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FOREWORD

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

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

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

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

The appendices provide schematics, component locations,
software listings, and other information that may be helpful to
the user of these manuals.
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In the NCR DECISION MATE V System Technical Manual series,
the chapters are arranged in numeric sequence and the appendices
in alphabetic sequence:

Hardware — Chapters 1 and 2, Appendix A

CP/M-80 — Chapter 3, Appendix B

MS-DOS — Chapter 4, Appendix C

CP/M-86 — Chapter 5, Appendix D
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CP/M-86 SOFTWARE FOR INPUT/OUTPUT

CP/M-86 SYSTEM OVERVIEW

CP/M -86 is an operating system that loads from flexible disk
into read/write memory. A set of frequently used utilities reside in
memory, while others are loaded from disk as required.

Features of CP/M-86 in your NCR DECISION MATE V in-
clude field specification of one to eight logical drives (two flexible
disk drives, six Winchester disk drives as three units). Any par-
ticular file can reach the full drive size. Users of CP/M-86 are
physically separated by user numbers, with facilities for file copy
operations from one user area to another. Powerful relative-record
random access functions are present in CP/M-86 that provide
direct access to any of the 65536 records of an eight-megabyte
file. CP/M-86 also includes an Intel-compatible assembler (ASM86)
and a debugging utility (DDT86), with which you can load, test,
and save programs.

The first three tracks of surface 0 of your operating system
flexible disk contain only the loader program. The operating sys-
tem itself (CPM.SYS) resides on disk in much the same way as
the CP/M-86 utilities. During initialization this loader is present in
memory between 2000H and 5000H. The addresses below the
loader are left free for ROM selection. The operating system is
initially loaded to 6000H. As the final stage of the initialization
procedure, the operating system is moved downwards in memory
to the top of the 8086 interrupt vector area (400H), thus over-
writing the loader. The BIOS program for your NCR DECISION
MATE V starts 2500H bytes above 400H. The segment registers
CS and DS are each set to the paragraph value 40H. With the
operating system loaded, you have approximately 38 KB at your
disposal in a 64 KB NCR DECISION MATE V.

The GENCMD utility (described in detail in the CP/M-86
Manual, which you received with your operating system flexible
disk) allows you to choose from a number of memory models:
you can make use of independent segments, where the ‘‘base
page” of length 100H is written by the operating system to the
beginning of the data segment. Alternatively, you can set up an
8080 memory model, where CS and DS address the same area in
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memory, so that the base page corresponds to the page zero
(first 100H bytes of memory) of CP/M-80 software. However, you
should note that location 5 in the base page does not contain the
CP/M-80 page zero jump instruction, and that the IOBYTE is
not present. (The IOBYTE is situated in the BIOS program at lo-
cation 258BH relative to paragraph 40H.)

The CP/M-86 base page consists of the following elements:

Bytes 0-2:
The address in 24 bits (four uppermost bits in byte 2 = zero)
of the last location in memory used by the code segment. In
the 8080 memory model, this value can never exceed OFFFFH.
Bytes 3-4:
The value in 16 bits of the base paragraph of the code segment.
Byte 5:
Value 1 to denote 8080 memory model.
Bytes 6-0AH :
Information as in bytes 0-4, this time for data segment. Byte
OBH is unused.
Bytes OCH-OEH :
Length of area used by the extra segment.
Bytes OFH-10H:
Base paragraph of the extra segment. Byte 11H is unused.
Bytes 12H-17H:
As in bytes OFH-10H, this time for stack segment. (The CCP
area includes a 96-byte default stack area.) Byte 17H is unused.
Bytes 18H-1DH, 1EH-23H, 24H-29H, 2AH-2FH:
Four optional groups which may be required for programs
executing under the compact memory model (see CP/M-86
Manual).
Bytes 30H-5BH :
Not currently used.
Bytes 5CH-7FH:
Default FCB.
Bytes 80H-OFFH:
Default buffer.

CP/M-86 SYSTEM OVERVIEW
FOR CP/M-80 PROGRAMMERS
CP/M-86 GENERAL CHARACTERISTICS
CP/M-86 contains all facilities of CP/M-80 with additional features

to account for increased processor address space of up to a mega-

52



SYSTEM TECHNICAL MANUAL CP/M-86 SOFTWARE FOR INPUT/OUTPUT

byte (1,048,576) of main memory. Further, CP/M-86 maintains
file compatibility with all previous versions of CP/M. The file
structure of version 2 of CP/M is used. Thus, CP/M-80 and CP/M-86
systems may exchange files without modifying the file format.

CP/M-86 resides in the file CPM.SYS, which is loaded into
memory by a cold start loader during system initialization. The
cold start loader resides on the first three tracks of the system
disk. CPM.SYS contains three program modules:

The Console Command Processor (CCP),
the Basic Disk Operating System (BDOS),
the Basic I/O System (BIOS).

The operating system executes above the reserved interrupt
locations, while the remainder of the address space is partitioned
into as many as eight non-contiguous regions, as defined in a BIOS
table. Unlike CP/M-80, the CCP area cannot be used as a data area
subsequent to transient program load; all CPM.SYS modules
remain in memory at all times, and are not reloaded at a warm
start.

Similarly to CP/M-80, CP/M-86 loads and executes memory
image files from disk. Memory image files are preceded by a
“header record,”” which provides information required for proper
program loading and execution. Memory image files under CP/M-86
are identified by a “CMD”’ file type.

Unlike CP/M-80, CP/M-86 does not use absolute locations for
system entry or default variables. The BDOS entry takes place
through a reserved software interrupt (INT 224), while entry to
the BIOS is provided by a new BDOS call. Two variables main-
tained in low memory under CP/M-80, the default disk number
and I/O Byte, are placed in the CCP and BIOS, respectively.
Dependence upon absolute addresses is minimized in CP/M-86 by
maintaining initial ““base page’’ values, such as the default FCB and
default command buffer, in the transient program data area.

The GENCMD (Generate CMD) utility replaces the LOAD pro-
gram of CP/M-80, and converts the hex files produced by ASM-86
or Intel utilities into memory image format suitable for execution
under CP/M-86. In addition, a variation of GENCMD, called
LMCMD, converts output from the Intel LOC86 utility into CMD
format.

A group consists of segments that are loaded into memory as
a single unit. Since a group may consist of more than 64KB, it
is the responsibility of the application program to manage segment
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registers when code or data beyond the first 64 KB segment is
accessed.

CP/M-86 supports eight program groups: the code, data, stack
and extra groups as well as four auxiliary groups. When a code,
data, stack or extra group is loaded, CP/M-86 sets the respective
segment register (CS, DS, SS, or ES) to the base of the group.
CP/M-86 can also load four auxiliary groups. A transient program
manages the location of the auxiliary groups using values stored by
CP/M-86 in the user’s base page.

CP/M-80 AND CP/M-86 DIFFERENCES

The structure of CP/M-86 is as close to CP/M-80 as possible, in
order to provide a familiar programming environment which allows
application programs to be transported to the 8086 and 8088 pro-
cessors with minimum effort.

Due to the nature of the 8086 processor, the fundamental
difference between CP/M-80 and CP/M-86 is found in the manage-
ment of the various relocatable groups. Although CP/M-80 refer-
ences absolute memory locations by necessity, CP/M-86 takes
advantage of the static relocation inherent in the 8086 processor.
The operating system itself is loaded directly above the interrupt
locations, at location 0400H, and relocatable transient programs
load in the best fit memory region. Transient programs will load
and run in any non-reserved region.

To make a BDOS system call, use the reserved software inter-
rupt # 244. The jump to the BDOS at location 0005 found in
CP/M-80 is not present in CP/M-86. However, the address field
at offset 0006 in the base page is present so that programs which
“‘size’’ available memory using this word value will operate without
change. CP/M-80 BDOS functions use certain 8080 registers for
entry parameters and returned values. CP/M-86 BDOS functions
use a table of corresponding 8086 registers. For example, the 8086
registers CH and CL correspond to the 8080 registers B and C.
Look through the list of BDOS function numbers in Figure 5.3
and you will find that function 0, as well as functions 1BH and
1FH, have changed slightly. Several new functions have been
added, but they do not affect existing programs.

