: VI 444CH

4718 C00201 CALL oUTC

G218 210807 LXI HeFIGFRANS

021E QEOB AVl C,0BK

0220 <DOED CALL DUTF

0:2: (9 RET

and the command which sets drawing in progress.

(274 3R FIGDRAK: fIVI A.6CH
0276 CDU201 CALL QUTC
0279 o9 KET

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

0224 4003403000F IGPRAM1: DB 40H,3.40H, 30H,0, 30K, 0, 0FFH, 3FH, 30,0

The routines described hitherto can now be used in a prbgram to
draw a square. First, the actual parameters in FIGPRAM1 are
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copied to the 1l-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 FIGPRAMI.

0735 212402 LXI HoFIGRRARD
U23§ 110802 LXI O.FIGPKANS
(238 DLOE | i C,08H
jz3b /& NEXTFRIC [V A,f

0Zat 12 514% D

23F 23 INE H

(240 13 I

UZ41 U BCk ©

(763 £23002 JdZ NEXTFRI
y245 Ch43dl CALL GINIT
0248 CDFDOY CalL CURSET
(2:8 Ch1s07 CALL FIGSET
0248 CD2402 Call FIGDRAM
0251 CDBAO1  WAIT2Z:  CALL GRETREY
(254 FE7E CF1 'x’ |
U236 (25102 JHZ HAITZ

0159

9 COD1R CALL GEXIT

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:

3 -
O
0 71

Begin by setting up the data storage areas as follows:

0150 40BE  HIDOLE  DW OBE4OH
025E 01 NIDOLEH DB 1

G25F 32 RADIUS DB 50

0260 0000  HMORTH DV G
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J247

0d

0263 0000

0263

0d

0266 0000

02463

i

0269 (000

0268

026C

40
0000

268 00
0Z6F Q0

271

UQ

0271 0o

NORTHH
SOUTH
SOUTHH
EAST
EASTH
WEST
WESTH
FIXEL
PIXELH
CURSL
CURSH
POTFOS

CP/M-80 SOFTWARE FOR INPUT/QUTPUT

DB 0
4 0
D& O
DY O
OB O
DIl O
& O
Dy O
08 O
DE @
e 0O
il

The first three bytes contain the pixel position in up to 18 bits
(MIDDLEH = imost 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.

il
U273
U274

| N T |

D N N0 C LAy <

[ O I T I O

=y TT1 T R oo

P b b

) O D ) g 1

=

S I T I N I TV I NG
L Q) O O
gt X ey O ()

]

o B ot R sonets
~Q

E

(%

(s
340E02
":c‘" 3 l"

526202

. 326001

326802
326807
01E0G2
215HG2
3

.

2(02

ed 1 P2
“~J £») >

3F
EG42
Jha202
DEQd
326202
13
C28F02

COHEAGS:

CROKRTH:

NDCR:

FUSH H

FUSH [

PUSH B

{04 HIDDLEH
STA HOETHH
ST4 SOUTHH
514 EASTH
STé4 WESTH
LAI B,280H
LXI HeRADIUS
HY £,

LHLD HIDOLE
HoV DsE

STC

CHiC

D8 OEDH, 42K
LDA HORTHH
SBI 6

STa NORTHH

ypiich

y 80 SBC HL.EC

| S OCR D

I MDCR
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029F 2260072 SHLD NORTH
0247 245007 (SOUTH:  LHLD HIDOLE
0745 53 My D, E
D244 37 ShiH: oT¢

U247 3F CHE

(248 EDé4 DE OEDH.48H 5Z-30 ADC HL.EC
024k 3465072 LOA SOUTHH
(240 CEOC ACT O

0247 3245072 STA SOUTHH
1287 1% Lok b

1763 (28402 N7 SOCR
(786 2743072 GHLD SOUTH
0289 245007  CEAST:  LHLD HIDOLE
D2BC 53 Hi [yE
076D 016100 LXI Bl
(1200 37 EDCEs §T{

0Zci 3F CHC

G202 EDéd DE OEDH, 441
204 34802 L& EASTH
0207 LEQG ACT 0

0709 326502 STA EASTH
02¢0 15 LLR D

03CD CIC002 JNZ EDCR
0200 224602 GHLL E&ST
0203 2450027  CWEST:  LHLD HIDDLE
0206 &3 HOV D,E
0207 37 WDCR: ST¢

DIDE 3F L1

0209 ED47 DB OEDH.42H ;Z-20 ADC HL,BE
02DE 344B02 LDa WESTH
GZ0E DEOD SBI O

7E0 326807 STA MESTH
07E3 15 DCR D

02E4 (20702 JHZ WOCR
02E7 2749072 GHLD WEST
02Ea €1 FOP B

02EB D1 POF D

02EC E1 FOp H

02ED RET

The following routine is useful for converting a 3-byte pixel
value into a format appropriate to the Position Cursor command,
that 1s, 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
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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.

02EE ES WORDAD:  FUSH H

02EF DS PUSH D

02F0 Co FUSH B

02F1 216C02 LXI H,FIXEL
02F4 7E AUV A,H
U2kS U7 HLC

02F6 07 RLC

D2F7 U7 RLL

02F8 07 RLC

02F% 47 Ny B.f
0ZFA E&FQ AHT OF Ok
02FC 327102 ST4 DOTROS
U2FF 78 HOY A,k
(300 EalF AHI OFH
G302 326F02 3T& CURSL
0305 2146002 LX] HeFIREL
U3ng 23 INE H

0309 7t AV G,
uida o7 KLC

0308 07 KLC

03ac 07 KL

0300 0/ kLG

Js0E 47 HOV B4
{30F EGFC AT OFCH
g3t 2158F07 LA HyCURSL
314 Bé UkA T

0315 824£02 STé CURSL
U31E 7 nov A.t
031y telF AHI OFH
0318 327002 STa CURSH
431E 214£02 LXI HeFIXELH
0321 7t i AqH
0322 CR17 DB OCBH, 27/ ;Z-50 5LA A
0324 {827 DE OCBH,27H
0326 CB27 DB OCBH,27H
0328 CB27 DR OCBH, Z7H
0324 217002 LXI H.CURSH
(32D B oka hi

Ja2t 77 HOV .4



032F (1 FOF B
0330 D1 Pap 0
0331 E1 FOF H
0332 €Y 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.

0333 £3 CURTRANSF: PUSH #

(334 ZAGFD2 LHLD CURSL
0337 22FA01 SHLD CURPRANS
1334 347102 LOA DOTFOS
0330 21FA01 LET Ha CURFRANS
0340 23 INK H

0341 23 TH 4

0347 77 N

(343 E1 PP

0344 09 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 1nitialization 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 1s calculated for North and placed at CURPRAMS
so that the cursor can be set:

0345 (4301 CALL GIHIT

0348 CD/202 CALL CIRPASS
D34k 2A6002 LHLD HURTH
US4k 224002 ShHLD FIXEL

sal 346202 La NURTHH
Usa4 3246ED02 aTh FIXELH
0357 CDEEO2 CALL WORDAD
ISR IXEHE CaLL CURTRANSE
03aD CDFDO1 CALL CURSET

The next step is to set up FIGPRAMS with the parameter for
figure drawing. Note that drawing parameters D1, D2, D3, and
DS 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.
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The most interesting parameter in FIGPRAMS is the first. The

bit for arc drawing remains set throug

1out 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.
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CALL FIGSET
CALL FIGDRAM

Then follows the Direction 6 arc:

038% COFDPOL
03gC 210802
038F 3626

03%i Ch1602
0394 (02402

CALL CURSET
LXI HyFIGPRANS
Ml i, 26H

CALL FIGSET
CALL FIGDRAR
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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 at East and the two arcs at West
are drawn in the same way.

0397 2A6307 _HLD SUUTH

(298 226002 SHLD FIXEL
0370 3AbaUZ LDA SUUTHH
03p0 326807 5TA PIXCLH
dakd COEEOZ CALL WORDAD
Hane (03303 (ALL CURTRAMSE
U34y COFOOY CALL CURSET
0340 210B02 LAI HeFIGPRANS
DapF 362% HYI MeZid
U3B1 Chla02 vAlL FIGSET
G3Be CO2:07 CALL FIGDRAH
03E7 COFDOT CaLL CURGET
HaBd 210802 LXI H.FIGPRARS
(38D 3625 e My 25H
J3BF D102 CALL FIGSET
H202 02402 Call FIGDRAM

- '
03Ch 24660 LHLD LAST
Uatg 226007 SHLD PIXEL
03LE 3A0B07 L b4 EASTH
030 32607 STA FIXELH
(301 CDEEDZ CALL MORDAD
Hais Ch3sls - CALL CURTHAWSE
G207 CDRDOOT CAlL CURSET
Jalh Z10BQ7 LAL HeFIGPRARS
HabD 3624 iyl 1y 24H
Gank D160z call FIGSET
(5e2 {fa407 CALL FIGDRAM
Uats COFDOL CALL CURSET
03EE Z10B0Z LAL H,FIGPRANS
J3tf 3427 AT A 27H
G3ED {01607 CALL FIGSET
(3F] CL2407 CALL FIGORAN

