

































































































































































































































































































































































































































































































































































































































































































































































































































































































































































DS + 0000:
DS -+ 0003:
DS + 0006:
DS + 0009:
DS + ooocC:
DS + 06OF:
DS + 0012:
DS + 0015:
DS + 0018:
DS + 001B:
DS + 001E:
DS + 0021:
DS + 0024:
DS + 0027:
DS + 002A:
DS + 002D:
DS -+ 0030:
DS -1:'0.058:
DS + 005C:
DS + 0080:

DS + 0100:

LCO LC1 LC2
BCO BC1 iviso
LDO LD1 LD2
BDO BD1 XXX
LEO LE1 LE2
BED BE1 XXX
LSO LS1 LS2
BSO BS1 XXX
LX0 LX1 LX2
BX0 BX1 XXX
LX0 Lx1 LX2
BX0O BX1 XXX
LX0 L1 LX2
BX0 BX1 XXX
LX0 L1 LX2
BX0 BX1 XXX
Not
Currently
Used
Default FCB
Default Buffer

Begin User Data

CP/M-86 Base Page Values



Each byte is indexed by 0, 1, and 2, corresponding to the
standard Intel storage convention of low, middle, and
high-order (most significant) byte. “xxx” in the figure above
marks unused bytes. LC is the last code group location
(24-bits, where the 4 high-order bits equal zero).

BC is the base paragraph address of the code group (16-bits).
LD and BD provide the last position and paragraph base of the
data group. The last position is one byte less than the group
length. The M80 byte is equal to 1 when the 8080 Memory
Model is in use. LE and BE provide the length and paragraph
base of the optional extra group, while LS and BS give the
optional stack group length and base. The bytes marked LX
and BX correspond to a set of four optional independent
groups which may be required for programs which execute
using the Compact Memory Model. The initial values for these
descriptors are derived from the header record in the memory
image file, described in Appendix C.

Transient Program Load and Exit

The CCP parses up to two filenames following the command
and places the properly formatted FCB'’s at locations 005SCH
and 006CH in the base page relative to the DS register.
Therefore, the default DMA base is initialized to the value of
DS, and the default DMA offset is initialized to 0080H.
CP/M-86 assumes the default DMA buffer occupies the second
half of the base page.

The CCP transfers control to the transient program through an
8086 “Far Call.” The transient program may choose to use the
96-byte CCP stack and return directly to the CCP upon
program termination by executing a ‘“Far Return.”
Optionally, the user may set his’her own stack using the
example of stack segment initialization shown in the previous
section on the CP/M-86 Compact Memory Model. The
program will also terminate when BDOS function zero is
executed. The operator may terminate program execution by
typing a single Ctrl-C during line edited input. This has the
same effect as executing BDOS function zero.



APPENDIX C. COMMAND (CMD) FILE
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Contents
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Command (CMD) File Generation

As mentioned previously, a utility program is provided with
CP/M-86, called GENCMD, which is used to produce CMD
memory image files suitable for execution under CP/M-86.
GENCMD accepts Intel 8086 “hex” format files as input.
GENCMD is used to process output from the Digital Research
ASM-86 assembler or Intel’'s OH86 utility.

Intel 8086 Hex File Format

GENCMD input is in Intel “hex” format produced by both
the Digital Research ASM-86 assembler and the standard Intel
OHS6 utility program (see Intel document #9800639-03
entitled “CS-86 Software Development Utilities Operating
Instructions for ISIS-1I Users”’). The CMD file produced by
GENCMD contains a header record which defines the memory
model and memory size requirements for loading and
executing the CMD file.

An Intel “hex” file consists of the traditional sequence of
ASCII records in the following format:

llaaaattddd...dcc
where the beginning of the record is marked by an ASCII
colon, and each subsequent digit position contains an ASCII

hexadecimal digit in the range 0—9 or A—F. The fields are
defined below.

‘Intel Hex Field Definitions

Field Contents

1 Record Length 00—FF (0-255 in decimal)
aaaa Load Address

tt Record Type:

Record Types Generated When $FI
Switch Is Used Wich ASM86:
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Intel Hex Field Definitions (continued)
Field Contents

00 data record, loaded starting at offset aaaa
from current base paragraph

01 end of file

02 extended address, aaaa is paragraph base for
subsequent data records

03 start address is aaaa (ignored, IP set
according to memory model in use)

Record Types Generated When $FD
Switch (Default) Is Used With ASM-86:

01 endoffile

81H data belongs to code segment

82H data belongs to data segment

83H data belongs to stack segment

84H data belongs to extra segment

85H paragraph address for absolute code
segment

8GH paragraph address for absolute data
segment

87H paragraph address for absolute stack
segment

88H paragraph address for absolute extra
segment

dd...d Data Byte

cc Check Sum (00—Sum of Previous Digits)

All characters preceding the colon for each record are ignored.
(Additional hex file format information is included in Chapter
11, and in Intel’s document #980082 1A entitled MCS-86
Absolute Object File Formats.)