One major fundamental difference is that in CP/M-80, all ad-
dresses sent to the BDOS are simply 16-bit values in the range
000OH to OFFFFH. In CP/M-86, however, the addresses are really
just 16-bit offsets from the DS (Data Segment) register, which is
set to the base of your data area. If you translate an existing
CP/M-80 program to the CP/M-86 environment, your data segment
will be less than 64 KB. In this case, the DS register need not be
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changed following initial load, and thus all CP/M-80 addresses
become simple DS-relative offsets in CP/M-86.

Under CP/M-80, programs terminate in one of three ways: by
returning directly to the CCP, by calling BDOS function 0, or by
transferring control to absolute location 000H. CP/M-86, however,
supports only the first two methods of program termination. This
has the side effect of not providing the automatic disk system
reset following the jump to 0000H which, instead, is accomplished
by entering a CONTROL-C at the CCP level.

LOGICAL DISK LAYOUT

FLEXIBLE DISK (5 1/4-inch)

The drive for flexible disk is designed to make use of double-sided
disks with double-density storage of data. 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 spacing on the flexible disk is
48 tracks per inch. Each track is divided into 8 equal length
sectors. Each sector is further divided into an address area and a
data area. _

The following is a description of the logical layout and for-
matting requirements for flexible disks being used in the CP/M-86
operating system. Figure 5.1 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 is filled with bytes of hexadecimal 4E. The
number of these bytes can vary, but a typical number is 873.
Gap 1
Immediately following the index hole: 80 bytes of 4E, then
12 bytes of zero, then 3 bytes of hexadecimal C2, then FC,
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then 50 bytes of 4E. This gap and Gap 4 serve to compensate
for timing variations due mainly to rotational speed.

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

AM (Address Marker)
3 bytes of hexadecimal A1 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, i.e. value 0.) AM indicates that address information
follows.

DM (Data Marker)
As with AM, except that FB follows the A1l 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 (not normally required beyond Gap 1 on user tracks).

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: 01 = 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. A1, Al, Al, FE, and the
4 address bytes).
For a data area, the preceding 516 bytes are used (i.e. Al,
Al, A1, FB, and the 512 data bytes.)
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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 O, track O, sector 1.

WINCHESTER DISK

The Winchester disk software format is similar to that of the flexi-
ble drive in that an index mark is recognized (a pulse of at least
200nS) followed by ID and Data Fields, including check bytes.
Similar to the flexible disk-drive controller, the Winchester disk-
drive controller uses polynomial codes (CRC and ECC) to check
ID and data integrity. Figure 5.2 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 0 to 255

Value FC: cylinders 512 to 767

Value FD: cylinders 768 to 1023

CYL LOW
The eight least significant bits of the ten-bit cylinder number.
(CYL HIGH contains the two most significant bits.)

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

BDOS FUNCTIONS
A list of CP/M-86 calls is given in Figure 5.3, with an asterisk

following functions which differ from, or are added to, the set of
CP/M-80 Version 2 functions.
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F# Result

F# Result
(Hex)

00 System Reset

01 Console Input

02 Console Output

03 Reader Input

04 Punch Output

05 List Output

06* | Direct Console I/0
07 Get |/O Byte

08 Set /O Byte

09 Print String

0A Read Console Buffer
0B Get Console Status
oc Return Version Number
oD Reset Disk System
OE Select Disk

OF Open File

10 Close File

11 Search for First

12 Search for Next

13 Delete File

14 Read Sequential

15 Write Sequential

16 Make File

17 Rename File

18 Return Log-in Vector

19 Return Current Disk

1 Set DMA Address

1B* | Get Addr (Alloc)

1C Write Protect Disk

1D | Get Addr (R/O Vector)

1E Set File Attributes

1F* | Get Addr (Disk Parms)

20 Set/Get User Code

21 Read Random

22 Write Random

23 Compute File Size

24 Set Random Record

25* | Reset Drive

28 Write Random with Zero Fill
2F Chain to Program

31 Get Sysdat Address

32* | Direct BIOS Call

33* | Set DMA Segment Base
34* | Get DMA Segment Base
35* | Get Max Memory Available
36* | Get Max Mem at Abs Location
37* | Alloc Mem

38* | Alloc Absolute Memory Region

39* | Free Memory Region
3A* | Free All Memory
3B* | Program Load

Figure 5.3

Figure 5.4 explains briefly the nature of each function, the
function number which must be loaded in Register CL, additional
entry parameters and their required registers, as well as the signifi-
cance 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. For detailed descriptions see the
CP/M-86 manual.

CP/M-86 allows dynamic allocation of memory into up to
eight regions. This means that a program can be loaded into
memory by another program, and this newly-loaded program can
itself then load a further program, and so on. The memory areas
thus allocated can be released again. Memory management func-
tions beginning at 35H reference a Memory Control Block (MCB),
defined in the calling program, which takes the form:

16-bit

16-bit 8-bit

MCB: M-Base M-Ext

M-Length
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where M-Base and M-Length are either input or output values ex-
pressed in 16-byte paragraph units, and M-Ext is a returned byte
value, as defined specifically with each function code. An error
condition is normally flagged with a OFFH returned value in order
to match the file error conventions of CP/M.

The memory management functions return information re-
garding: the largest available memory region, which is less than, or
equal to, M-Length paragraphs; the largest possible region at the
absolute paragraph boundary given by M-Base, for a maximum of
M-Length paragraphs.

The MCB is also used for allocating memory. In this case, M-
Length is filled by the programmer with the size of memory
requested, or with the size and memory requested and an absolute
base address.

Function no. Description Additional Return
in Reg. CL Entry Value
(Hex) Parameters in Reg.
in Reg.
00 System reset. DL Abort Code -
01 Console input — waits for character, - AL: ASCII
which is echoed to console. character
02 Console output — tabs expanded, DL:ASCII -
check for start/stop scroll. character
03 Reader input — waits for character - AL: ASCII
character
04 Punch output. DL: ASCII -
character
05 List output. DL:ASCII -
character
06 Direct console 1/0 DL: AL:
OFFH: return key | ASCll-char.
character if ready,
otherwise 0
OFEH :return 0 = no char.,
status only <>0=
char. ready
else: output
this character
07 Get 1/0 Byte. - AL:
IOBYTE
08 Set 1/0 Byte. DL: IOBYTE —

Figure 5.4 (1 of 5)
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Function no. Description Additional Return
in Reg. CL Entry Value
(Hex) Parameters in Reg.
in Reg.
09 Print string until $encountered — | DX: -
tabs and control chars. as in 02, String offset
0A Read console buffer — reads con- DX: [DX+1]
sole input into buffer at address Buffer offset number of
DX until CR (ODH) or LF (0AH) [DE+0]: characters in
or overflow. Other control chars. Buffer length buffer
recognized.
0B Get console status. - AL:
1if char. ready;
otherwise 0
oc Return version number. - BH:
00 =CP/M,
BL:
00 = version be-
fore 2.0, lower
nibble = release
2.n
0D Reset disk system — all disks - -
read/write, disk A selected
OE Select disk. DL: -
Drive A=0..
Drive P = OFH
OF Open file — if found, directory DX: AL:
information copied to FCB. FCB offset 0,12,0r3=
found, other-
wise OFFH.
10 Close file — new FCB recorded DX: AL:
in disk directory. FCB offset 0,12,0or3=
old directory
entry found,
otherwise OFFH
11 Search for first file entry in di- DX: AL:
rectory corresponding to FCB. FCB offset 0.1,2,0r3=
found, other-
wise OFFH
12 Search for next file entry after - AL:
last matched entry. 0,12,0or3=
found, other-
wise OFFH
13 Delete file matching FCB. DX: AL:
FCB offset 0 = found,
otherwise OF FH

Figure 5.4 (2 of 5)