Y

UiFd 2R6%02 LHLD ¥EST
J3r 276{{7 SHLD FIXEL
JaFY 3A6R01Z LDA HESTH
(13F 326EQ2 STh PIXELH
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03FF €DEEDZ CALL BURDAD
G402 C03303 CALL CURTRAMSE
(0405 CDFDO1 CALL CURSET
0408 210B02 LXI H,FIGPRANS
(0408 3670 HVI H,20H

0400 CD1602 CALL FIGSET
0410 CDZ+07 CALL FIGDRAM
0413 CDFDOT CALL CURSET
0416 210802 LXI H,FIGPRANS
(419 3623 HVI Hy 23K

O4ib CDisls CALL FIGSET
O41E CD2402 CALL FIGDRAM

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

0421 CDE&GT  WAIT3:  CALL GETREY

(424 FE/E S
de2h Ci7114 JHZ WALTSA
0428 ChR1M CALL GEXIT

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 O 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.
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042C CDRA01
J42F 1600
0441 FE3O
0433 CAR904
0436 210802
0439 FE3S
0438 Ca7C04
043 FEAL
0440 Ch6ADS
(443 FES?Z
G445 Ca7104
0448 +ESS
0448 Ca7004
(440 FE34
044F CAARD4
437 rES6
QiS4 (AGFQ4
0457 FES7
(1457 CALCL4
Q450 FE3S
045E C44D04
denl FESG
0463 CAEED4
0456 CaiCl4
J469 {9
Uébd 14
0458 14
0440 14
0460 14
045E 14
G4oF 14
U470 14

471 00
0472 71
0473 (01602
0476 CD2402
0479 C32(04

0470 344201
U47F EEDI

0481 324201
0484 CD0201
0487 32004
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CALCUL:

{VER:
DiR7s
DIRa:
DIRS:
DIR4:
DIRa:
DIRZ:
DIR1:
DIRD=

'
OHOFF:

CALL GETKEY
HVI D,

(F1 "0’

JZ NEK

LAI H,FIGPRANS
4

JZ (MOFF
CFI "1°

JZ DIRY

CpT 727

Ji DIRO

CPL '3°

Ji DIkl

CFI '4°

JI DIKé

(PT

Ji DIR2
ot 7

JZ LIRS
CPL 87

Ji DIk4
cFL 7YY

JZ DIR3
JiF CALCUL
RET

INE D

IHR D

INR D

IMR D

INE D

Ik D

INE D

MNOF

Hov H,0
CALL FIGSET
CALL FIGDRAM
JHF CALCUL

LDA WRLDGIC
XKI 1

STA BRLOGIC
CALL oUTC
Jif CALCUL
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For pixel by pixel drawing, the “initial values’ stated in the
description of the GDC Figure command should be set:

04%A 0000400800F IGPRARZ: D& 0,0,40H,8,0,8,0,0FFH,3FH,0FFH, SFH

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.

(495 218404 LXI HetiGPRANZ
G478 110802 LXI D.FIGPRAMNS
0498 QEOR fivl C,0BH
049D 7t HEXTPRZ: ROV AH
049t 12 STAX D
045F 23 INX H
0440 13 INX D
G4A1 0D DCR C
0482 C29D04 JHZ NEXTPR2
0443 CD4301 CaLL GINIT
0448 CDFDO] CALL CURSET
04AE SEZ3 H¥I Ay23H
- (44D 324201 GTA URLOGIC
0480 €DOZ01 CaLL QUTC
0483 CD2C04 CALL CALCUL
0486 COBAO1  HAIT4: CALL GETHEY
04B9 FE/E CPI 'y’
(1488 CIB404 JNZ WAIT4
04BE SE21 Nl A2 1H
04C0 324201 STA WRLOGIC
04C3 CD0O201 CALL OUTC  §jresets to conplenent
yat any rate.
04C6 C3F660 JHP SAVEIT  §JHP SAVED

04C9 CODI01  SAVED:  CALL GEXIT
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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 1s 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. In addition,
you must not attempt to use the BDOS entry facility (CALL
0005) while the ROM is selected, otherwise program control will
be lost.

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

2100 0RG 2100H
2180 CHSTURE: D5 16

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 A 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 HL.. The
start address of the character area in the ROM is added to this,
thus HL addresses the first of the 16 bytes containing the bit
pattern. These bytes are then copied via register A to CHSTORE.

2110 €5 45C11: PUSH B

2111 D3 FUSH

21117 S FUSH H

113 oF RV L&

2114 2600 vl H.0

2116 29 DAl H

2117 29 D4D K

2118 29 DAl H

2119 29 bah H

2114 110610 LXI D,1000H
2110 19 Dab D tRifi char address ip HL
211F 110021 LAT By CHSTORE
2121 0610 vl B.10H
2123 §all a1 11H

2123 7t ROFBYTE: N0V 440

2176 12 STAX D
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2127 73 INK #

2128 13 INX 0

2129 05 DLK B

2124 {22521 JHZ ROREYTE
2120 0310 auT 10K
2128 E1 POF

2150 DY FOF D

2131 €1 FOF B

2182 LY RET

The following twc program lines make a copy of the bit pattern 1
of the number 7:

2133 sE37 a7
2135 CD1621 CALL 45C11

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.

2138 04 LOONFACTS DB 4

2139 3E4é6 JAULHE HVI &,46H

2138 CDO201 CALL OUTC

2138 213611 LXT H,Z0OOAFACT
2141 OO I ¢,1
2143 CDOREOD1 CALL QUTF

2146 CY RET

The second routine, SKEW, produces in CHARMIR a mirror lmage
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.

2147 005A427ESCCHARPATT: DE O,54H,42H, 7EH, 3CH, 24H, 24H, 4 2H
srandon exanple
J14F CHaRktik: DS & |
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2157 214721
2154 06400
2150 OE0Y
2158 09

215k 114821
2142 QEOE
2164 7
2163 CD7021

2167 12
2169 28
2164 13
2168 0D

2160 €26421
216F C9

2179 €4
2171 D=
2177 E5
21173 57 .
2174 ZIADQI
2177 3EB2
2179 77
2174 218221

- 2170 SERE

1 77
2180 21B571
2183 3E78
2185 77
2186 QEOE
2188 3AAD21
'198 0608
2180 324021
2190 348221
2193 €608
2195 328271
2198 34B523
2198 CAO5
2190 328521
140 COACZL
2143 0D

- 21A4 28821

....
<

¢

g

J

A o4

¢

3-88

'
SKEM:

NEXTCH:

"
 J

MTRRORS

HEATEIT:

LXI HeCHARPATT

i 8,0
I Cq7 -
0ab B §HL points to 3th pyte

LXI D,CHARHIR 3DE points to first bvie
HYI C,8

{3 ¢ |
CALL MIRROR sto cancel mirror,

~yreplace (ALl

GT4X D sinstruction with 3 #0Fs
DCX H B

IMX D

OCk C suntil ali § bytes

sinvertad and eirrored.
JH7 WEXTCH
RET

PUSH B

FUSH D

PUSH H

nuv D4

LXT H,TESTVAR
vl A, 82H
HOV 1,4

LXI H,SETVaR
A¥I a,0B3H
Aoy m,6
LXI HyRESVAR
Vi A, /780

AoV H.é

vl C,8

LO& TESTYAR the 7-80 BIT, SET and
GHI § - yKESET 1nstructions con-

5TA TESTUAR
LDA SETUAR
NIE
STA SETVAR
LD& RESVAR
401 8

STh RESVAR
CALL TESTE
GCR C

JNZ HEXTEIT

stained as DBe in the

s 1ESTR routine are rodi-
stied dvnanically eight
gtinec, Each b1t of req,
3D 15 tested. and 1ts

sa1rror counterpart 10 B
yle.q. b1t 6 for bat 1)

115 set to the value of

sthe testad b1t
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2147 78 Aoy 4,k
2188 E1 POF H
2169 b1 FOE D
2148 €1 FiiP B
2146 CY RET
2140 CE TESTE: D8 OCEH
21ab TEGTVaR: 0S8 1
21AE CAB421 | Ji HESB
BT {E SETE= DE HIRH
21B2 SETWAaR: D5 1
JiE3 (9 Rel
2it4 CB RESA: 0g OCBd
2 1B3 REGMAR: DS )
2184 CF 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

2iB7 1507400700CHFGFRAH: DR 16H.7.404,7.0
;58T sint with b1t 7
210 bvie 1.

indicate in byte 1 that a non-slanting graphics character with
initial drawing direction 6 1s to be created. Byte 2 contains the
number of pixels, minus 1. The only significance to byte 3 is that
the graphics bit 1s 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.

2{BC 3ETY CHARGUT: HYI A,78H  jctarter in prze zt
sparn .

J1EE CDOZ01 CALL OUTC

101 214F21 LXI H,CHARRIR

2iC4 QOEQOR I C,8 |

21C6 CDOEOL CALL OUTF

21C9 3E4L vl &,4CH  jfigset

21C8 €D0201 CALL GUTC

21CE 21R721 LXT H,CHFGPRAH

2101 OEOS HUI Coo

2103 €DOEQT CALL QuTr
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2104 k04 VL A4

2108 323871 5Ta ZOukr 401

2108 C0a911 CRLL ZOsf

2i0F Jtel VI 4468H  jaraphic charzoier dray
Z1E0 CDOZHN CRLL DT

2l Y KET

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-
seinting line scans for that character in wnich 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 1s truncated during the 8-bvte 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 1n 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
coples of the character below one another, if you press the r key.
The reason for the position of the next copy becomes apparent
1f 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.