Operation of GENCMD

The GENCMD utility is invoked at the command level by
typing

GENCMD filename parameter-list

where the filename corresponds to the hex input file with an
assumed (and unspecified) file type of H86. GENCMD accepts
optional parameters to specifically identify the 8080 Memory
Model and to describe memory requirements of each segment
group. The GENCMD parameters are listed following the
filename, as shown in the command line above where the
parameter-list consists of a sequence of keywords and values
separated by commas or blanks. The keywords are:

8080 CODE DATA EXTRA STACK

The 8080 keyword forces a single code group so that the
BDOS load function sets up the 8080 Memory Model for
execution, thus allowing intermixed code and data within a
single segment. The form of this command is

GENCMD filename 8080

The remaining keywords follow the filename or the 8080
option and define specific memory requirements for each
segment group, corresponding one-to-one with the segment
groups defined in the previous section. In each case, the values
corresponding to each group are-enclosed in square brackets
and separated by commas. Each value is a hexadecimal number
representing a paragraph address or segment length in
paragraph units denoted by hhhh, prefixed by a single letter
which defines the meaning of each value:

Ahhhh  Load the group at absolute location hhhh

Bhhhh  The group starts at hhhh in the hex file

Mhhhh  The group requites a minimum of hhhh * 16 bytes

Xhhhh  The group can address a maximum of hhhh * 16
bytes

Generally, the CMD file header values are derived directly

from the hex file and the parameters shown above need not be

included. The following situations, however, require the use

of GENCMD parameters.
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8080 Keyword—The 8080 keyword is included whenever
ASM-86 is used in the conversion of 8080 programs to the
8086/8088 environment when code and data are
intermixed within a single segment, regardless of the use of
CSEG and DSEG directives in the source program.

Absolute Address—An absolute address (A value) must be
given for any group which must be located at an absolute
location. Normally, this value is not specified since
CP/M-86 cannot generally ensure that the required
memory region is available, in which case the CMD file
cannot be loaded.

Beginning Address of Groups—The B value is used when

* GENCMD processes a hex file produced by Intel’s OH86,

or similar utility program that contains more than one
group. The output from OHS86 consists of a sequence of
data records with no information to identify code, data,
extra, stack, or auxiliary groups. In this case, the B value
marks the beginning address of the group named by the
keyword, causing GENCMD to load data following this
address to the named group (see the examples below).
Thus, the B value is normally used to mark the boundary
between code and data segments when no segment
information is included in the hex file. Files produced by
ASM-86 do not require the use of the B value since
segment information is included in the hex file.

Minimum Memory Value—The M value (minimum
memory value) is included only when the hex records do
not define the minimum memory requirements for the
named group. Generally, the code group size is determined
precisely by the data records loaded into the area. That is,
the total space required for the group is defined by the
range between the lowest and highest data byte addresses.
The data group, however, may contain uninitialized
storage at the end of the group and thus no data records are
present in the hex file which define the highest referenced
data item. The highest address in the data group can be
defined within the source program by including a “DB 0"
as the last data item. Alternatively, the M value can be
included to allocate the additional space at the end of the
group. Similarly, the stack, extra, and auxiliary group sizes
must be defined using the M value unless the highest
addresses within the groups are implicitly defined by data
records in the hex file.



¢ Maximum Memory Size—~The maximum memory size,
given by the X value, is generally used when additional free
memory may be needed for such purposes as I/O buffers or
symbol tables. If the data area size is fixed, then the X
parameter need not be included. In this case, the X value is
assumed to be the same as the M value. The value XFFFF
allocates the largest memory region available but, if used,
the transient program must be aware that a three-byte
length field is produced in the base page for this group
where the high-order byte may be non-zero. Programs
converted directly from CP/M-80 or programs that use a
2-byte pointer to address buffers should restrict this value
to XFFF or less, producing a maximum allocation length of
OFFFOH bytes.

The following GENCMD command line transforms the file
X.H86 into the file X.CMD with the proper header record:

In this case, the code group is forced to paragraph address
40H, or equivalently, byte address 400H. The data group
requires a minimum of 300H bytes, but can use up to OFFFOH
bytes, if available.