Function no. Description Additional Return
in Reg. CL Entry Value
(Hex) Parameters in Reg.
in Reg.
14 Read sequential record of opened DX: AL:
file (function OF or 16) to DMA FCB offset 0 = read suc-
address (function 1A). cassful, 1 =
no data exists
15 Write sequential record of opened DX: AL:
file (function OF or 16) from FCB offset 0 = write suc-
DMA address (function 1A). cessful
1 = no available
directory space
2 =no available
data block
16 Make file which does not already DX: 01,2,0or3=
exist, FCB offset successful,
OFFH = no di-
rectory space
17 Rename file. DX: 0 = successful
address of FCB
inc.old name. | OFFH =old
(DE+10H): name not
new name found
18 Return Log-in vector. - BX:
bit significance
0...15 corre-
sponds to drive
A...P,0 bitset
=drive not on
line, 1 bit set =
drive on line
19 Return current disk. - AL:
0. ..0FH corre-
sponding to
drive A. . P
1A Set DMA address — i.e. address DX: -
of data record for read or write DMA offset
operation.
1B8 Get address of drive allocation - BX: Alloc off-
vector. set
ES:segment
base
1Cc Temporary disk write protection. - -

5-12
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Function no. Description Additional Return
in Reg. CL Entry Value
(Hex) Parameters in Reg.
in Reg.
1D Get read only vector. — BX:
bit significance
0...15 corre-
sponds to drive
A...P, bitset
=R/0
1E Set file attributes in directory in DX: AI::
accordance with attributes in FCB. | FCB offset 0 = successful
OFFH = file
named in FCB
not found
1F Get address of disk parameter - BX:
block DPB offset
segr.nent base
20 Set/get user code. DL: AlL:

OFFH = get user number

number

Otherwise, set

number to

register con-

tents

21 Read random DX: AL:

FCB offset 00 = success-
ful; or error
codes

22 Write random DX: AL:

FCB offset 00 = success-
ful; or error
codes

23 Compute file size DX: Random Re-

FCB offset cord Field Set

24 Set random record DX: Random Re-
FCB offset cord Field Set
25 Reset drive DX: AL:

Drive vector 00

bit significance

0...15 corre-

sponds to drive

A. . .P,bit set

=drive to be

reset

26, 27 Not in use
28 Write random with zero fill DX: See Function 22
FCB offset
2F Chain to program DMA buffer:
Command line

Figure 5.4 (4 of 5)
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Offset of FCB

Function no. Description Additional Return

in Reg. CL Entry Value

(Hex) Parameters in Reg.
in Reg.

31 Get address of System Data Area BX:
SYSDAT Ad-
dress offset
ES:

SYSDAT Ad-
dress segment

32 Direct BIOS call DX:

BIOS Descrip- =

tor

33 Set DMA base segment DX: —

Base Address

34 Get DMA base segment BX:

DMA offset
ES:
DMA segment

35 Get largest area of memory available| DX: AL: request

Offset of Mem-| 00 = success-

ory Control ful, OFFH = no

Block (MCB) memory avail-
able
M-EXT:

0 = no additi-
onal memory
available, 1 =
add mem, f.
allocation

36 Get largest area of memory avail- DX: AL:

able at paragraph boundary speci- Offset of MCB | 00 = success-

fied in MCB ful, OFFH =no
memory avail-
able

37 Allocate memory DX: AL:

Offset of MCB | 00 = success-
ful, OFFH =
not allocated

38 Allocate absolute memory DX: AL:

Offset of MCB | 00 = success-
ful, OFFH =
not allocated

39 Free memory DX:

Offset of MCB -

3A Free all memory

3B Program load DX: AX:

Return Code/
Base Page Addr
BX:

Base Page Addr

5-14
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FILE INFORMATION

CP/M-86 identifies every file by the drive specifier (1 character —
optional), the file name (1-8 characters), and the file type (1-3
characters — optional). The file itself consists of byte by byte
information logically divided into lines by the hexadecimal se-
quence ODH, OAH (carriage return, line feed). When reading, CP/M-
86 interprets the hexadecimal value 1A as end-of-file except in
machine-executable files (e.g. COM). A file is divided into 16 KB
logical extents automatically accessed in both sequential and
access modes.

A CP/M-86 utility or user program may make use of the
default file control block (FCB) situated at offset 005CH from the
DS register. The basic unit used in the reading and writing of files
is the 128-byte record, for which CP/M-86 provides a default lo-
cation at 0080H.

The FCB data area (i.e. from 005CH onward) uses 33 bytes
for sequential, and 36 bytes (i.e. up to and including 007FH) for
random file access. The FCB layout is as follows. The numbers 00
to 35 in the layout denote the offsets of the individual bytes to
the FCB beginning.

[arlfiff2]//]f8t1 [t2]t3]ex]s1]s2]rc]d0]//]dn]cr]ro]r1]r2}
00 01 02...08 09 10 11 12 13 14 1516 ... 31 32 33 34 35

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

16 = auto disk select drive P.
fl.. £8
Contain the file name in ASCII upper case, with high bit = 0.
t1, t2, t3
Contain the file type in ASCII upper case (bit 7 = zero). The
high bits t1’ and t2’ are used as follows:
tl’ = 1: Read/Only file
t2’ =1: SYS file, no DIR list
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.
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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 0-128.
do.. .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
Optional random record number in the range 0-65535, with
overflow to r2. rO, r1 constitute a 16-bit value with low byte
r0 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 operations
can commence. The memory copy of the FCB is updated during
file operations and recorded permanently on disk when these
operations are concluded (Function 10H).

CP/M-80 Version 2 and CP/M-86 perform directory operations
in a reserved area of memory that does not affect write buffer con-
tent, except in the case of Search and Search Next, where the
directory record is copied to the current DMA address.

Function 21H has as its entry parameter an FCB address in the
register pair DX. 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 QF). If the random read is successful, the value of register AL
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 AL are:

01 or 04 Read attempted beyond last file extent.
03 Cannot close current extent (bad or no FCB).
06 Random record number out of range.

For full details of error codes, refer to the NCR CP/M-86 Manual.

Function 22H is a write-random facility, using data from the
current DMA address. The information given above about Func-
tion 21H applies analogously to this function. In addition, error
code 05 indicates failure to write due to directory overflow.
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Function 23H refers to the FCB addressed by the DX register
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 24H is used to set a random record number in bytes
r0 and rl of the FCB addressed by the DX register. 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-86. The purpose
here is 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 [oooo [pirBuF| DB | csv | aLv |
16b  16b _ 16b _ 16b  16b 16b  16b _ 16b

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

XLT
Always OOOOH because no sector translation takes place
(i.e. the physical and logical sector numbers are the same).
0000
Scratchpad values for use within the BDOS (initial value is
unimportant).
DIRBUF
Offset of a 128-byte scratchpad area for directory operations
within BDOS. All DPHs address the same scratchpad area.
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DPB
Offset of a disk parameter block for this drive. Drives with
identical disk characteristics address the same disk parameter
block.

CSv
Offset of ascratchpad area used for software check for changed
disks. This offset is different for each DPH.

ALV
Offset of a scratchpad area used by the BDOS to keep disk
storage allocation information. This offset 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 0, with the last row
corresponding to drive n-1. The table thus appears as

DPBASE:

00|| XLT 00|0000|0000|0000|DIRBUF|DBP 00|CSV 00|ALV 00
01]] XLT 01]{0000]0000]0000|DIRBUF|DBP 01|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 offset of the DPH table
relative to the beginning of the operating system.

A responsibility of the SELDSK subroutine is to return the
offset of the DPH for the selected drive. The Disk Parameter
Block (DPB) for each drive is more complex. A particular DPB,
which is addressed by one or more DPHs, takes the general form

{spr]BsH[BLM]Exm[Dsm [DRM [ALo | ALY [ cKks |OFF]
16b 8b 8 8o 16b 16b 8 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.

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 (285H)-1. (BLM has for
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flexible disk a value of OF, for fixed disk a value of 3F.)
EXM
The extent mask, determined by the data block allocation size
and the number of disk blocks. (EXM has for flexible disk a
value of 1, for fixed disk a value of 3.)
DSM
Number of allocation blocks possible on disk, minus one.
DRM
Number of directory entries that can be stored on the
drive, minus one. (ALO, ALl determine reserved directory
blocks.)
CKS
The size of the directory check vector.
OFF
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 for flexible
disk = 2048 bytes, for fixed disk = 8192 bytes) units. The product
BLS times (DSM+1) is the total number of bytes held by the drive,
not counting the reserved operating system tracks.