21E4 Ch4sU1 CALL GINIT

2187 COrDO1 (ALl CURSET

J1ka SE4T ¥l A7

21eC (01021 (Al A5CT]

21EF 210021 LXI H,CHSTORE

2R 73 IKX H sgaes not Copy
Z1FE 73 INX H sentira charzcisr
IiFs 23 I¥% H

2 114771 LXI DyCHARFATT

21FE OEDE VI C,8

kG 7R MEXTCOP: ROV f,H

21FB 12 - §Tax b

ZIFC 23 - INX H

21FD 13 - INK D

21FE QB _ DR
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21FF C2FA21 JHZ NEXTCOV
2202 €DS721 CALL SKEH

2205 CDBL21 REFEAT:  CALL CHAROUT
7308 CDRA0T  WAITS: CALL GETKEY

2208 FE/2 (FL 'r?
2200 CADR22 JI REPEAT
2210 FE78 CF1 'y
2212 C20822 JHZ MAIT:
2215 ChD101 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 even possible in the 64 KB memory.
However, if the operating system and the debugging utility are
to be retained in memory, this leaves little memory space for other
programs.

The data areas required:

2218 FFEF PRAHSH: DB QFFR,OFFR

2215 FREE RitaSks DB QFFK,0FFH

2210 020240050GFIGSRT DB 2,8,40H,8,0,8,0,0FFH, SFH,OFFH, 3FH
2277 {2 MASKFIG: DB 2

2278 SCREEM: DS 14000

60AE FREF DUNEYTES: DE OFFH,OFFH

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
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|
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, i1n 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 A1. Before
reading each byte, bit zero of the GDC stacus 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 1s sufficiently high to prevent an unwanted second readi'ng
of the same data byte. As each byte is read, it is stored at a mem-
ory address pointed to by the HL register, and that register is then
incremented. - |

6084 Co F\EQD‘;(W FUSH B
60AR OEOS ML Ul
604D 1602 NEXTMORD: RVI b2
6GAF DBEAD READYCHK: IN OADH

60B1 E601 AHT 1

60B5 CAAFAD JZ READYCHE
6086 DEAl Inl QATH

a0ES 77 ROV f.4

60BY 23 IRX

AlEA 15 OCE D

60BE C2arel JH/ READYCRY
slBe OO0 BCR L

GUBF C2ab60 Jui MEATHORD
60C2 C1 PUF 8

60C3 €Y RET

FIFOCLR issues the Read Data command to the GDC, thus effec-
ting the FIFO buffer tum-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.

s0C4 3tal FIFOGCLR: t¥I A, 0ADH
o0C4e COO201 CALL QUTC
0C9 (% RET
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|
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 c¢f 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-
lent to set a vertical Direction, thus reading a rectangular area of
the screen with each Read Data command.

A0CH L6 SETREAG:  FUSH E

olCR E5 PUSH H

s0CC 3E7E HYT 4,78H

A0CE 00201 CALL GliTC ;set pRAN
a001 211822 L X1 HsPRAHSK

aijls GEGZ RV C,2

6004 CDOEDT CALL QUTP

ADD9 3E4h HYI A, 4AH

60DE CDOZ01 CaLL QUTC  gset nask
AQDE 211427 LXI H, PHASK

60E1 QEQZ i €,2

&0t3 COOEGT CALL outp

60k 3E4{ HYl 4,4CH

A0E2 €201 CALL OUTC  set fig
60ER 711C27 LXI H,FIGSK

S0EE OEOB vl C,0BH

600 CDOEOT CALL QUTFP

60F3 E1 POP H

60F4 €1 POP B

60FS (9 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.
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60F6 21FA01  SAVEIT:  LXI H,CURFRARS

50F9 3600 HYI H,0 jreading to start
50FB 23 INX H yat top lett
o0FC 3600 vl f,0 jcorner ot the
60FE 23 INX H y5Creean

60FF 3600 vl Hy0

6101 CDFDO1 CALL CURSET

6104 112821 LXI H,SCREEN

6107 01EB03 LXI B,03EEH

6104 COCAG0  NEXTSCRN: CALL SETREAD

610D €DC460 CALL FIFOCLR

6110 CDAAGD CALL READSCRH

6113 0B DCX B

6114 3E00 HYI &,0

6116 BE CHP B

4117 CZ0A61 JHZ HEXTSCRN

5114 RS {HF ¢

611 (20461 JHZ NEXTSCRH

611F CDD101 CALL GEXIT

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

4121 CD9261 CALL ADJUST

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 1s that the keyboard control 1s replaced by the perma-
nently set Direction 2 (East). In this way, the screen is built up in
the sequence in which 1t was read. This 1s 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
1s included to facilitate breakpoint setting when you are testing
the program with the debugging utility.

4124 218404  PAINT:  LXI H,FIGPRAMZ
6177 110802 LXI D.FIGPRANS
£124 OEQB il ,0BH

612( 7t HEXTPRES ROV A,

6120 12 | STax D
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612 23
A12F 13
6130 OO

A131 C22041
6134 3t02
6136 320802
6139 CD4301
613C COFOOT
613F CD1602
5141 112822
0145 01803E
6148 5
6149 QEOE
6148 14
614C 47
614l CR3E
AL4F DRA761
f1a2 3E27
Alad
6157
4159

&1a

N

o
§o st

T Cad o )
oy}
formets

L gt L2 ™M LY 1T hod

(i o B D0 B oo TS o Y W T W

 qoon I oo
bl =

(P o
ot -
. [ ’} [
LI o
£ b
o

6176 (iB
6177 3E00
6179 B3
&178 (24861
6170 BY
617E (24861
6181 SE21
6183 CDO201
6186 CDB&01

£139 FETS

HEWBYTE:
CHECKRIT:

PLITE
LUGICSET

MAIT4:

INX 4

INX D

DCR €

JNZ MEXTFRS
AVI A.2

STA FIGPRAMS
CALL GIKIT
CALL CURSET
CALL FIGSET
LXT D.5CREEN
LX1 B,3t80H
FUSH 8

VI Cy8
LOAX b

o By 4

DE (CBH. 38H
40 FLUT

VI 44224
P LUGICSET
Ml 4,230
CALL auTc
Wl As4lh
CAlLL QUic

LXI HeFIGPRARS

PLSh B

WD a3
CaLL GuTF
FOF B

VI Ay 6CH
CALL QUTC
DCR €

JuZ CHECKEEIT
[N D

FUF B

DCX B

AvI A.Q

Chr B

JHZ MEHBYTE
ChF C

JHZ NEMBYTE
AVI A.21H
CALL oUT(

CALL GETKEY

CPI "

tlirection bzt

100 SR B,
sCheck Carrv,
:561 draeing
:Logic

raccordinaly

sCoamznd 10 set
:Fiqure parapeiers

+5ot first three

tFiqure parageiers

s0rau comsand

srestore
sLonplesent Logic

CP/M-80 SOFTWARE FOR INPUT/OUTPUT

'3-95



6188 (28661
S18E C0D101
6191 00

JUZ WAITS
CALL GEXIT
NOF

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.

4192 CDBAO1
619C CAASAT
619F FEAD
6141 CABFAT
519C CAASSL
&19F FEAD
4141 CABF&1
6184 (9

CALL GETHEY
I ADJUST?
(FI ‘e’

JZ ADJuUsST?
JI ADJUST1
CFI 'e’

JZ ADJUST?
RET

D JUST:
-ypixel 1pversion

seirror ipage

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 8080 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.

1A% 112822 ADJUSTI= LXI D,SCREEH
618 01803t XTI B, SESUH
6148 14 ADJUST11: LDAX D

41AC 2F Chif

§1A0 17 STAX [

S1AE 13 IHX D

61aAF DB DCX B

4180 3EGO VI A0

6182 BE Che B

4183 C2AB61 JNZ ADJUSTL
6186 BY ChF €

6187 C2AR61 Jel aDJUSTLL
6184 (9 RET

The mirror routine (ADJUST2) regards SCREEN as 200 “lines,”
each containing 80 bytes (= 640 bits for one display line). Each
line is turned ‘“back to front.” In addition, the same is d'pne
within each byte, using the MIRROR routine described earlier.
Thus, an arrow which previously pointed left, will now point to
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the right when the contents of SCREEN are re-written to graphics
display memory.