Assuming a file Y. H86 exists on drive B containing Intel hex
records with no interspersed segment information, the
command

gencmd h:y data[b30,m20] extra[ b50] stacl{m40]

produces the file Y.CMD on drive B by selecting records
beginning at address 0000H for the code segment, with
records starting at 300H allocated to the data segment. The
extra segment is filled from records beginning at SO0H, while
the stack segment is an uninitialized area requiring a
minimum of 400H bytes. In this example, the data area
requires a minimum of 200H bytes. Note again, that the B
value need not be included if the Digital Research ASM-86
assembler is used.



Command (CMD) File Format

The CMD file produced by GENCMD consists of the 128-byte
header record followed immediately by the memory image.
Under normal circumstances, the format of the header record
is of no consequence to a programmer. For completeness,
however, the various fields of this record are shown below.

<— 128 Bytes ———>
GD#1 GD#2 GD#3 GD#4
Code,
Data,
Extra,
Stack
CMD File Header Format

In the figure above, GD#1 through GD#4 represent “‘Group
Descriptors.” Each Group Descriptor corresponds to an

independently loaded program unit and has the following
fields:

8-bit 16-bit 16-bit 16-bit 16-bit
G-Form G-Length A-Base G-Min  G-Max

where G-Form describes the group format, or has the value
zero if no more descriptors follow. If G-Form is non-zero, then
the 8-bit value is parsed as two fields:

G-Form:
4-bit 4-bit
XX XX G-Type



The G-Type field determines the Group Descriptor type. The
valid Group Descriptors have a G-Type in the range 1 through
4, as shown in the table below.

Group Descriptors

G-Type Group Type
1 Code Group
2 Data Group
3 Extra Group
4 Stack Group
5-14 Unused,but Reserved

All remaining values in the Group Descriptor are given in
increments of 16-byte paragraph units with an assumed
low-order O nibble to complete the 20-bit address. G-Length
gives the number of paragraphs in the group. Given a
G-Length of 0080H, for example, the size of the group is
00800H = 2048D bytes. A-Base defines the base paragraph
address for a non-relocatable group while G-Min and G-Max
define the minimum and maximum size of the memory area to
allocate to the group.

The memory model described by a header record is implicitly
determined by the Group Descriptors. The 8080 Memory
Model is assumed when only a code group is present, since no
independent data group is named. The Small Model is implied
when both a code and data group are present, but no
additional Group Descriptors occur. Otherwise, the Compact
Model is assumed when the CMD file is loaded.
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Basic Disk Operating System (BDOS)
Functions

This section presents the interface conventions which allow
transient program access to CP/M-86 BDOS and BIOS
functions. The BDOS calls correspond closely to CP/M-80
Version 2 in order to simplify translation of existing CP/M-80
programs for operation under CP/M-86. BDOS entry and exit
conditions are described first, followed by a presentation of the
individual BDOS function calls.

BDOS Parameters and Function Codes

Entry to the BDOS is accomplished through the 8086 software
interrupt #224, which is reserved by Intel Corporation for use
by CP/M-86. The function code is passed in register CL with
byte parameters in DL and word parameters in DX. Single
byte values are returned in AL, word values in both AX and
BX, and double word values in ES and BX. All segment
registers, except ES, are saved upon entry and restored upon
exit from the BDOS (corresponding to PL/M-86 conventions).
The table below summarizes input and output parameter
passing.

BDOS Parameter Summary

BDOS Entry Registers BDOS Return Registers

CL Function Code Byte value returned in AL

DL Byte Parameter Word value returned in both AX
DX Word Parameter and BX

DS Data Segment Double-word value returned with

offset in BX and segment in ES

Note that the CP/M-80 BDOS requires an “‘information
address” as input to various functions. This address usually
provides buffer or File Control Block information used in the
system call. In CP/M-86, however, the information address is
derived from the current DS register combined with the offset
given in the DX register. That is, the DX register in CP/M-86
performs the same function as the DE pair in CP/M-80, with

the assumption that DS is properly set. This poses no
’ 1 D'3



particular problem for programs which use only a single data
segment (as is the case for programs converted from CP/M-80),
but when the data group exceeds a single segment, you must
ensure that the DS register is set to the segment containing the
data area related to the call. It should also be noted that zero
values are returned for function calls which are out-of-range.

A list of CP/M-86 calls is given below with an asterisk
following functions which differ from or are added to the set of
CP/M-80 Version 2 functions.