The DRM entry is the one less than the total number of direc-
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 ALl
AN A

\ r N\
60 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 right until position 15). Each directory entry occupies
32 bytes.
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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 is 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 is determined
by the values in the DPB.

The size of the area addressed by CSV is 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 1/0 DEVICES
CP/M makes use of four types of communication channel:

CONSOLE
Interactive communication with the operator.
LIST
Output channel to the principle listing device, usually a printer.
PUNCH
Punching device.
READER
Reading device.

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 5.5
shows the possible bit settings within the IOBYTE 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.
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Console assigned to . . . Binary value
of bits 0 with 1

TTY Oor3
CRT 1or2

Figure 5.5 (1 of 4)

Reader assigned to . . . Binary value
of bits 2 with 3

TTY Oor3
CRT 1or2

Figure 5.5 (2 of 4)

Punch assigned to . . . Binary value

of bits 4 with 5

TTY 0
CRT lor3
LPT 2

Figure 5.5 (3 of 4)

List assigned to . . .

Binary value
of bits 6 with 7

TTY Oor3
CRT 1
LPT 2

Figure 5.5 (4 of 4)




TERMINAL FUNCTIONS

This section concerns the possibilities of software manipulation of
the CRT display. CP/M-86 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
activating the loudspeaker. One or more functions are possibly not
implemented on some machines. Figure 5.6 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 is 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 5.7.

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 memory address 44DC. This address must, of course,
be understood as an offset to the paragraph value 40H.

Foreground and background colors are determined by the six
most significant bits of the attribute byte (see Figure 5.8). Bit 1
set activates video blinking.
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TERMINAL FUNCTION CODES (1)

Function

Hexadecimal Code

POSITION CURSOR
ROW + Offset
COL + Offset

CURSOR LEFT
(non-destructive backspace)

CURSOR DOWN
(line feed)

CURSOR RIGHT
(non-destructive forward space)

CURSOR UP
(reverse line feed)

CURSOR HOME
(top left corner)

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
(Red on color CRT)

.RESET INVERSE AND BLINKING
VIDEO INVERSE ON

BLINKING ON

RING THE BELL

MuUsSIC

1B 3D
followed by
ROW + 20
followed by
COL +20

08

0A

ocC

(o]:]

1E

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

0D

1B

1B 45

1B 51

18 52

1B 57

1B 28

18 29

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

18 4D

followed by

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

Length in the range

20 to FF (steps of 20ms)

Figure 5.6 (1 of 2)
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TERMINAL FUNCTION CODES (2)

Function

Program function key ESC, F, FN, STRING, FN

where: ESC = ESCAPE character (hex value 1B)
F = Function code (hex value 46)
FN = Function number (hex values between EO for function key 1 and F3 for function key 20
STRING = Character string (a string of ASCII characters including control characters* hex values between
0and 7F
Example: The followng string programs function key F2 with DIR (all values in hex): 1B 46 E1 44 49 52 0D E1

* control character 09 (Horizontal Tabulation) not allowed.

The advantage to the programmer of this method is that there is no need to return to CP/M-86 system level in order to program a
Function Key via the CONFIG utility.

Figure 5.6 (2 of 2)
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MUSIC CODES
NOTE FREQUENCY CYCLES
PAUSE 20 -
A 21 110
A# 22 116.5
B 23 1235
(o4 24 131
C# 25 138.6
D 26 146.8
D# 27 155.8
E 28 164.8
F 29 174.6
F# 2A 185
G 2B 196
G# 2C 208
A 2D 220
A# 2E 233
B 2F 2469
C (Middle C) 30 261.6
C# 31 2774
D 32 293.7
D# 33 311
E 34 329.6
F 35 349.2
F# 36 370
G 37 392
G# 38 415
A 39 440
A# 3A 465
B 38 493.9
C 3C 523.2
Cc# 3D 553
D 3E 587.3
D# 3F 622
E 40 659.3
F 41 698.5
F# 42 740
G 43 784
G# 44 830
A 45 880
A# 46 932
B 47 987.8
C 48 1046.5
c# 49 1108.7
D 4A 1174.7

Figure 5.7
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CRT ATTRIBUTES
COLOR Binary value in 3 bits:
BACKGROUND FOREGROUND
(Bits 7, 6, 5) (Bits 4, 3, 2)
White 0 7
Cyan 1 6
Magenta 2 5
Blue 3 4
Yellow 4 3
Green 5 2
Red 6 1
Black 7 0
Figure 5.8

THE BIOS PROGRAM

The BIOS portion of CP/M-86 resides in the topmost portion of
the operating system (highest addresses), and takes the general
form shown in Figure 5.9.

CS, DS, ES, SS:: Console
Command
Processor

and

Basic
Disk
Operating
System

CS + 2500 H: BIOS JUMP Vector

CS + 2580 H:
BIOS Entry Points

BIOS :
Disk
Parameter
Tables

Uninitialized
Scratch RAM

Figure 5.9 General CP/M-86 Organization
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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 (DDT86) which is pro-
vided as part of the CP/M-86 operating system. A full description
of DDT86 is contained in the NCR CP/M-86 manual. It suffices
here to say that with the aid of DDT86, the user can enter in-
structions in assembly language, produce a hexadecimal display of
memory on the screen, initialize areas of memory, list the contents
of memory in assembly 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, it is only necessary to
load the DDT utility.

An important note is justified here concerning the use of the
L command in DDT. The disassembler interprets memory as as-
sembler instructions. This means that areas of data storage created
by the assembler directives DB, DW, or RS, or memory areas
which simply are not used by the BIOS program, can lead to in-
correct disassembly. Therefore, the user should ascertain that
memory being disassembled contains only valid assembler instruc-
tions. The disassembler does not provide symbols.

THE BIOS JUMP VECTOR
Entry to the BIOS is through a ‘“jump vector’’ located at offset
2500H from the base of the operating system. The jump vector
is a sequence of 23 three-byte jump instructions which transfer
program control to the individual BIOS entry points. (Figure 5.10).

Parameters for the individual subroutines in the BIOS are
passed in the CX and DX registers, when required. CX receives
the first parameter; DX is used for a second argument. Return
values are passed in the registers according to type: Byte values
are returned in AL. Word values (16 bits) are returned in BX.
Specific parameters and returned values are described with each
subroutine.

There are three major divisions in the BIOS jump table: system
(re)initialization subroutines, simple character I/O subroutines,
and disk I/O subroutines.

THE BIOS ENTRY POINTS

The earlier section “BDOS Functions’’ demonstrated the range of
I/O functions which can be used by loading the CL and other
registers with entry parameters and issuing INT 224. The BIOS
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Offset to Suggested BI0S| Description

paragraph Instruction F#

40H

2500H JMP INIT 0 |Arrive Here from Cold Boot

2503H JMP WBOOT 1 |Arrive Here for Warm Start

2506H JMP CONST 2 |Check for Console Char Ready

2509H JMP CONIN 3 [Read Console Character

250CH JMP CONOUT 4 |Write Console Character

250FH JMP LIST 5 |Write List Character

2512H JMP PUNCH 6 [Write Char to Punch Device

2515H JMP READER 7 |Read Reader Device

2518H JMP HOME 8 |Move to Track 00

251BH JMP SE LDSK 9 [Select Disk Drive

251EH JMP SETTRK 10 |Set Track Number

2521H JMP SETSEC 11 |Set Sector Number

2524H JMP SETDMA 12 |Set DMA Offset Address

2527H JMP READ 13 [Read Selected Sector

252AH JMP WRITE 14 (Write Selected Sector

252DH JMP LISTST 15 |Return List Status

2530H JMP SECTRAN 16 |Sector Translate

2533H JMP SETDMAB 17 [Set DMA Segment Address

2536H JMP GETSEGB 18 |Get Offset of memory region
table

2539H JMP GETIOB 19 |Get I/0 Mapping Byte

253CH JMP SETIOB 20 |Set 1/0 Mapping Byte

253FH* JMP SPECFUN 21 |Sets up parameter for BIOS functions

2542H* JMP SELTYP 22 |Returns params for EXCHANGE utility

* NON-STANDARD BIOS FUNCTION

Figure 5.10

includes a similar vector, from which I/O functions can be acti-
vated by means of a programmed call to one of twenty-three
addresses in this vector. A description of these functions follows.
The hexadecimal numbers in parentheses represent the positive
offset (to the BIOS starting point) of the first byte of the jump
instruction which activates that function.