61BR 28 LEFTBYTES DB 40
A1BC 29 RGHTBYTE: DB 41
41BD 2722 LIME: DM SCREER -1 -
y
61BF 01CE00  4&DJUSTZ: 1XI B.200
6102 212772 LXI H,SCREEN -1
6105 228061 SHLD LIME
41CE €3 NEXTLINE: FUSH 8
6109 3E28 VL f,40

61CE 328861
610t 3

61CF 32BCA1
6102 012800

1A LEFTBYIE jstarting froa center of
IHR A yline working cuiwards.
STA RGHTBYTE jexchange byte pairs

1 X1 BE,40 rpithip that fine

6103 €5 LIHESHOP: FUSH B

61lie 34BEaI 1DA LEFTRYTE

46109 SF Y Ey4

6104 1600 vl D.0

s10C 2480641 thiD LIKE

&1DF 19 Dab D

61E0 /E AOY AeH

61E1 CD7021 CALL HIRRUR seirror byie within itself.
6iE4 &7 AV B4 jiett byte of pair in &
61ES 3ARCA] LDA RGHTBYTE

61E8 SF HOY EQ

61E9 3C INR 4

61EA 351BCo1 514 RGHTEYTE

61ED 1600 HVI 0,0

61EF 2ABDé41 LHLD LIKE

61F2 19 Dab D

61F3 7E ROV &40

41F4 CD7021 CALL NIRROR smirror byte within itself.
G1F7 4F MOV Cyé sright byte of pair in (.
61F8 70 oy f,8 yned right byte taken froe B
61F9 24BD61 LHLD LINE

61FC 3ABB41 LD& LEFTBYTE

61FF SF Hov E.8

6200 30 DCK 4

6201 32BB41 STA LEFTRYTE

6204 1600 vl 0,0

6206 19 paD b

6207 71 Aoy H,C jnew left byte taken froe C
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6209 stdl vl 4.0

6208 0OR pix b

620¢ 83 chir B

6200 C2Dh61 JHZ LIWESHOF

4210 B9 CiiF C

6211 20561 M7 LIHESHOF

6214 ZaBD41 LALD LIRE

6217 115000 il DBl

6214 19 GaL [ sroint fo pext
a:ib 276061 Sald LiHE  tiine af soresen
H21E €1 pig B

621F QB X B

42204 Y oiif B

6221 C2CEs1 JHZ MEXTLIME

al7& BY CHP

4375 (20841 dHZ HEXTLIHE

a27¢ C%

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 i1s addressed, irrespective of whether it is to
be tumed on or not. The fast method of drawing a figure on the
screen 1s 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
another. This creates some additional program overhead for cursor

positioning. For this reason, the following method is worth con-

sidering:

6129 (D241 CALL ADJUST

6220 04301 ' CALL GINIT

623F b4l AVl Aq.4CH scomsand to set
5231 CDOZG1 CALL QUic sFigure parameters
6154 213722 LXI HeRASKEIG
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5237 GEQ1 HYD (4l sonly one reguired

6239 {DOED CALL QUTP

6230 COFDOL CALL CURSET

G23F 12822 LAT HySCREEM

6247 11A%60 LXI O,DURBYTES

£345 01401F L XI B 1F40H

2248 €5 HEXTHASK: PUSH B

6149 3Lah Nyl 4.44H sCconmand ic

A248 COEZ01 CaLL abiC :lozd Hask

g2sb Qb T a2 7 bl with word 0:

Aiag COOEGE CaLL aUir isCraep contents.

8353 3EZ3 W1 e 238 yHILLE 10 sCresn

a7ha OG0 Call aliifd rwith “sei” Legir...

238 R ATHG :{HL now pointe o
: DUABYTES:

£25% OROY il o2 T... SPitIR0 ail Gits

A28 LDoed: caLL QUTe :That are set 1n fasy

520 2B poy H

523f 28 DUE H

&160 ER ACHG :HL now points io
sN8rl SCTeeh #ord,
DR to DUABYIES

5261 {1 POF B

6262 0B WX B

4163 3RO AVl 4,0

6245 BE CHF B

£266 (I48612 JkZ HEXTﬁQSﬁ

5169 BY ChF 1§

s268 (24561 JRZ H""ﬁa

626D CDhESD H&TT7: £l L GrTREY

6270 FEVE (F1 7

5377 (74042 7 WAITY

6275 ChD0: CaLL GEXIT

5278 0 Hip

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
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
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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 32 KB the
blue gun), you must adapt your graphics initialization routine to
reset bits in all three maps. This ensures that the screen is black.
Faillure to do so may produce intermittent splashes of red and
blue.

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 B

CP/M-80 BIOS PROGRAM

005  (nBIQS)

ig 22X 22T R I X T RR R Y TR e R Y R e L E R R AL 242 e R d et a2 L ad L
68 o ¢
63 4 aodule n3ae = aCcrhvres.asa ¢
/0 ¥ '
N ;ll&!&i!!H!ill!l!#!!llll&li&i!&iﬂ!{'Il’l&&li!ﬂ»!4&,86!{»4!!6!&}‘!
72 DEOQ - STRIOS E&U 00E00H START ar BIOS
73 0t0C = NCONOUT EQU STBINS+12 [OUTPUT A CHARACTER TO CRT
74 PAGE
00+  (ARIUS)

7S

16 VERSEQU

!}l + POV ERESRCEEFEFIRBEEF RIS ERBESFERISEFGE P RUBRBE PP ISR BEFRER RIS 34}

g + o |
79 ¢ ' SKITCHES 07.00.83  10:00 PH .
20 + 4 ¢
21 + iR L2 2222222222222 22T RR R gy Ry N IR ARy
g2 \j

85 0000+= CPHRAN  EQU 0 ; CP/01 RAM BASE

8¢ 0002+= CPHVER EQU 2 y CP/N VERSIOH

85 0000+= RELEASEH £Qu 0 ¢ HCR RELEASE HIGH RYTE

8o  0004+= RELEASE EQU ¢ » NCR RELEASE LON BYTE

87 0000+= NCRVEKH E£QU ¢ ¢+ NCk VERSION HIGH BYTE

&8  0004+= NCRVER EQU + i NCR VERSION LOW BYTE

&9 0001+= ONBRR  EQU 1 i D-HUNMBER RELEASE

90  0000+= ONBRS  EQU 0 ¢ O-NUMBER SUBISSUE

91  OFF7+¢= FWVER  EQU GOFF 24 v LOCATION Of FUVERSION IN FIRMWARE
92 + PAGE

B-1

T gy



93
94

o)

Jd

97

98

79
100
101
102
108
104
105
104
107
108
109
110
111
112
113
114
115
116
117
118
119

8-2

UL (| LY

ENDA

STADDEQY |
pPRFFFFAAFENFARFEFH SRR TS RFE 442 S A BILAPRIF IR ERTIIF RIS I RNFER 8§
o# . &
i START ADDRESS EQUATES  27/10/82 1021 WF '
' # | t

g SHFFF ISR RER RS PRSI R AR R AU FIFAFF S AP LA F AR LRETF AP SRS SR AN E

BIas  EQY

BOOSSL EQU

CCPSZ  tlU
BOS  EQU
CCP £Qu

BOOSNTRY
BO0OSTBL EQU
CCPSTR  EQU

FAGE

0D£COH

Oe00H

08004

8 10S-8005SZ
BDOS-CORSZ

gau BOIIS+4

BOOS++ 7H
CCP+3

?

7 START ACLRESS of 2inS

(CP SIZE

START 0F B0uS
START Of CCP

BDOS FUNCTION TABLE START ADDRESS
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120
121

123
124
125
126
127
128
129
130
131
132
133
134
135
136
137
138
139
146
141
142
143
144
143
146
147
148
149
150
131
152
153
154
159
156

T ST R S

0001+=
0050+=
0051+=

0001+=

0010+=
0C11+=
00124=
0013+=
0014+=
0026+=
0027+=
0028+=
0028+=
0028+=
0024+=

0004+=
0008+

0003+=
0007+=

(R R R R AR R R R R RR PR R R PR AR R AR RN R R FRERR AR AR RE

006  (MBINS)
ENDN

DISKCERY

&

'8

s

R R R R R R R P R AR R L R R R R AR R AR R RS IR R R AR R AR R R AL

pCand LG
DSTAT EQU
FOCkRA  EQU

'
HOTOROFF

'
RANSEL EOU
RONSEL  EGU
SETTC EQU
SYSSTA L@
NOTORON EQU
(0AD  EQU
CoT1C  EQu
onacon EQU
0HAST  EQU
DHAN0  EQU
Otafg  EQU

DMAWRT EQU
DHAREAD EQU

ENFO  EQU
DISFD EQU

PAGE

DISK CONTROLLER EQUATES 30.11.82 11:56 PH

009514
000504
0005 1K

gay

000 10H
00011H
000124
00013H
000 14H
00026t
00027
00028H
00028H
00028H
00024H

004H
008H

003H
007H

01H

6 WE wa 90 wWe Ve e GO =0

DISK CONRAND PORT
DISK STATUS PORT
READ DATA FROM FDC

HOTOR OFF INDICATOR (SYSSTA)

RAM SELECT

ROM SELECT

SET TC

SYSTEM STATUS PORT
HOTOR ON

FOC DHA CHAWREL
FOC DHA CHANNEL
DHA COMNTNAND

READ OfiA STATUS

DA WRITE COfNAND
DHA READ COMMAND

ENABLE FOC CHANNEL (CH3)
DISABLE FDC CHAKNEL (CHI)

APPENDIX B
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007 (nelos)

19/ +
138 ¢ EHON
159 CNTLEQU
160 ¢ ;liiii!liliiliiilil{{G}§!(!{l&#$§§4{!!*54*!*!!#!!!#!#'!l&l!l*lli!
161 + ok ' ¢
162 + ¥ CONTROL CHARACTER EQUATES 27710482 10:22 ¢F 8 5
163 + ¥ ¢
164 + ;{iilil!iii}iiiilfi&il!iii#i!!#’l!!lll‘&!!#!!lfﬁ!*‘l{&l*&l*il!#*i
165 +
166 +
167  0003+= IBYTE €U = -3 v 170 RYTE
168  0004+= CURDISK EQu 4 i CURREIT DISK NUMSER
169 000D+= (R £oy 00H i CARRIGE RETURN
170 0004+= LF £Qu 0AH s LINE FEED
171 0008+= 8S EQu Q8 i BACK SPACE
172 000C+= FF Equ 0CH » FORM FEED
173 000C+= T0F £au 0CH r T0P OF FORN
174 001B+= ESC  EQU - 1BH ; ESCAPE
175 0014A+= CLRSCN €U 0144 1 CLEAR SCREEN
176 + FAGE
0 inp1ag)
177 + -
178 + ENOA
179 FaGE