CP/M-86 BDOS Functions

F# Result

0* System Reset

1
2
3
4
5

Console Input
Console Output
Reader Input
Punch Output
List Output

6* Direct Console I/O

7
8
9

10

11

12

13
14
15
16
17
18
19
20
21
22
23

Get I/O Byte

Set I/O Byte

Print String

Read Console Buffer
Get Console Status
Return Version
Number

Reset Disk System
Select Disk

Open File

Close File

Search for First
Search for Next
Delete File

Read Sequential
Write Sequential
Make File

Rename File

F# Result

24 Return Login Vector

25 Return Current Disk

26 Set DMA Address

27* Get Addr(Alloc)

28 Write Protect Disk

29 Get Addr(R/O Vector)

30 Set File Attributes

31* Get Addr(Disk Parms)

32 Set/Get User Code

33 Read Random

34 Write Random

35 Compute File Size

36 Set Random Record

37* Reset Drive

40 Write Random With Zero Fill
50* Direct BIOS Call

51* Set DMA Segment Base

52* Get DMA Segment Base

53* Get Max Memory Available
54* Get Max Mem at Abs Location
55* Get Memory Region

56* Get Absolute Memory Region
57* Free Memory Region

58* Free All Memory

59* Program Load .

The individual BDOS functions are described below in three
sections which cover the simple functions, file operations, and
extended operations for memory management and program
loading.



Simple BDOS Calls
The first set of BDOS functions cover the range 0 through 12,

and perform simple functions such as system reset and single
character 1/O.

Function 0: System Reset

Entry Return
CL: 00H (none)
DL: Abort

Code

The System Reset Function returns control to the CP/M
operating system at the CCP command level. The abort code
in DL has two possible values: if DL = 00H then the currently
active program is terminated and control is returned to the
CCP; if DL is a 01H, the program remains in memory and the
memory allocation state remains unchanged.

Function 1: Console Input
Entry Return
CL: 01H AL: ASCII Character

The Console Input function reads the next character from the
logical console device (CONSOLE) to register AL. Graphic
characters, along with carriage return, line-feed, and
backspace (Ctrl-H) are echoed to the console. Tab characters
(Ctrl-I) are expanded in columns of eight characters. The
BDOS does not return to the calling program until a character
has been typed, thus suspending execution if a character is not
ready.
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Function 2: Console Output

Entry Return
CL: 02H (none)
DL: ASCII

Character

The ASCII character from DL is sent to the logical console.
Tab characters expand in columns of eight characters. In
addition, a check is made for start/stop scroll (Ctrl-S).
Function 3: AXI: Input

Entry Return

CL: 03H AL: ASCII Character

The AXI: Input function reads the next character from the

logical AXI: device into register AL. Control does not return
until the character has been read.

Function 4: AXO: Output

Entry Return
CL: 04H (none)
DL: ASCII

Character

The AXO: Output function sends the character from register
DL to the logical AXO: device.



Function 5: List Output

Entry Return
CL: 05H (none)
DL: ASCII

Character

The List Output function sends the ASCII character in register
DL to the logical list device (LIST).

Function 6: Direct Console I/O
Entry Return
CL: 06H AL: char or status

DL: OFFH (input/status)  (no value)
or
OFEH (status)
or
char (output)

Direct Console I/O is supported under CP/M-86 for those
specialized applications where unadorned console input and
output is required. Use of this function should, in general, be
avoided since it bypasses all of CP/M-86’s normal control
character functions (e.g., Ctrl-S and Ctrl-P). Programs which
perform direct I/O through the BIOS under previous releases
of CP/M-80, however, should be changed to use direct /O
under the BDOS so that they can be fully supported under
future releases of CP/M.

Upon entry to Function 6, register DL either contains (1) a
hexadecimal FF, denoting a CONSOLE input/status request,
or (2) a hexadecimal FE, denoting a CONSOLE status request,
or (3) an ASCII character to be output to CONSOLE where
CONSOLE is the logical console device. If the input value is
FF, then Function 6 checks to see if a character is ready. Ifa
character is ready, Function 6 with FF returns the character;
otherwise it returns a zero. You cannot use Function 6 with FF
or FE in combination with Function 1 or Function 11.
Function 6 must be used independently.
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The next console input character is returned in AL. If the
input value is FE, then Function 6 returns AL = 00 if no
character is ready and AL = FF otherwise. If the input value
in DL is not FE or FF, then Function 6 assumes that DL
contains a valid ASCII character which is sent to the console.

Function 7: Get I/0O Byte

Entry Return

CL: 07TH AL: I/O Byte Value

The Get 1/0 Byte function returns the current value of
IOBYTE in register AL. The IOBYTE contains the current
assignments for the logical devices CONSOLE, READER.