INIT
(0000)

This subroutine is called directly by the CP/M-86 loader after
the CPM.SYS file has been read into memory. The procedure
is responsible for any hardware initialization not performed by
the bootstrap loader, setting initial values for BIOS variables
(including IOBY TE), printing a sign-on message, and initializing
the interrupt vector to point to the BDOS offset (0BO6H) and
base. When this routine completes, it jumps to the CCP offset
(OH). All segment registers are initialized at this time to
contain the base of the operating system.
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WBOOT

(0003)
Warm start — BIOS is not reloaded. The routine jumps directly
to the warm start entry point of the CCP (06H).

CONST

(0006)
Console status — returns OFFH in register AL if the character
is ready, otherwise OOH.

CONIN

(0009)
Console character returned in register AL. Bit 7 is reset. No re-
turn until a character is typed.

CONOUT

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

LIST

(O00F)
Contents of register CL is sent to the current listing device.
(See section “Logical Assignment of I/O Devices.”)

PUNCH

(0012)
Contents of register CL is sent to the currently assigned punch
device. (See section ‘‘Logical Assignment of I/O Devices.””)

READER

(0015)
Reader character returned in register AL. Bit 7 is reset. (See
section “Logical Assignment of I/O Devices.”)

HOME

(0018)
Disk head moves to track zero position.

SELDSK

(001B)
Selects disk drive according to contents of register CL :
0 = drive A. .. 15 = drive P. Register DL 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 CX: 0-65535 for
disk subsystems.

SETSEC

(0021)
Selects sector number contained in registers CX.
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SETDMA
(0024)
- Sets DMA address to contents of CX registers. The automatic
warm boot setting is 0080H.
SETDMAB
(0033)
Register CX contains the segment base for subsequent DMA
read or write operation. The BIOS will use the 128-byte buffer
at the memory address determined by the DMA base and the
DMA offset during read and write operations.
READ
(0027)
Using the set drive, track, sector, and DMA address, one disk
sector is read. Normally, register AL 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 is written. The data should be marked as ‘“‘non-
deleted data” to maintain compatibility with other CP/M
systems. Settings and returns as in READ.
LISTST
(002D)
Returns status of list device: OFFH in register AL indicates
that the device is ready to receive a character. Useful for
background printing.
SECTRAN
(0030)
Moves sector number in CX to BX.
SPECFUN
(003F)
Sets up parameters for BIOS functions. Non-standard BIOS
function.
GETSEGT
(0036)
Returns the address of the 5-byte Memory Region Table
(MRT) in BX. The returned value is the offset of the table
relative to the start of the operating system. The table defines
the location and extent of physical memory which is available
for transient programs.
Memory areas reserved for interrupt vectors and the CP/M-
86 operating system are not included in the MRT. The Memory
Region Table takes the form:
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MRT: R-Cnt

R-Base R-Length

where R-Cnt is the number of Memory Region Descriptors
(equal to 1), while R-Base and R-Length give the paragraph
base and length of the physically contiguous area of memory.

GETIOBF

(0039)
Returns the current value of the logical to physical input/
output device byte (IOBYTE) in AL. This eight-bit value is
used to associate physical devices with CP/M-86’s four logical
devices.

SETIOBF

(003C)
Use the value in CL to set the value of the IOBYTE stored in
the BIOS.

SELTYP

(0042)
Retumns parameters for EXCHANGE utility. Non-standard
BIOS function.

MAKING USE OF THE 1/0 SOFTWARE

The CP/M-86 input/output software operates from read/write
memory to which the user has full access. Some advanced pro-
grammers may wish to adjust parts of BIOS to meet an excep-
tional requirement. In doing so, the assembler listing contained
in the appendix is invaluable.

The majority of users wishing to activate I/O functions at ma-
chine 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 facitlities provided
by these two modes of access. The most striking difference con-
cerns the handling of console input and string output to the con-
sole 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 CONOUT. The other significant dif-
ference is the enhanced console printing facility from BDOS, the
string function 9.

Where possible, programs should use the BDOS entry points.
These have been provided in CP/M to ensure that your pro-
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grams will also run with future developments of BIOS software.
Remember that BIOS routines can be activated using the BDOS
Function 32H. If BIOS entry points are used other than via this
BDOS function, 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.

SOME 1/0 EXAMPLES

This section contains some short examples of input/output be-
tween keyboard, CRT, loudspeaker, and printer. Your CP/M-86
system flexible disk includes a symbolic assembler which you can
use for assembling these examples. When you have written your
source file (e.g. TUNE) with the file extent .A86, you can proceed
in accordance with the following sequence at system level:

ASM86 TUNE
Assuming no syntactical errors, enter

GENCMD TUNE

and finally load the executable machine code file into memory
with

DDT86 TUNE

CP/M-86 sets segment registers for you, so when writing the
examples, you should not specify segment values. However, do
not forget the ORG 100H directive immediately after DSEG, as
the first 2566 bytes in the data segment are required by the opera-
ting system.

To run one of these programs, enter the G command in
accordance with the description of the DDT86 utility in your NCR
CP/M-86 Handbook. Do not forget to set a breakpoint immedia-
tely before the subroutines.

Your NCR CP/M-86 Handbook contains a sample program for
disk access.

Tune

This is an example of how to drive the loudspeaker in your NCR
DECISION MATE V. The program makes direct use of the BIOS
subroutine for console output (Function 4) and the code for the
Play Music terminal function (see Figure 5.7). The BIOS console
output routine is accessed via the BDOS Function 32H. The BIOS
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function number and the CL register settings are passed via the
data segment. The program uses four such 5-byte parameter blocks:
the first two are for the 1B 4D sequence, the last two for frequen-
cy and length respectively. In each case the first two bytes only
(BIOS function number and the value for the CL register) are
used.

The data bytes for the tune itself are to be stored in the extra
segment (ES). When you have loaded the program with DDT86,
the operating system sets the segment registers. Using the DDT86
command SES:0 you can program your own tune, starting at
ES:0. Simply enter frequency, length, frequency, length, and so
on, in successive bytes. Conclude your tune with an FF byte for
note. Tl:t tells the program that there are no more notes to play.
You can then run the program from CS:0, with a break-point at
21H.

{5t
9

0oco 3308 XUR BX,BX jused as offset to es

0002 268407 MEXT: OV AL,ES:[BX] 5 fetch note from es

0005 3CFF (HP AL.OFFH

0007 7418 0021 JE DVER

0009 A20801 fiV FREQ,AL  jready for calling by
sbdos direct bios
jcall function 32h.

000C 43 INC BX spoint to length for
inote just loaded.

000D 26BA07 HoV AL,ES:[BX] jfetch lenath from es

0010 421001 fov LNGTH,AL  sready for calling by
sbdos direct bios
ycall function 32h

0013 06 FUSH ES

0014 33 FUSH BX

0015 EBDADGC 0022 (ALL PREMGOTE

0018 EB1800 0033 CALL DUTNATE

001B 3B FOF BX

001C 07 FOP ES

001D 43 INC BX

001E E9EIFF 0002 JHF HEXT

0021 90 (VER: §Iop
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G022 30140001

0026 B132

0028 CDED
0024 8Di6030¢
002k B132
0030 CDED
0032 €3

0033 80160401
0037 B132
0039 CDEO
0038 2D160FO1
003F B132

isubroutines

8

PRENOTE:

OUTHOTE:

LEA DX,FREKOTER

A0y {1,328

INT 224

LEs DX, FREWGTED
AoV CLy32H

INT 224

RET

LE& DX, OUTHOTEL
foy CLy32H

INT 224

LEA DX, QUTHOTE2
Aoy Li.324

0041 CDED INT 224
0043 €3 RET
j
DSEG
(RG 100K

(100 0418000000

0105 0440000000

PRENOTE?

PREWOTEZ

0B 4y18H,0,0,0

DB 4,4DH,0.40,0

;address of parapeters
;for boos

idirect bios call.
sbdos direct bios
icall function

ithe ib 44 sequence has
:now beep transaitted

stirst the note

ithen the lenath

ibdos function 32h
sparmsafa-cl-ch-dl-dh
ito activate pusic
vterainal function.