84
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a0y inRiug)
i3
181 ]
1€2 :
123 G000 C32160  BEAINT  unf BAOVE v GNP TO AQYE RWITIKE
18+ 0002 +3%0402032 Db "CFn 2.2° s DiSK IDENTIFICATIUM
135 000A 4E43322046 0 ‘NCR F3° ¢ DISK FORAAT LOCS
186 0010 323G34 08 CPHVER+ 0" RELEASER+'0’ RELEASE+ Q"
137 9013 303« ot NCEVERH+ O NCRYER+°Q" 7 INTERNAL RELEASE NUNBER
185 0Ci5 30303G30305MR: DB '¢.'¢'.’0° 00" + StRIAL NUBMER
199 0014 286329204t pe el NCR ¢ COFYRIGHT
170 ’
1w 6021 310070 &moves  Lx] 5P, 7000H : TEAFORARILY STACK
i72 002+ 210J0t Xl e EI03 y BilG START ADDRESS
(93 027 110027 L] 0.2290H i START OF #10S IN AENCRY
19« 0024 G10C1E LK1 2 1800H v LENGTH 0F B10S
195 0020 CDCA0C CALL  MUVER ¢ NOVE 8105 To THE RIGHT ADODRESS
196 '
197 :
198 : CISFLAY FIRNMARE VERSION
199 '
200 v
6y 05T 2:F70F LXI HoF 4VER
262 Q033 Xt Hay A,
205 0034 rE08 CFi 0eH
20+ 0d36 (24400 JNZ RANTEST y JUIIP IF Cio FIRNMUARE
05 0637 3tas FWl nvi Ay F°
206  0G3B 32450 STh FUNESSE 7 ACTIVATE FAVERSIGH DISPLAY
107 O03E MiFEOF L] CoFaVER )
208 0041 215701 X1 HoFlESS?
209 0044 010860 Lxl B8
216 0047 {OCEGC cALL  NOYER ¢ HOVE FIRMARE VERSION
m!
212
213
2N PAGE

APPENDIX B
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215
216
217
218
219
220
121
22
223
224
225
126
227
228
229
230
231
232
233
234
235
236
231
238
239
240
241
242
243
244
245
246
247
248
249
250
i1
232
233
254
235
236

258
259
2480
261
282
253
264
265
246
267
248
269
270

86

0044 D310
004C 210000

0n4F 3639
0051 23
0052 3444
0054 23
0055 7¢
0056 FE20
0058 C24F00
0058 28
005€C /¢
0050 FEFF
005F CA7Z200
0062 7t
0063 FEAA
00465 €29300
0068 28
0049 Tt
0044 FESS
006C CASEB00
006F €39300
0072 23
0073 34A4
0075 23
0076 36355
0078 23
0079 7¢
0074 FE20
007C (27300
WrF 28
0080 7¢
0081 FEFF
0083 CA4201
0086 7t
0087 FESS
0089 (29300
008C 28
0080 7t
008E FEAA
0090 CA7FO0
0093 219400
0096 C07701
0099 26

0094 1A

010

!
’
'
'
R

RTESTH:

RTEST2:

RTEST3:

RTEST4:
RTESTS:

RTESTé:

RERROR:

ANTEST:

(HB105)

RANTEST

ouT
LXI

fv]
INX
fnvI
IRX
fav
CPI
INZ
DCX
Hov
CPI
Jz

Hov
CPI
JNZ
0CX
HOV
CPI
JI

Jnp
INX
fv1
INX
V]
INX

CPI
JNZ
DCX
fov
CPI
JZ

CPI

0CX
Hov
CPI

LXI
CALL
HLT

RANERROR:

08

RANSEL
H,C

f, 0534
H

i, 0AAH
H

A H
20H
RTEST2
H

Ay H
OFFH
RTEST¢
Ayl
0AAH
RERROR
H

Ayl
0554
RTEST3
RERROR
H

i, 0AAH
H

H, 0554
H

A
204
RTESTS
H

Ay H
OFFH
SIGNON
Ayl
053H
RERROR
H

Ayl
0AAH
RTESTS
H, RATERROR
DISPERR

CLRSCN

+ SWITCH T0 LUW RA (O-FFFH)

¢ FILL MERORY WITH SSAASSAA

: JUNP IF TEST oK

s RAM - TEST ERROR

; GET HEXT BYTE
; RAH - TEST EKROR

i FILL REMORY WITH AASIAASS

y JUNP T COLD BOOT ROUTINE

s RAN - TEST ERROR

y GET KEXT BYIE

s DISPLAY ERKOR RESSAGE
; KO NORE RESPONSE
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011 (1B I10S)
271 0798 18303820 08 ESC, ="y 244204, 0+20H 1SET CURSOR TO ERROR LINE
272 009F 4552924F352 08 'ERROR EMCOUNTERED AT RAM TEST (0-1FFF)’
213 0005 4 08 ‘¢
274
275
276
277 PAGE
012 (HRI0S}
278
2 '
280 '
21 ! fOVE BC-BYTES FRUNM A(DE) -) A(HL)
282 y
28 '
284 HOVER:
285 00C4 1A LDAX ]
286  00C7 77 Hov fyd
287 00C8 23 INX H
288  00C9 13 INX D
289 00CA 0B 0CX e
290 00C8 /8 Hov AR
291 00CC BY (RA ¢
292 00CD (8 RZ s RETURM IF &LL MOVED
293 00CE C3C600 JiP flOVER
294 PAGE



295
296
297
298
299
300
301
302
303
304
305
306
367
308

310
311
312
313
314
315
316
317
318
319
320
321
322
323
324

326
327
328
329
330
331

332
333
334
335
336
337

339

341
342
343
344
343
346

8-8

0601 14
0002 0004

0004 €3502F 4920

00F8 G00# D8 Ck,LF
00FA 4433303420 08 '0006-0051-',0NBRR+'0', DNBRS+'0', ' 00"
0108 0004 08 CR,LF
0104 436F707972 D8 ‘Copyright (c) 1982, DIGITAL RESEARCH’
012€ 0004 D8 CR,LF
0130 53695726961 DR ‘Serial Wusber '
013E SIGNNSG]: DS d
0143 00DCA 08 CRyLF
0145 2469726077FWHESS1:08 '$1raware Version: '
0157 2020202020FWESS2: DB ‘ !
015F 0D0A24 D8 CRyLF,'$’
GIGNON:
0162 111500 LXI D, SHR
0165 213E01 LXI H, SIGNISG1
0168 010500 LXI By
0148 C0C400 CALL  NOVER 7 NOVE SERIAL NUMBER
018E 210100 LXI H, SIGRNSE
0171 €D7701 CALL  DISPERR ¢ DISPLAY MESSAGE
0174 C3000E JipP STBIOS y JUIP TO COLD BOOT ROUTINE
PAGE
014 (MB10S)
DISPERR:
0177 3E01 vl 4,01
0179 320300 STA I0BYTE s SET TENMPORARY I/0 BYTE FOK CRT
DISF1:
017C 7t Hov A, Nl
0170 FE24 (Pl ¢
017¢f C8 RZ
0180 4F fiov Cyh
0181 ES PUSH H
0182 COOCDE CALL  NCOWOUT ;DISPLAY CRARACTER
0185 Ei POP H
0186 23 THX H
0187 C37C01 JiP 0ISF1 TNEXT CHARACTEK
0184 EXD

013  (MBIVS)

PR REREF R FRE PR RTINS R R RV RN RAERF AR RS

' ¥ ]
1*  DISPLAY SIGNON MESSAGE &
y ¥ $

RN AR R R AR F AR PR R AL SRR E RN FAREARERRI RS

’
'
'
'
)
S

TGNNSG:
0B CLKSCH
D8 CRyLF

e ‘CP/0 (R) 2.2 for NCR DECISIOH PATE V'