PUNCH, and LIST, provided the IOBYTE facility is
implemented in the BIOS.

Function 8: Set I/0O Byte

Entry Return
CL: 08H (none)
DL: I/O Byte

Value

The Set I/O Byte function changes the system IOBYTE value
to that given in register DL. This function allows transient
program access to the IOBYTE in order to modify the current
assignments for the logical devices CONSOLE, READER,
PUNCH, and LIST.

Function 9: Print String

Entry Return
CL: 09H (none)
DX: String

Offset



The Print String function sends the character string stored in
memory at the location given by DX to the logical console
device (CONSOLE), until a “$” is encountered in the string.
Tabs are expanded as in Function 2, and checks are made for
start/stop scroll and printer echo.

Function 10: Read Console Buffer

Entry Return
CL: 0AH Console Characters
DX: Buffer in Buffer

Offset

The Read Buffer function reads a line of edited console input
into a buffer addressed by register DX from the logical console
device (CONSOLE). Console input is terminated when either
the input buffer is filled or when a return (Ctrl-M) or a
line-feed (Ctrl-J) character is entered. The input buffer
addressed by DX takes the form:

DX: +0+1+4+2+34+4+5+6+7+8 ... +n
mx nc cl ¢2 ¢3 ¢4 ¢S5 ¢c6 ¢c7 ... 2

where “mx” is the maximum number of characters which the
buffer will hold, and “nc” is the number of characters placed in
the buffer.

The characters entered by the operator follow the “nc” value.
The value “mx” must be set prior to making a Function 10 call
and may range in value from 1 to 255. Setting mx to zero is
equivalent to setting mx to one. The value “nc” is returned to
the user and may range from 0 to mx. If nc < mx, then
uninitialized positions follow the last character, denoted by
“?2?" in the above figure. Note that a terminating return or
line-feed character is not placed in the buffer and not included
in the count “nc”".
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A number of editing control functions are supported during
console input under Function 10. These are summarized in the
table below.

Line Editing Controls

Keystroke Result

Ctrl-C reboots when at the beginning of line
Cerl-E causes physical end of line

Cerl-H backspaces one character position
Crrl-J (line-feed) terminates input line
Cerl-M (return) terminates input line

Ctrl-R retypes the current line after new line
Crerl-U removes current line after new line
Ctrl-X backspaces to beginning of current line

Certain functions which return the carriage to the leftmost
position (e.g., Ctrl-X) do so only to the column position
where the prompt ended. This convention makes operator data
input and line correction more legible.

Function 11: Get Console Status

Entry Return

CL: OBH AL: Console Status

The Console Status function checks to see if a character has
been typed at the logical console device (CONSOLE). If a
character is ready, the value O1H is returned in register AL.
Otherwise a 00H value is returned.

Function 12: Return Version Number

Entry Return

CL: OCH BX: Version Number



Function 12 provides information which allows version
independent programming. A two-byte value is returned,
with BH = 00 designating the CP/M release and BL = 00 for
all releases previous to 2.0. CP/M 2.0 returns a hexadecimal
20 in register BL, with subsequent Version 2 releases in the
hexadecimal range 21, 22, through 2F. To provide version
number compatibility, the initial release of CP/M-86 returns a
2.2.

BDOS File Operations

Functions 12 through 52 are related to disk file operations
under CP/M-86. In many of these operations, DX provides the
DS-relative offset to a file control block (FCB). The File
Control Block (FCB) data area consists of a sequence of 33
bytes for sequential access, or a sequence of 36 bytes in the case
that the file is accessed randomly. The default file control
block normally located at offset 005CH from the DS register
can be used for random access files, since bytes 007DH,
007EH, and 007FH are available for this purpose. Here is the
FCB format, followed by definitions of each of its fields:

dr f1 £2 // 8 t1 t2 t3 ex s1 s2 rc dO // dn cr 10 £l 12
000102...0809 101112131415 16... 31 32 33 34 35

where

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. (Note that
CP/M-86 on the IBM Personal Computer
supports drives 0—4, corresponding to A-D.)

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, with high-bit = 0
t1l’, t2°, and t3’ denote the high-
bit of these positions,
tl’ = 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 0-128

d0...dn filled-in by CP/M, reserved for system use

cr current record to read or write in a sequential
file operation, normally set to zero by user

r0,r1,r2 optional random record number in the range
0-65535, with overflow to r2, r0,r1 constitute
a 16-bit value with low byte r0, and high byte
rl :

For users of earlier versions of CP/M, it should be noted that
both CP/M Version 2 and CP/M-86 perform directory
operations in a reserved area of memory that does not affect
write buffer content, except in the case of Search and Search
Next where the directory record is copied to the current DMA
address.