0104 04 QUTHOTED DB 4

0108 00000000 FREQ ng 0,0,0,0 inote for cly
;others unused

010F 04 OUTHOTE2 DB 4

0110 00000000 LNGTH 0B 0,0,0,0 i frequency for ci.
sothers unused

;
ESEG

DB 30H,40H,40H,40H, 30H, 40H, 40H, 40H, OFFH, 0FFH
surite your tune in this data arveas
ynote-tength-note-length 3nd so on,
sfinishing with OFFH for note

END

0000 304040403040
4040FFFF
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Keyboard

This example reads each character as it is typed in from the key-
board and displays that character on the screen. Before the first
character is accepted, the screen is cleared and the cursor set top
left. If a numeric sign (0 . . . 9) is entered, video blinking is acti-
vated temporarily. The program terminates when a dollar sign ($)
is entered, and normal video is restored if necessary.

The keyboard echo to the screen is overwritten by use of the
backspace terminal function. This is necessary as a character can
appear on the screen only when it has been ascertained whether
blinking or normal video is required.

ooal {OMIM EQU 1 sbdos kevboard input
I COROUT  EQU 2 thdos crt output
0024 DOLLAR  EBU ‘$*
8031 ZERD TN
0063% HIHE EQu 'y’
GOiB YIDEDYL  EGU 1BH itwo bvte sequence for
0047 VIDEG2  EQU 47H jvideo aitribufes.
G032 BLEKDN  EOU 32h isets blinking.
0036 BLWKOFF  EQU 304 ;resets blinking.
00iB (LSCRHY  EOU iBH itwo byte sequence for
0034 (LSCRH2  EQU 3AH sclear screen and
jcursor top left
0008 PACKSP  EQU &
0020 BLAMK EGU 20H
00312 BIOSCALL EAU 32H shdos direct bios tall
' £SEG
0009 £83800 003E {ALL CLSCRM
0003 EE7000 0076 MEXTCH:  CALL VIDEORST jensure/reset to
snorazl video
0006 E82400 002D {4l READIN
0009 3C24 CRP AL, DOLLAR
000E 7418 0025 JE DOHE sterpinate if dollar
jentered at keyhoard
000D 3C30 ChiF &L,ZERC
QooF 7208 001¢ JC HRITE sjusp 1if ASCII code {30h
0011 3C39 CHP AL, Y4IHE
0013 7402 0017 JE INVT sjuap if ASCII code =3%
0015 7305 001C JHC  MRITE siump 1f ASCII code )3%h
0017 54 INYT: PUSH AX
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0016 E&4D00
G018 38
a0if 8AD0
001E B102
0020 CDED

22 E9DEFF
0025 90

(024
0028

B132
0160001

002¢ €3

0020 B101

002F CDED

0031 50

0032 EBFIFF
0035 C606G10168

0034 £DED
003C 58
003D €3
003E EBESFF

0041 C60a01011R
0046 COEO

0048 ESDBFF
004B C606010134
0050 CDED

0032 €3

0053 EGDOFF

0056 (606010118
0058 CDEQ

0050 EGCEFF
0060 C406010147
006% COED
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0068

WRITE:

0003
DOME:

tsubr

i
ORCTBINGS:

i
READIN:

0026

i
0026 CLSCRM:

0026

0026 FREVIDEO:

0026

CALL VIDERSET
FOF  AX

AoV DL.AL

fnov - CL, CONOUT
INT 224

ichange video node

iurite character,
iblink if digit
JAF MEXTCH

HoP

outines

oV CL.BIDSCALL sbdos direct bios cail.

LEA DX,RIOSOUT jaddress of 3 hyte
tparameter zrea

RET

AUV CL,CONIN  sreads character

IHT 24 sfros keyboard

PUSH AX

CALL DRCTBIOS

oV OUTCRT.BACKSP jznd places cursor
sunder 1t so that it
INT 224 swill be overwriiten
iby the same character
FOF AKX ;after video mode
has been ascertained
RET

CALL DRCTBIOS jclear screen and
- jcursor top left
N0V OUTCRT,CLSCRM1

INT 224

CALL DRCTBIOS

MUV GUTCRT.CLSCRN2

T 24

RET

CALL DRCTBIOS ;1b 47 sequence
sto set video
MOV QUTCRT,VIDEDL

INT 224

CALL DRCTBIOS

HOV  QUTCRT,VIDED2

INT 224
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0047 (3 RET
¥
2065 EQEEFF 0053 YIDEDSET: CALL PREVIDED
006R ESBBFF 0026 (ALL DRCTEIODS
006E 406010132 HOV  OUTCRT,BLNKON jset to blinking
0073 COEO INT 224
0073 €3 RET
(076 EBDAFF 0053 VIDEORST: CALL PREVIDED
0079 ESAAFF 0026 CALL DRCTRIOS
007C £a04010130 HOV  OUTCRT.BLHKOFF  iset to norsal
0081 CDED INT 224
083 £3 RET
i
D3EG
DRG  100H

jparameters in 2 bytes
sfor bdos function number,
iconsisting of:
(100 04 BIOSOUT DB 4 ;bios function nunber
ifor censole output,
¢t 0,0,0,0 jregisters cl-ch-dl-dh.
iinly ch used here

0101 00000000 OUTCRT @

Duplicate

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

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

The program reserves 1000 bytes of uninitialized storage for
your input. You can extend this storage reservation, depending on
what other applications are presently in memory. Note that the
last line of data and the form feed are realized at the printer only
upon clearing the printer buffer.
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0001
goo2
0005
0008
0oo¢
0018
0034
000D
(004
0020
0024
0052

0000 E&2300
0003 BROOO1
0006 53
0007 E85600
fo0a B
0008 6807
0000 43

0DOE 308
0010 7504
0012 48
0013 4B

0014 53
0015 E84100
no1g e
0019 EYEAFF
001C 3C0D
G01E 7508
0020 53
0021 E%4100
0024 5B
0025 E9DEFF
0028 324
0024 7504

002C RROOO1
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CONTM
CONOUT
QUTLIST
BACKSP
FORMFEED
CLSCRK1
(LSCRN2
(R

LF
BLANK
DOLLAR
R

601C

0079
0006

HOBACK:
0023
0045
0006

NOLF=
0006

PRINT:

e0Y
EQY
EQU
EQU 8

EQU OCH
QL 1EH
EQU 34H
EGU ODH
EQU 0AH
EBU 20H
EaU ¥
ERy 'R

[, By 2% BN

(5EG

CALL CLSCRH
flov ¥, 1004
PUSH BX
{4LL READIM
FOP BX

nav [BX1,4L
INC BX

CNP AL, BACKSF
JNE HIBACK
DEC BX

DEC BX

FUSH BX
CALL ERASE
PO BX

JAP HEXT
CHF AL, CE
JNE HOLF
PUSH RX
CALL CRTLF

POP BX

JHP HEXT

CNP AL,DOLLAR
JHE MEXT

Aoy BX, 100H

;bdos keyboard input.
ibdos crt outeut,

sbdos output list device.
icursor left.

iprinter fora feed.
jclear screen

send cursor tor left

jpoint to offset in ds

skevboard input in menory.
tpoint to next
;nenory location

yif keyboard input wmas
;backspace, then remove 1t
sfrom menory

icheck for carrizge return

i1f carriage return,
ithen add Line feed

+1f not dollar then juap
jto read kevboard again.
;reset pointer to
iheginning of text.
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002F BA17

0031 &0FaZ4
D04 7416
0036 B105
038 33
0039 32
(0034 CDED

003C S8
003c 58
003E 20FAOD
0041 750%
0043 33
0044 EB2R00
0047 58
0048 43
0047 EQE3FF
004C £81D00

D04F B30
0051 8105
0053 CDED
0055 E81+00
0058 EE0G0C
005B 3C32
002D 74CC
03F 90

0060 2101
0062 CDEO
0064 C3

0065 8102
0067 B20A

0689 COED
00&R €3

NEXTF:

004£

0048
0072
NOMLIN:

002F
006¢ DOME:

006C
0060

002€

= w

=

EADIN:

i

(RTLF:

-

subr

CP/M-86 SOFTWARE FOR INPUT/OUTPUT

OV DL,LBX]

ChF DL, DOLLAR
JE DOHE

AoV CL.OUTLIST

FUSH BX
PUSH X
INT 224

FOF DX

FOF 8X

CHP DL.CR
JHE HOKLIN
FUSH BX
UALL FRTLF
POP BX

INC BX

JAP NEXTF
{ALL PRTCR

A0V DL, FORMFEED
fi0y CL,OUTLIST

INT 224
CALL PRTCR
CALL READIM
CHP AL.R

JE FRINT
HOF

putines
ROV CL,COHIN
INT 224

RET

ROV CLCOROUT
0V DLoLF

INT 224
RET

jfetch cheracter
ifrom memory

i$ conciudes printing

ssend character
sto printer huffer

sadd Lina feef 1o cr
spoint to next characier
iprint renaining contents

iof printer buffer

sforn feed in buffer
:and clear buffer

sre-print 1f & pressed

iread kevboard

;add Line feed to
jcarriage return on cri
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00&C B10%
D06k B20C
070 COED
0072 R10%

0074 B20a
0076 COED
0078 (3

0079 B102
0078 B220
0070 CDED
007F B102
NG31 8208
0083 CDEO
0035 €3

0084 B10Z
008g 8218
p0%A €DED
ogc Bi02
003E B23A
0090 CDEG
4092 3

0100 546869732069
73206F 766372
777269747463
6E2062792074
686520746378
7820796F7520
656E746572

0129

0511 4E6F206D6F72
653202070665
617365

540

PRTCR: oY CLLOUTLIST
oY DL CR
INT 224

PRTLF:  AOY L, OUTLIST

niy DL.LF
IRT 224
RET

ERASE: MOV L, CONOUT
Aoy DL, BLANK
INT 224
oy CL, CONOUT
MV DL,BACKSP
INT 224
RET

CLSCRM:  nov €L, CONGUT
Hov DL, CLSCRY1
IKT 224
A0V L, CONDUT
MoV DL.CLSCRKZ
IHT 224
RET

DSEG
(RG 100H

jcoppite subiroytine
srlesrs printer hufier

senfer hers to add
iiine feed te cr

1erase character on cri

ictear screen and
scursor tor lafi

DE 'This is cverwritien by the text vou enter’

RS 1000

DB 'No more, plesse’
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Color

This example is for the NCR DECISION MATE V with color CRT.
It accepts input from the keyboard and echoes the data to the
screen using the foreground and background colors of your choice.
You can change the foreground (writing) color by entering the @
sign followed by the number of the color (0 . . . 7, see Figure 5).
To set the background color, enter $ instead of @. Enter $$ to
terminate.

The program sets color by manipulating the attribute byte at
the address 44DC relative to memory paragraph 40H. The para-
graph value is contained in the ES register, and the attribute byte
is addressed using a segment override prefix. The paragraph value
in ES has to be set each time before accessing the attribute byte,
as ES, unlike the other segment registers, is not restored following
a BDOS call.

440 ATTRIB  EQU 44DCH sert attribute byte
0001 CUNIN EdU 1 ibdos - keyboard input.
pogz2 CoMOUT  EBY 2 sbdos - crt output.
0032 BINSCALL ERU 32H sbdos - direct bios calt
poop (R EQU 0DH
0C04 LF EGL DAH
0024 DOLLAR  EGU '$'
{040 ATSIGN  EQU '8’
0030 ZERD Eay '0°
0637 SEVEN EGU 17’
0018 (LSCRN1  EQU 1BH iclear screen
D034 CLSCRN2  EQU 3AH tand cursor hoae
0008 CURBACK  EAU E
0620 BLANK EQU 20H
DOFF HOCHANGE EQU OFFH sno request for
ifor color change.
0000 (OLCHANG EQU O scolor change request.
pdot TERRIN  EQU 1 vend of keyboard input
y
(SEG
7
0000 E87700 0074 CALL CLRSCRN
0003 33D XOR BX.BX
0005 B4FB NEXT: Hoy BH.EL jlast key pressed to bh
0007 53 PUSH BX
0008 E86300 004E CALL READIN
000R SB POP BX
000C 2AD8 HOY BL.AL ynewly pressed key in bl

541



000 EOFBOD
011 7508
0013 53
(014 E23COD
0017 S8
0618 ESEAFF
0018 E&900G
0DiE 3001
0020 7444
6022 3000
(024 750F
024 33
7077 E8'5

D026 JB

002E 20EB3D
0031 80FF24
034 750

0036 r6b3

0041 E90C0D
0044 DOE3
0046 DOE3

0048 SDE3IF

0048 80240501E3

0050 D81EQGO1

0054 BAIEDSO01
00%8 BEDC44

542

0G0%
00AE MOLF:

0046
0003

008F
002

0044

0050

FOREGR:

COLSET:

am

CAP BL.CR

JNE HGLF
FUSH BX

CALL CRTLF
POF BX

JRP BEXT

CALL GCOLDR
CHF AL.TERRIM
JE DME

CrP AL, COLERARG

JHE HEXT

FUSH BX

{ALL ERASE
CALL ERASE
POF BX

SUB Bi,30H
CHP BH,DOLLAR
JHE FORESR

HOT BL

A0V Ly
SHL BL.CL

yjuap if not cr

sadd (f to cr on crt

jerase color change
en

as
sequence on crt
irolor 0-7 in bl

siump 1f foregqround
icoler change.

ise that 3 number 0-7
iproduces the szae
scoloryirrespective of
yuhether foreground
sor backeround.
scount for shift.
ynew background color
3in bits Ss6y7s
iethers reset,

AHD COLBYTE, IFH jreset bits Sy6, and

Jik COLSET
SHL BL.1
SHL BL,1

AHD BL;1FH

7 750thers unaffected

sney foreground color
1in bits 2:3,4¢

sbits 0 and 1 reset.
5also reset bits Sy6447.

AND COLBYTE,DE3H jreset bits 2,3.4.

OR COLBYTE,BL

nov 8L, COLBYTE
noy SI,ATTRIE

sney forearound or
thackground color
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0058 B34000
DOSE BECO

0040 26881C
0063 E99FFF
4066 90

0067 8132
0069 80160001
004D €3

D06E B101
0070 CDEO
0072 €3

0073 102
0075 B20A
0077 CDED
0079 £3

0074 ESEAFF
0070 CaDa010112
0082 CoED

0084 EBEOFF
0037 406010138
008C CDED

008E €3

008F E8DSFF
0092 (606010108
0097 CDEC

0099 EGCBFF
009¢C C606010120
00A1 CDED

00A3 EBCIFF
0046 C606010108
00AB CDED

00AD €3

000%

0047

0067

0047

0047

0067

BOKE:
;
tsubr

;
DRCTEING:
:

READIN:

;
CRTLF:

CLRSCRN:

ERASE:

CP/M-86 SOFTWARE FOR INPUT/OUTPUT

HOV 4%, 40H
HoV ES,AX jsegnent value for

joffset of ATTRIB

AoV £5:0511.BL 7set ATTRIB byte in bios
JHF HEXT
HOF

gutines

m

1V CLyBINSCALL sbdos function number
LEA DX,EIOSOUT sbios parameters’ addr
RET

fiGy CL.CONIN
INT 224
RET

iread keyboard

fov CL, CONOUT
OV DL,LF

INT 224

RET

joutput to crt

(ALL DRCTRIOS

A0V OUTCRT,CLSCRN1
INT 224

(ALL DRCTBIOS

HOV OUTCRT, CLSCRN2
INT 224

RET

iclear crt and
jeursor top left

CALL DRCTBINS

ROV GUTCRT, CURBACK
INT 224

CALL DRCTBIOS

HOV OUTCRT,BLANK
INT 224

CALL DRCTBINS

A0V OUTCRT, CURBACK
INT 224

RET

ierase last character
sposition on crt
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DGAE BOFF QCOLOR: MOV AL«NUCHANGE jchecks for proarse
00B0 BOFF40 ChF BH,ATSIGN  yierninate and ceclor
0083 740F 00C4 JE CHANGE jchange request. If
00BS BOFF4 CHP BH(DOLLAE  3bx contains #% ther
00Bg 7518 4000 JHE EXD@ jterminzte. 8 or % 1in
00BA BOFB4 (HF BL,DOLLAR  ;bh indicates color
008D 750% 00C4 JHE CHANGE ichange, provided bl
DDRF BOO1 Aoy GL.TERMIN  scontainms ASCII nuaber
00C1 E90COO0 aopo JHP ERDE ;10 range -7
004 BOFB30 CHAMGE:  CfiP BLZERG
00¢7 7207 0600 JB ENDG
00C9 BOFE37 iR BL,SEVEK
f0cc 7702 0000 J& ENDO
00CE BOOD flay AL, COLCHAMG
0000 3 ENDG: RET
7
i
DSEG
kG 100H
0100 04 BINSOUT OB 4 thios funciion numbar
sfor console cutpui.
0101 00000000 GUTCRT DB G,0.0,0 sregisters for hios
ifnctn - ci ch di dhs
vonly ¢l required.
0105 E (ULBYTE DB DEEH sintermediate siorage of

iforeground and
sbackarourd color,
tinitialized to green
sforearound with biack
tbackground