¢ SERIAL NUMBER
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015  (HBIOS)
BOOS - D000 1107 111 1K 115
BOOSNTRY 0006 114+
BD0SSZ 0E00 105+ 110
BOOSTBL 0047 115+
BEGIN 0000 183«
BIOS DEO0 103+ 110 192
BHOVE 0021 183 191s
RS 0008 1715
ccp C800 111y 116
CCPSTB (803 116+
CCPSZ 0800 108+ 111
Ra(d 001 175+ 216 307
COAD 0026 1425
Cot( 0027 143+
CPTRAN 0000 83s
(PHVER 0002 r 186
CR 0000 169+ 308 310 -~ 312 314 317 3N
CURDISK 0004 168+
0Com 0051 130s
0ISFD 0007 133«
DISP1 017C 336+ 345
DISPERR 0177 265 328 333+
DHACOMN 0028 144+
(Hialte 002 147+
DHAMO 0028 146+
DHAREAD 0008 150+
OHAST 0028 145+
DfRERT 000¢ 149+
DHBRR 0001 v 31
DHBRS 0000 r 3
DSTAT 0050 1315
ExFD 0003 132
£SC 0018 174 271
FOCRA 0051 132
FF 000C 1'%
i1 0039 205+
FAMESS] 0145 206 318
FWESS2 0157 208 31%
FUVER OFF7  91s 201 207
I0BYTE 0003 167+ 335
LF 0004 170+ 308 310 312 31 37 3N
MOTOROFF 0001 134+
1O TORON 0014 141v
MOVER 00C4 195 210 284 293 3%
NCONOUT DEOC 73z 342
NCRVER 0004 v 187
NCRVERH 0000 8&7v 187
RATERROR 0094 264 249+
RAMSEL 0010 137 222
RANTEST 0044 204 2215
RELEASE 0004 86+ 186
RELEASEH 0000 8% 186
RERROR 0093 239 244 259 2645
ROMSEL 0011 138+
RTEST] 004C 223
RTEST2 004F 22 232
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RTEST3 0058 233¢ 243
RTEST4 0072 236 243%
RTESTS 0073 2467 252
RTESTS 007 253 263
SETTC 0012 1393
SIGMNSE 0001 306% 327
SIGRNSG1 0138 314 324
SIGNON 0162 256 322%
MR 0015 188+ 323
STBIOS 0EO0 72¢ 73 3IX
SYSSTA 0013  140%

TOF 000C 173+

(

8-10
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B ERPEINI2RIIJIANAIISZIEIX

89
90
91
92
93
¢

§é
97
98
99
100
101
102
103
104
105
106
107

003  (NBIOS)

;!4!&!!!liil!l&!’llfll#(iiliii!!l!liil{{liilllli(!*’!’!i’illii’!
;IIillllliil!li!ll!llllllllllll!llllllllllillllll*iilfll{liiiill

P REERES FTTTTELE
RERREREE EXTERNAL DEFINITIONS S
P FRERRERE SEERERES

s REERF EEEEEE L R H R R R R HHHE H HHHE HH
PSR AR ARRFRREF RS R AR F R AR RER R AR AR R AR H AR B RR R R R R 1

;

;

!

EXTRN  CONST, CONIH,LIST,FUNCH,READER,LISTST, MRCUPO
EXTRN  RESET,CINIT,MINIT,DSKSET,READSEC1, DSKERR, CHECKOS
EXTRN  TRKSET,SECSET,DASET,BTRECS, CREAD, PHAADR , ROTRAK
EXTRN  CURCOL,CLRLI1,CONOUT, FORNATT, CURTTE ,DHONE

EXTRN  SEKOSK,SEKTRX,SEKSEC,DHAADR READOP,, URTYPE , SEXHST
EXTRN  UNACNT, UNADSK , UNATRK , UNASEC, READID, DSKCTID

EXTRH  RGFLAG,HSTACT HSTOSK, HSTTRK HSTSEC, HSTURT

EXTRN  DISKIO,ERFLAG,DTRKSET, SAVESEC
EXTRN  FREAD,FUWRITE

PAGE

004  (NBIODS)

R R RN AR EERRERER PR RS R R AR R R R R RE R RN REF R AR LR AR PR R R R R R R R R R AR R R R $
g HEH IS EE R E I E R EH E R EE H E HE EH HH U H T T H T HE

FEFEREERY FHEBRERE
SRR ENTRY DEFINITIONS Hiee
SEREREERE - HEHHEE

g HHEHHE 4 E A HEHHTIHHIH HIH I H HHH I H
¢ REREERREREEREREHAREHEE AR HHE R R H R A H E R R E AR R E R AR H LS L SR E 1S

!

!

PUBLIC CRTTBL,OFST,COKFIGFL,KEYTBL,FUNTBL,OVE, FNTBLKD
PUBLIC COMPDERL,MOVEL,FNERRN,DISPERR, AT, SUBHLDE
PUBLIC RSTC,RETRYC,IOBSET,STBIOS,CHPRE,DSKTYP,NROYRX
PUBLIC CLOSE,NOTROYM,URPRCTH,FATERRH, IOERRN, DISPERR

PUBLIC WBOTE,N1RS232,M2RS232,PYRS232,DSKGET,FIXINIT -
PUBLIC OSKNSC,DSKSLC, OSKSID,OSKTRK, FLUSH, CLRLIN, KBRFLEX

PAGE
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108
109
110
111
112
113
114
115
116
17
118

119
120
121
122
123
124
125
126
127

B-12

0000+=
0002+=
0000+=
0004+=
0000+=
0004+=
0001+=
J000+=
OFF7+=

0£00+=
0EQ0+=
0800+=
0000+=
(800+=
0006+=
D047+=
C803+=

005  (NBIOS)

VERSEQU

CPHRAN  EQU
CPIVER EQU
RELEASEH

RELEASE ¢QU
NCRVERH EQU
NCRYER EQU
DNBRR  EQU
DNBRS  EQU
FWVER  EQU

006  (NBIOS)

STADT QU

BIOS  EGU
BDOSSZ EQU
CCPSZ  EOU
BDOS  EQU
cce eey
BOOSNTRY

BOOSTBL Eau

CCPSTB  EQU

OFF7H

ODEOOH

GEOOH
0800H
BI10S-800
BD0OS-CCP
EQu
BOGS+4 /74
CCP+3

SSZ
57
BD0S+6

e Ve o W

.
!
.
!

CP/N RAN BASE
CP/M VERSION
NCR RELEASE HIGH BYTE
NCR RELEASE LOW BYTE
HCR VERSION HIGH BYTE
NCR VERSION LOW BYTE

s D-BUNBER RELEASE

D-NUNBEK SUBISSUE

¢+ LOCATION OF FNVERSION IN FIRMMAKE

“we WE s P8 =me

!

START ADORESS OF BIOS

(CP SIZE
START OF B00S
START OF CCP

s BDOS FUNCTION TABLE START ADDKESS
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128
129
130
131
132
133
134
135
136
137
138
139
140
141
142
143
144
143
146
147

148
149
150
151
132
133
154

(2 4
JJ

156
157

00514=
0050+=
0051+=
0001+=
0010+=
0011+=
0012+=
C013+=
0014+=
0026+=
0027+=
0028+=
0028+=

0024+=
0004 +=
0008+=
0003+-=
0007+=

0003+=
0004+=

000A+=
0008+=
000C+=
000C+-=
0018+=
0014+=

007  (NBIOS)

DISKCEQU

0CoMD  eau
DSTAT  EQU
FOCRA  EQU
MOTOROFF

RAMSEL EQU
RONSEL EQU
SETTC tW
SYSSTA EQU
HOTORON EGU
CoAD  EQU
(A1) (O 3V 1
pracon EQU
DHAST  EQU
onAn0  EQU
OHAE  EQU
DIANRT EQU
DMAREAD EQU
ENFD  EQU
QISFO  EQU

008  (WBIOS)

CNTLEQU

[08YTE EQU
CURDISK tQU
R Equ
LF eau
8BS gqu
33 EQu
T0F EQu
ESC ey
CLRSCN EQU

00051H
000504
000514
Eau 0iH

00H
OaH
08H
OCH
0CH
18H
0144

7 DISK COMMAND PORT

s DISK STATUS PORT

i READ DATA FROM FOC

; WTOR OFF IMDICATOR (SYSSTA)

1 RAN SELECT
; RON SELECT
y SET TC

v SYSTEN STATUS PORT

i MOTOR ON

y FOC ONA CHANMEL
7 FOC DfiA CHANNEL
; O COTMAND

1 READ DHA STATUS

e
y
1 d
?
.
)
.
]

1/0 BYTE

LINE FEED

¢ FORM FEED

a0

ESCAPE

7 CLEAR SCREEN

DA WRITE COMNAND

DA READ COMEIAND

ENABLE FDC CHAMNEL (CH3)
0ISABLE FDC CHANNEL (CH3)

CURRENT DISK NUMBER
CARRIGE RETURN

y BACK SPACE

s 10P OF FORN

APPENDIX B
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158
159
160
161
162
163
164
163
166
167
168
169
170
171
172
173
174
175
176
177
178
179
180
181
182
183
184
185
186
187
188
189
190
191
192
193
194
195
196
197
198
199

201
203

265

B-14

0040+=
0040+=
0040+=
0041+=
0041+=
0041¢=
0002+=
0001+=
0080+=
000i+=
0001+-
0000+=

009  (NBINS)

KEYEQU
KEYBASE EQU
WOKEY EQU
ROKEY  €6U
RSKEY  EQU
KBELL EQU
KCOUNT EQU
INPBFF EQU
OUTPBFF EQU
LeDAT  EQU
KBOAT  EQU
COUNTRY £QU
JqUSICC EQU
DISKBFF
HSTBUF EQU
DIRBUF EQU
ALVl EQ
CSv0  Eau
ALVI  EQU
¢ovi QU
ALV2  EQU
(sv2
ALV EQU
CSv3  tau
ALV  EQU
CSv¢  EQU
ALV EQU
(8] AT 2
ALV6  EQU
CSvé QU
ALV? EQU
CSve EQU
ALV EW
(svg  teu
ALVY  EQU
CSv
LIKBUF EQU
0P80 EQU
- DPBL  EQU
DPB2 QU
OP83  EQU
0P84  EQU
0P85 EQU
DPBé  EQU
oP87  EQU
pPBE EQU
OPB?  EQU
PAGE