There are three error situations that the BDOS may encounter
during file processing, initiated as a result of a BDOS File I/O
function call. When one of these conditions is detected, the
BDOS issues a message of the following form:

BDOS ERR ON x: error

where x is the drive name of the drive selected when the error
condition is detected, and “error” is one of the three messages:

BAD SECTOR SELECT R/O

These error situations are trapped by the BDOS, and thus the
executing transient program is temporarily halted when the
error is detected. No indication of the error situation is
returned to the transient program.



The “BAD SECTOR” error is issued as the result of an error
condition returned to the BDOS from the BIOS module. The
BDOS makes BIOS sector read and write commands as part of
the execution of BDOS file-related system calls. If the BIOS
read or write routine detects a hardware error, it returns an
error code to the BDOS resulting in this error message. The
operator may respond to this error in two ways: a Ctrl-C
terminates the executing program.

The “SELECT” ertor is also issued as the result of an error
condition returned to the BDOS from the BIOS module. The
BDOS makes a BIOS disk select call prior to issuing any BIOS
read or write to a particular drive. If the selected drive is not
supported in the BIOS module, it returns an error code to the
BDOS resulting in this error message. CP/M-86 terminates
the currently running program and returns to the command
level of the CCP following any input from the console.

The “R/O” message occurs when the BDOS receives a
command to write to a drive that is in Read-Only status.
Drives may be placed in Read-Only status explicitly as the
result of a STAT command or BDOS function call, or
implicitly if the BDOS detects that a diskette has been
changed without performing a “‘warm start.” The ability to
detect changed media is optionally included in the BIOS, and
exists only if a checksum vector is included for the selected
drive. Upon entry of any character at the keyboard, the
transient program is terminated, and control returns to the
CCP.

Function 13: Reset Disk System
Entry Return
CL: ODH (none)

The Reset Disk function is used to programmatically restore
the file system to a reset state where all disks are set to
Read/Write (see functions 28 and 29); only disk drive A is
selected. This function can be used, for example, by an
application program which requires disk changes during
operation. Function 37 (Reset Drive) can also be used for this
purpose.
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Function 14: Select Disk
Entry Return
CL: OEH (none)

DL: Selected
Disk

The Select Disk function designates the disk drive named in
register DL as the default disk for subsequent file operations,
with DL = 0 for drive A, 1 for drive B, and so forth through
15 corresponding to drive P in a full 16-drive system. In
addition, the designated drive is logged-in if it is currently in
the reset state. Logging-in a drive places it in “on-line” status
which activates the drive’s directory until the next cold start,
warm start, disk system reset, or drive reset operation. FCB’s
that specify drive code zero (dr = 00H) automatically
reference the currently selected default drive. Drive code
values between 1 and 16, however, ignore the selected default
drive and directly reference drives A through P.

Function 15: Open File

Entry Return
CL: OFH AL: Return Code
DX: FCB

Offset

The Open File function is used to activate an FCB specifying a
file which currently exists in the disk directory for the
currently active user number. The BDOS scans the disk
directory of the drive specified by byte 0 of the FCB referenced
by DX for a match'in positions 1 through 12 of the referenced
FCB, where positions 1-8 specify the filename, positions 9-11
specify the filetype, and position 12 specifies the extent.
Normally, the extent byte is set to zero.



If a directory element is matched, the relevant directory
information is copied into bytes dO through dn of the FCB,
thus allowing access to the files through subsequent read and
write operations. Note that an existing file must not be
accessed until a successful open operation is completed.
Further, an FCB not activated by either an open or make
function must not be used in BDOS read or write commands.
Upon return, the open function returns a “‘directory code”
with the value 0 through 3 if the open was successful, or OFFH
(255 decimal) if the file cannot be found. With the exception
of the BDOS search functions, Directory Code values (0—3)
have no significance other than to indicate a successful result.
However, for the search functions, a successful Directory Code
identifies the relative starting position of the directory element
in the calling process’s current DMA buffer. Note that the
current record (“cr’’) must be zeroed by the program if the file
is to be accessed sequentially from the first record.