INTERFACING PRINTERS

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

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

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

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

2. Transmission is enabled, so
data is transmitted bit by
bit via the TxD line.

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

4. The computer waits with
further data . . . . . . while the printer empties its
buffer.

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

6. Data transmission is once
again enabled.

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

For full details of the serial and parallel interface integrated
circuits 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 5.11 summarizes the actual port ad-
dresses used by these interfaces.
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2651 REGISTER ADDRESSING

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

- - 1 X X X Tri-state data bus

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

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

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

63 73 0] 1 1 0 Read command register

67 77 0o1l1 1 1 Write command register

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

Figure 5.11
CAUTION

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

PORTS

The following is a summary of the available I/O ports used by the
CP/M-86 software. For each port, the hexadecimal port number is
given, as well as information regarding its use.

CAUTION

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

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

OUT 11
Bit O set switches the firmware ROM into the address area
0-1FFFH.

IN 13
Interrupt signal from the disk controller sets bit 3. Bit O is
used to check whether the motor is switched on (set = not on).

OUT 14
Bit O is used to turn the motor on.

OUT 26
The DMA address is transmitted via this port, first the low
byte followed by the high byte without any intervening com-
mand output.

OUT 27
The DMA length is transmitted via this port, first the low
byte followed by the high byte without any intervening com-
mand output.

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

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

IN 40
Reads a character from the keyboard.

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

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

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

, and
and

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

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

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

OUT 60
Output port for parallel data transmission.

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

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

OUT 63
Used to initialize the parallel interface.

OUT 64
Output port for serial data transmission.

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

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

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

IN Al
Read GDC-RAM contents.

OUT A1l
Output of command information to the GDC.
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IN CO
Block input of data from the Winchester disk controller (512
bytes at a time).

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

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

OUT C2
Used in formatting the Winchester disk.

OUT C3
Used to set a sector number of the Winchester disk. Output
OA AH used for drive ready check.

OUT C4
Used to set a cylinder number. Output 55H used for drive
ready check.

OUT C5
The higher order part of the cylinder number.

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

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

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

OuUT DO
Bit O set switches to the Z-80® processor. If the Z-80 proces-
sor is presently activated, the 16-bit processor becomes active
in its place.
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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 5.13 shows the errors indicated by
various LED-on combinations. The LED numbers refer to the
numbers printed on the LED panel.

LED ouT SIGNIFICANCE
ON PORT 00
None FF Check complete
148 7E Sumcheck error
248 BE GDC error
3+8 DE Disk drive error
4+8 EE 16-bit processor error
548 F6 Keyboard error
6+8 FA DMA error
7+8 FC Memory error
All 00 Processor error
Figure 5.13
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 256K words of 16 bits each. Facilities provided by
the GDC include light pen input, figure drawing of lines, arcs, rec-
tangles, and graphic characters, area filling, and zoom magnifi-
cation. Communication between GDC and CPU is via the GDC’s
first-in-first-out buffer. Commands to determine a particular mode
of operation are received by the GDC at port Al (i.e. via the pro-
cessor OUT AL,0A1H instruction). Data and other parameters
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following a particular command are received at port AQ. Status
information can be read at port AO (IN AL,0AOH instruction),
and data from the GDC can be read via port Al.

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

THE GRAPHICS DISPLAY CONTROLLER

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

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

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

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

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

Byte O s tart (L)
1 | [} L 1 1 1
Byte 1 s tart M
1 1 ! 1 Il 1 1
Byte 2 len (L) 0 0 |start(H)
Byte 3 WD | IM len (H)
! i [ 1 1

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

Bytes 4-7: identical structure, this time for definition of dis-
play partition area 2.
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Bytes 8-15: this area can be used for storing a bit-mapped
graphic character in an 8 x 8 pixel format. Upon execution of the
appropriate drawing instruction, this area of the parameter RAM is
scanned from the least significant bit of byte 15 towards its most
significant bit. Scanning then continues from the most significant
bit of byte 14 towards its least significant bit, and so on. If the
area to be filled by the parameter RAM is greater than the 8-pixel
square, a further subset of the RAM is transmitted to the CRT. If
the screen area to be filled is smaller than the 8-pixel square, only
a subset of the parameter RAM will appear. Later in this section,
you can read how to determine the area on the CRT to be filled,
and how to create a slanting (italics) effect.

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

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

GDC Status Information

Information regarding the busy or otherwise status of the GDC
can be read in at port 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 before
transmitting a command or parameters to the GDC.

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

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

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

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

Bit 6: set while horizontal retracing is in progress. The GDC
is set during initialization not to draw during active display time,
in order to eliminate display disturbances.
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Bit 7: set indicates that the light pen address register contains
a deglitched value for the processor.

Commands and their Parameters

The graphics display controller accepts via its FIFO buffer certain
commands and parameters which affect the display on the CRT.
The following presents a summary of these commands, with special
emphasis on those which are of importance to the setting up of
user graphics. The first byte issued to the GDC in each case is the
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 AQ. The GDC regards the parameters for the old
command as concluded, as soon as a new command is issued. This
is true even if the parameter list for the old command is incom-
plete.

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

Command byte: 0.

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

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

The output parameters are the same as those for the reset com-
mand. However, Sync does not reset the GDC or activate idle
mode.
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Vertical Sync — Command byte: 6EH (slave) or 6FH (master).

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

Cursor and Character — Command byte: 4BH.

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

Byte 1 CD 0.0 lLllnesls |
Byte 2 BL (L)| CB IT op .
Byte 3 Bott]om BL (H)

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

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

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

Zoom — Command byte: 46H.

The single parameter byte which follows this command indicates
in its four most significant bits a zoom factor for the entire
display, or in its least significant bits, a zoom factor for the
graphics character which is about to be transmitted to the GDC. In
each case the value O indicates no magnification. Magnification, if
set, takes place in both x and y directions. A zoom factor specified
for a graphic character determines the actual bit-mapping in
graphic display memory, so that the enlarged image remains
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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.

Position Cursor — Command byte: 49H.

Byte 1 Word Address (L)
Byte 2 Word Address (M)
Byte 3 Dot 0 .0 WA (H)

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

Load Parameter RAM — This command loads the parameter
RAM from a position in that RAM (0 to 15) with the ensuing
parameter bytes.

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

Example: The command byte 78H tells the GDC that the param-
eters at port A0 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
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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
this, the cursor position is advanced in the last specified direction
(see Figure) to the next word address. It is possible to specify a
word or byte write. In the latter case, only one, not two, param-
eters are accepted. In the case of bit-map graphics, only parameter
byte 1 is significant, and only then when all bits are set or all bits
are reset. In a coded character situation, the bits of the parameter
byte(s) set the drawing pattern.

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

Command 0o 0 1 Type 0 Logic

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

Byte 1 W ord(L) or Byte

Byte 2 Word (H

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

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

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

This command sets a 16-bit mask for subsequent figure drawing
(the same mask is set by parameter byte 3 of the Position Cursor
command). Mask is usually used for clearing or filling large areas
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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.

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 direct<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>