00040H
KEYBASE
KEYBASE

KEYBASE+1
KEYBASE+1
KEYBASE+1

024
O1H
80H
O1H
014
GO

OF 6004

HSTBUF +400H
DIRBUF +128

ALV0+32
CSV0+64
ALV1+81
CSV1+44
¢
ALV2+81
0
ALV3+81
0
ALV4+81
g
ALVS+81
0
ALVE+81
0
ALV/+81
¢

ALVE+81

0
ALVI+81

LINBUF+160

0PBO+15
DPB1+1S
DPB2+15
DPB3+15
DPB4+15
DPBO+15
DPB4+15
DPB7+15
0PB8+15

¢ BASE ADORESS OF KEYBOARD
; NRITE DATA TO KEYBOARD

¢ READ DATA FRONM KEYBOARD
s REAG KEYBOARD STATUS

; RING BELL

s COUNTRY CODE PORT

1 INPUTBUFFER FULL

y OUTPUTBUFFER FULL

i LANGUAGE CODE READY FLAG
s DATA READY BIT

i COMNAND TO GET COUNTRY CODE
y RUSIC COMRARD

sLEHGTH 4004
iLENGTH 128
sLENGTH 32
tLENGTH &4
sLENGTH 81
1LENGTH 64
s LENGTH 81

~ §NOT USED FOR HARD DISK

sLENGTH 81

1HOT USED FOR HARD OISK
sLENGTH 81

K0T USED FOR HARD DISK
sLENGTH 81

tNOT USED FOR HARD DISK
yLENGTH 81

tNOT USED FOR HARD DISK
s LENGTH 81

+MOT USED FOR HARD DISK
sLENGTH 81

1NOT USED FOR HARD DISK
sLENGTH 81

HOT USED FOR HARD DISK
+LENGTH 160

LENGTH 15

yLENGTH 15

tLENGTH 15

sLENGTH 15

s LENGTH 15

yLENGTH 15

s LERGTH 13

sLENGTH 15

tLENGTH 15

s LENGTH 15



SYSTEM TECHNICAL MANUAL
010  (NBIOS)
204
207 ;*Hll“ﬂiH!HH!HlﬂHH"Hl"“ll“il!"“!“"iH(H"}&H
208 y & |
209 L BI0S BEGINS HERE '
210 4 &
211 ;liﬂ"ﬂiHHHHIHlHHHH!H!Hll“lll"lllﬂﬂﬂilﬁl!‘i"!
212 -
213
214
215 0000 C35600  STBIOS: JP  CBOOT ; COLD BoOT 7452
216 0003 C36FO0  WBOTE: JMP  WBOOT ; WARM BOOT  DE6T
217 0006 €30090 JP  CONST 2 GET CONSOLE STATUS £¢ 27
218 0009 C30000 P CONIN  ; GET CONSOLE CHARACTERSCZT
219 000C 30000 P CONOUT  ; OUTPUT A CHARACTER TO CRT £33 D
720  000F C30000 M LIST s OUTPUT T0 LIST DEVICE EC6D
221 0012 €30000 AP PUNCH ; GUTPUT TO PUNCH DEVICE (¢ ¢ @
222 0015 €30000 M READER  ; GET CHARACTER FROM READER
223 0018 (34001 P HONE ; HONE DISK (SET TRACK T0 0)
224 0018 C35801 J¥  SELDSK  ; SELECT DISK
225 001E C3ABO1 M SETIRK  ; SET TRACK
226 0021 38101 P SETSEC  ; SET SECTOR
227 0024 (38701 J¥  SETDMA  ; SET DA ADDRESS
228 0027 C3A405 JP  READ ; READ SECTOR
229 0024 C3880S M WRITE : WRITE SECTOR
230 0020 €30000 P LISTST  ; GET STATUS OF THE LIST DEVICE
231 0030 38001 JP  SECTRAN ; TRANSLATE SECTOR NUMBER
232 0033 (33401 P SPECFUN ; EXECUTE SPECIAL BIOS FUNCTIONS
233 0036 €35108 XMP  SELTYP  ; RETURN PARAMETERS FOR TYPSELECTION
234 DISPERR: .
235 0039 33808 XP  DISPER0  ; DISPLAY ERROR MESSAGE
236 CLRLIN:
237 003C €30000 M CLRLIL i CLEAR ERROR LINE
238 PAGE
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011  (NBIOS)

239

240 SRR ERRER R R R R R R R R R R R R R R R R
241 y & &
242 ' & INITIALIZE BDOS
243 ¥ ¢
244 PREEERE R R R R R R R R F A R R R R R R R R RN R L AR
249

244 IKITB0OS:

247  003F 214100 LXI H,8005TBL+13%2 ; HL - A(BDOS FUNCTION 13 TABLE ENTRY)
248 0042 ES PUSH H 7 SAVE PARANETER

249 0045 S€ fov £, ¢ ACTUAL ADDR --) HL

250 0044 23 INX H

291 0049 3¢ foy G,

252 0046 EB XCHG H

253 uué? 225900 SHLD  BDOSRA s STORE RESTART ADORESS

254 0044 115200 LXI 0,RSTBDOS ’

255 0040 Et POP H

256 004E 73 nov fyE

257  004F 23 INX H

238 000 72 nov H,0

%9 0051 €9 RET

2460

261

262 SEERE AR R AR R R R AP R R R R R R R R R R R R AR R R AR AE
263 o | &
264 ' ¥ 800S RESET FUKCTION ¥
265 & j
264 SRR R R R R R R R R R S R R R R R R R R R R R R R R AR B H
2617

268 RSTBDOS:

269 0052 C00000 CALL  RESET ; WARM RESET

270 0055 245900 LHLD  BOOSRA : GET 800S RESET FUNCTION ADOR
271 0038 E9 PCHL §  EXECUTE

272

213 0059 0000 BOOSRA: Dd 00 ¢ BOOS RESET FUNCTION ADOR

274

273 PAGE
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276
211
278
279
280
281
282
283
284

284
2

283
289
290
291
292
293
294
299
294
297
298

300
301
302
303

305
307

308
309

0058 F3

005C 310001
005F CDO000
0062 CD00COO
0065 CDAR00
0068 Af

0069 320400
C046C C37000

0046F 310001
0072 C0O00O
0075 COA00
0078 €00000
0078 3EFF

012  (NBIOS)

PEFER R AR AR RN R R R R AR R R AR AR R R AR I ER R RPN R RARRRERRRER

A #
H CBOOT  COLD 800T ¥
1 )

PR RN RPN R R R R R R E R R R RR IR R R AR R AR AR REE

C80OT:
)
LXI 5P, 100H
CALL  CINIT s COLD INMIT
CALL  RESET 7 RESET DISKS
CALL  LOADSYS s LOAD CCP AND BDOS
XRA A
STA CURDISK s SET DRIVE A = CURRENT DRIVE
Jip NCRDfIV

R 32 e e e g et el el elli o aissiiaaaisiieissdialsssagtatld,

1 '
o WBOOT  WARM BOOT ¥
o & &

p EEREEEHHH AR R R R R R AR R R R R R A R R R R R R EE R R R AR RF R R R RARES

8800T:
LXI 5P, 1004
CALL  RESET : RESET DISKS
CALL  LOADSYS s LOAD CCP AKD BDOS
CALL  MINIT 7 WARM INIT
1) A,0FFH 7 SET FLAG FOR UARN BOOT
PAGE |

APPENDIX B
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310
31
312
313
314
315
314
317
318
319
320
321
32
323
324
325
326
327
328
329
330
331
332
333
334
335
336
337

339

B-18

0070 87
007E F5
007F CO3FO0

0082 3£C3
008¢ 320000
0087 320500
008A 21030E
0080 220100
0090 210600
0093 220600
0096 3A0400
0099 &F
0094 F1
0098 3A0£02
009E OF
009f CAR300
00A2 OF
0043 0203C8
0044 C300C8

013  (NBIUS)

R R R R R AR AP AR R R R P RN AR R AR R FRE PR R R AR RN R

&

¥ NCROMV  INIT PAGE ZERU

o &

&
¢

&

;§§!l**l*ill§i!!i!!ill!i’!llil‘l{’lillilif!*l!f%‘li!&illliiil’l!!

NCROMV:
ORA
FUSH
CALL

VI
STA
STA

LXI

SHLD

LXI -

SHLD
LDA
fov
POP
LDA
RRC
JZ
RRC
€01 UNC
Jip

PAGE

A
PSK
INITBDOS

A, CC3H
CPIRAN
CPARAMS
H,8105+3
CPHIRAN+1

- HyBDOSNIRY

CPHRAN+6
CURDISK
CiA

PSH
NOQEFL

601

CCPST8
ccp

IF COLD START THEM Z = ON
IKITIALIZE BOOS RESET FUNCTION

“JNP° INSTRUCTIOAN

¥800T “JnP-

BOOS “JRP°

INIT WARN BOOT “JNP~ ACORESS

INIT 80QS “JHP* ADORESS

USER v = X, DISK UNIT =Y ,XXXXYYTY
RESTORE FLAGS

GET NOOE FLAG

JutiP IF COLD BGUT

JUtiP IF NO AUTO LOAD
JUNP IF AUTO LOAD



015  (NBIOS)

3N

398 !