Function 16: Close File

Entry Return
CL: 10H AL: Return Code
DX: FCB

Offset

The Close File function performs the inverse of the Open File
function. Given that the FCB addressed by DX has been
previously activated through an Open or Make function (see
functions 15 and 22), the Close function permanently records
the new FCB in the referenced disk directory. The FCB
matching process for the close is identical to the Open
function. The directory code returned for a successful close
operation is 0, 1, 2, or 3, while a OFFH (255 decimal) is
returned if the file name cannot be found in the directory. A
file need not be closed if only read operations have taken place.
If write operations have occurred, however, the close operation
is necessary to permanently record the new directory
information.
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Function 17: Search For First

Entry Return
CL: 11H AL: Directory
Code
DX: FCB
Offset

Search for First scans the directory for a match with the file
given by the FCB addressed by DX. The value 255
(hexadecimal FF) is returned if the file is not found, otherwise
0, 1, 2, or 3 is returned indicating the file is present. In the
case that the file is found, the buffer at the current DMA
address is filled with the record containing the directory entry,
and its relative starting position is AL * 32 (i.e., rotate the AL
register left 5 bits). Although not normally required for
application programs, the directory information can be
extracted from the buffer at this position.

An ASCII question mark (63 decimal, 3F hexadecimal) in any
position from “f1” through “ex” matches the corresponding
field of any directory entry on the default or auto-selected disk
drive. If the ““dr” field contains an ASCII question mark, then
the auto disk select function is disabled, the default disk is
searched, with the search function returning any matched
entry, allocated or free, belonging to any user number. This
latter function is not normally used by application programs,
but does allow complete flexibility to scan all current directory
values. If the “dr” field is not a question mark, the “s2” byte is
automatically zeroed.



" Function 18: Search For Next

Entry Return
CL: 12H AL: Directory
Code

The Search for Next function is similar to the Search for First
function, except that the directory scan continues from the last
matched entry. Similar to Function 17, Function 18 returns
the decimal value 255 in A when no more directory items
match. In terms of execution sequence, a Function 18 call
must follow either a Function 17 or Function 18 call with no
other intervening BDOS disk-related function calls.

Function 19: Delete File

Entry Return
CL: 13H AL: Return Code
DX: FCB

Offset

The Delete File function removes files which match the FCB
addressed by DX. The filename and type may contain
ambiguous references (i.e., question marks in various
positions), but the drive select code cannot be ambiguous, as
in the Search for First and Search for Next functions. Function
19 returns a OFFH (decimal 255) if the referenced file or files
cannot be found, otherwise a value of zero is returned.

Function 20: Read Sequential

Entry Return
CL: 14H AL: Return Code
DX: FCB

Offset

Given that the FCB addressed by DX has been activated
through an open or make function (numbers 15 and 22), the
Read Sequential function reads the next 128-byte record from

the file into memory at the current DMA address. The record
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is read from position “ct” of the extent, and the “cr” field is
automatically incremented to the next record position. If the
“cr” field overflows then the next logical extent is
automatically opened and the “cr”” field is reset to zero in
preparation for the next read operation. The “cr” field must be
set to zero following the open call by the user if the intent is to
read sequentially from the beginning of the file. The value
OOH is returned in the AL register if the read operation was
successful, while a value of 01H is returned if no data exists at
the next record position of the file. Normally, the no data
situation is encountered at the end of a file. However, it can
also occur if an attempt is made to read a data block which has
not been previously written, or an extent which has not been
created. These situations are usually restricted to files created
or appended by use of the BDOS Write Random commmand
(Function 34).

Function 21: Worite Sequential

Entry Return
CL: 15H AL: Return Code
DX: FCB

Offset

Given that the FCB addressed by DX has been activated
through an open or make function (numbers 15 and 22), the
Write Sequential function writes the 128-byte data record at
the current DMA address to the file named by the FCB. The
record is placed at position “cr” of the file, and the “ct” field is
automatically incremented to the next record position. If the
“cr” field overflows then the next logical extent is
automatically opened and the “cr” field is reset to zero in
preparation for the next write operation. Write operations can
take place into an existing file; in which case newly written
records overlay those which already exist in the file. The “cr”
field must be set to zero following an open or make call by the
user if the intent is to write sequentially from the beginning of
the file. Register AL = 0OH upon return from a successful
write operation, while a non-zero value indicates an
unsuccessful write due to one of the following conditions:



01 No available directory space~This condition occurs when
the write command attempts to create a new extent that
requires a new directory entry and no available directory
entries exist on the selected disk drive.

02 No available data block—This condition is encountered
when the write command attempts to allocate a new data
block to the file and no unallocated data blocks exist on
the selected disk drive.