399 '

00 ! DISPLAY ROOT ERROR

401 ’

402 NOOSDSK:

403 0108 211E04 LXI H,NO0SERN

(04 010E C31401 JiP BOGTERI

405

¢04

407 ’

(08 0111 210e04  BOOTER: LXI H,BOO0TERN

409 BOOTERI:

(10 0114 €5 PUSH H

411 0115 210018 LXI H,01800H

¢12 0118 220000 SHLD  CURCOL

413 0118 El POP H

{14 011C CP3900 CALL  DISPERR

{15 O011F CDOOC0  BOOTER2:CALL  COMIM y GET A CHARACTER
£16 0122 FEOD CPI (R

417 0124 C21F01 JHZ BOOTER2 y JUIP IF ROT CARRIGE RETURN
418 0127 3£18 vl Ay 2¢

419 0129 CD3C00 CALLL  CLRLIN ; CLEAR LINE
20 012€¢ OE1A fvi ¢y CLRSCH

{421 012t CDOOOO CaLL  COROUT y CLEAR SCREEX
£22 0131 (34900 JP LOADSYS 1 RETRY

423 ?

£24 !

425 '

$26

§27 PAGE
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J¢1
342
343
J¢4
349
346
347
348
349
330
351
LAY
333
354

9
336
N7
358
359
360
381
382
363
364
365
366
367

369
3

373
314
375
376
377

379
381
383
385
387

389
390
391
392
393
394
395
396

0049 1£00
00A8 CDOOGO
00AE 3ACCO2
0081 47

0082 €5
0083 C0O00O
0086 Ci
0087 CAC400
008A 001
008C CDOOOO
008F 05
00C0 C28200
00C3 €31101

0acé €00000
00C9 C20801
goCC 1e01
00CE C00000
0001 1E06
0003 CDOGOO
0006 1100C8
0009 CDOOGO
0aoC 3t03
00DE 320000
00E1 C00000
00E4 €21101
00E7 240000
00EA 110002
00ED 19
00£T 220000
00F1 210000
00F4 35
00FS CAFFOO
00F8 210000
00F8 34
00FC C3E100

00FF 1£02
0101 C0000O
0104 Co0aGO
0107 C21101
0104 €9

014

(NBIOS)

pFURFFRFFEFERRARFSERERPRR R ERIREPAREFRARRIIREAF RS

¢# LOAD CCP AND BDOS

M
H
4

START TRACK/SECTOR = 1/6
LENGTH = 1600H

PREERERERAEREKERF AR RERERR IR REFERAI RS L RRERARERR

!
LOADSYS:

LUADA:

LOADR:

LoaD1:

1}
L0AD2:

VI

LDA
Hov

PUSH
CALL
pof
JI
fv1
CALL
GCR

Jip

CatL
JNZ
vl
Call
VI

LXI

vl
STA
CaLl
JNZ

LXI
0AD
SHLD
LXI
OCR
JI
LXI
INR
Jup

ftV1
CALL
CaLL

RET
PAGE

g0
DSKSET
RETRYC
B,yA

B
READSEC1
B

L0ADB
Cy1
DSKERR
B

LOADA
BOOTER

CHECKOS
NOOSDSK
1
TRKSET
Y
SECSET
0,CCP
ONASET
Ay d
BTRECS
CREAD
BOOTER
PHAADR

0,HSTSIZD

0

PHAADR
H,BTRECS
|

L0AD2
H,HSTSEC
f

L0AD!

E2

TRKSET
ROTRAK
BOOTER

SELECT DISK UNIT
SET UP RETRY COUNTER

SAVE RZTRY COUNTER

READ SECTOR 1

RESTORE RETRY COUNTER
JUtP If 60O STATUS

7 ENRTY FOR ERKOR ROUTINE
s DETECT DISK ERRORS

?

y JunP IF RETRY

¢ ELSE OVERRIDE

8 wmoe We wo

1CHECK IF 0S DISK LOADED

yRETRY IF W0 GS DISK LOADED

s SET TRACK
¢ SET SECTOR
¢ SET DHA ADDRESS

i READ SECTOR
y JUnP IF ERROR

s SET NEW DHA ADDRESS

7 JUIIP IF 3 SECTOR'S READ

7 KEXT SECTOR +
7 READ KEXT SECTOR

s SET TRACK +
i READ TRACK
y JuttP IF ERROR

DISK UNIT O DISK FARAMETER

APPENDIX B
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¢28
429
¢30
431
432
¢33
434
€35
436
¢37
438
£39
44
¢41
442
£43
444
£43
446
(47
448
(49
40
651
432
€33
424
£33
436
4317
458
£39

$1
462
$63

0134 79
0135 87

0136 214101
0139 C04C03

013C 7t
0130 23
013E &6
013F &
0140 E9

0141 5200
0143 0000
0145 0000
0147 0000
0149 0000
0148 0000
0140 0000
014F 0000
0151 0000
0153 0000
0155 0000
0157 0000
0159 0000

D16  (NBIOS)

PERRRERREREEREER AR RREEREFEEHHEAHEHERRAH R T R R R R RERARR R AR ER AL

ot BIOS SPECIAL FUNCTION DISPATCHER &
H | PARAHETER PASSING RGUTINES #
o ¢

PREREREERERRRFRA R R E R R R R HH R AR R R R R R R ER R R R E AR R R R AR R AR

!
SPECFUN:

<

ECTBL i SPECIAL FUNCTION TABLE ADORESS

=X
=4

r- T2 >»oO0 X > 2
- “} -

-
> X

-

PCHL i TRANSFER TO REQUESTED FUNCTION
SPECTBL: .

o RSTBDOS ¢ RESET DISK STUFF

N FORNATT s FORMAT TRACK

| ROTRAK ¢ READ TRACK (OMLY FLEX DISK),

o OHASET ; SET DftA ADDRESS

N DSKSET s SELECT DISX

N TRKSET ¢ SET TRACK

oy SECSET s SET SECTOR

o CREAD 1 READ ONE PHYSICAL SECTOR

o CMRITE 7 WRITE OME PHYSICAL SECTOR

W DHONE i HOME DISK

i DTRKSET 3 SET TRACK TUO BYTES

v FREAD i READ SECTOR WITH ERROR RETURNED

Dy FWRITE s WRITE SECTOR WITH ERROR RETURNED

PAGE
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{44
463
466
t6/
+68
+69
470
L7
473
413
475
$)¢6
471
(13
419
¢80
481

0
vl

«&3
434
485
§36
487
488
489
490
191
492
£93
$94
493
494
497
498
499
300
201
302
903
504
N1IN
S04
907
503
209
510

B8-22

0i%2 79
G150 210402
015F BE
C1at 027001
0163 320000
0166 £D0607
0169 29801
N16C 340000
Gl6F &7
0170 §7
di71 &7

0172 57

0173 210405
0176 (4008
0179 3A0000
017¢ £9

0170 211402
0180 BE
0181 029801
0184 320000
0187 CD4/08
0184 CA6CO1
018D 3EQS
018F (06207
0192 €D0O0OO
0195 (36C01

0198 210000
D198 Af
0i9C 320400
019F (9

017  (NBIOS)

(PRSI R R R AR AR AR R R AP REF RS RE SRR SRR G R R R AR R RN RRRRRPREIHRI R

& &
o & SELECT DISK € = DRIVENUNBER &
& Y

R R AR AR LA R R R R R RN R AR R RN R AR R RN AR

SELDSK:
Hov 4,(C s GET DRIVE
LXI HyNBRFLE. ¢ Als OF DRIVES IN THE SYSTENM)
cne (]
JNC HRODSK ¢ JURP 70 CHECY YF HARD DISK &CCESS
STA SERDSK s SAVE SELECTED DISK
CALL  NOUNT 7 MOUNT DiSK
JHZ SELCTER
GETDPH: LDA SEKDSK
ADD h ; €2
ADO A y ¥ 4
A0D ] ; £ 8
ADD ] t ¥ 16
LXI H, DPBASE
CALL  OFST i OFFSET --) HL
LDA SEXDSK y GET SELECTED DISK
RET
HRODSK
LXI H, KUNHDSK y TOTAL DISK KUNBER
cne f
JHC SELCTER y DRIVE DOESH'T EXIST
STA SEKDSK- s SAVE SELECTED DISK
CALL  CKSEL s CHECK IF DISK SELECTED
JZ GETOPH ¢ JUIP IF DISK SELECTED
nvi Ay3d
CALL  FIXINIT ¢ INIT DISK
CALL  DHONME y RESTORE DISK TO SET STEP RATE
JiP GETOPH
SELCTER:
LXI H,0 3 RETURN ERROR
XRA A
ST4 CURDISK s SELECT DRIVE A
RET
PAGE
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M1
12
213
314
oI
16
W17
318
219
320
321

J

323
324
3N
326
327
328
929
330
31
332
333
334
335

337
238
337

%1
942
#3

143
b
i1
349
31
N2
333
394
398
N
340
%1
363

383

010 340000
01A3 87
014 (24401
0147 320000
0iaa €9

0148 &9
01AC &0
01A0 220000
0180 €9

0181 79
0182 30
0183 320000
0186 €9

0187 &0
0188 &9
0189 220000
018C C¥
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