Function 22: Make File

Entry Return
CL: 16H AL: Return Code
DX: FCB

Offset

The Make File operation is similar to the Open File operation
except that the FCB must name a file which does not exist in
the currently referenced disk directory (i.e., the one named
explicitly by a non-zero ““dr” code, or the default disk if “dr” is
zero). The BDOS creates the file and initializes both the
directory and main memory value to an empty file. The
programmer must ensure that no duplicate filenames occur,
and a preceding delete operation is sufficient if there is any
possibility of duplication. Upon return, register A = 0, 1, 2,
or 3 if the operation was successful and OFFH (255 decimal) if
no more directory space is available. The Make function has
the side-effect of activating the FCB and thus a subsequent
open is not necessary.
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Function 23: Rename File

Entry Return
CL: 17H AL: Return Code
DX: FCB

Offset

The Rename File function uses the FCB addressed by DX to
change all directory entries of the file specified by the filename
in the first 16 bytes of the FCB to the filename in the second 16
bytes. It is the user’s responsibility to ensure that the filenames
specified are valid CP/M unambiguous filenames. The drive
code “dr” at position O is used to select the drive, while the
drive code for the new filename at position 16 of the FCB is
ignored. Upon return, register AL is set to a value of zero if the
rename was successful, and OFFH (255 decimal) if the first
filename could not be found in the directory scan.

Function 24: Return Login Vector

Entry Return

(none) BX: Login Vector

The login vector value returned by CP/M-86 is a 16-bit value
in BX, where the least significant bit corresponds to the first
drive A, and the high-order bit corresponds to the sixteenth
drive, labelled P. A “0” bit indicates that the drive is not
on-line, while a “1” bit marks a drive that is actively on-line
due to an explicit disk drive selection, or an implicit drive
select caused by a file operation which specified a non-zero “‘dr”
field.

Function 25: Return Current Disk

Entry Return

CL: 19H AL: Current Disk

Function 25 returns the currently selected default disk number

~ in register AL. The disk numbers range from O through 15

corresponding to drives A through P.



Function 26: Set DMA Address

Entry Return
CL: 1AH (none)
DX: DMA

Offset

“DMA” is an abbreviation for Direct Memory Address, which
is often used in connection with disk controllers which directly
access the memory of the mainframe computer to transfer data
to and from the disk subsystem. Although many computer
systems use non-DMA access (i.e., the data is transferred
through programmed I/O operations), the DMA address has,
in CP/M, come to mean the address at which the 128-byte
data record resides before a disk write and after a disk read. In
the CP/M-86 environment, the Set DMA function is used to
specify the offset of the read or write buffer from the current
DMA base. Therefore, to specify the DMA address, both a
Function 26 call and a Function 51 call are required. Thus, the
DMA address becomes the value specified by DX plus the
DMA base value until it is changed by a subsequent Set DMA
or Set DMA base function.

Function 27: Get ADDR (ALLOC)

Entry Return

CL: 1BH BX: ALLOC Offset
ES: Segment Base

An “allocation vector” is maintained in main memory for each
on-line disk drive. Various system programs use the
information provided by the allocation vector to determine the
amount of remaining storage (see the STAT program).
Function 27 returns the segment base and the offset address of
the allocation vector for the currently selected disk drive. The
allocation information may, however, be invalid if the selected
disk has been marked Read/Only.
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Function 28: Werite Protect Disk
Entry Return
CL: 1CH (none)

The Write Protect Disk function provides temporary write
protection for the currently selected disk. Any attempt to
write to the disk, before the next cold start, warm start, disk
system reset, or drive reset operation produces a message of the
following form:

Bdos Err on d: R/O

Function 29: Get Read/Only Vector
Entry Return
CL: 1IDH BX: R/O Vector Value

Function 29 returns a bit vector in register BX which indicates
drives which have the temporary read/only bit set. Similar to
Function 24, the least significant bit corresponds to drive A,
while the most significant bit corresponds to drive P. The R/O
bit is set either by an explicit call to Function 28, or by the
automatic software mechanisms within CP/M-86 which detect
changed disks.

Function 30: Set File Attributes

Entry Return
CL: 1EH AL: Return Code
DX: FCB

Offset

The Set File Attributes function allows programmatic
manipulation of permanent indicators attached to files. In
particular, the R/O, System and Archive attributes (t1’, t2°,
and t3’) can be set or reset. The DX pair addresses an FCB
containing a filename with the appropriate attributes set or
reset. It is the user’s responsibility to ensure that an
ambiguous filename is not specified. Function 30 searches the
default disk drive directory area for directory entries that



belong to the current user number and that match the FCB
specified name and type fields. All matching directory entries
are updated to contain the selected indicators. Indicators f1'
through f4’ are not presently used, but may be useful for
applications programs, since they are not involved in the
matching process during file open and close operations.
Indicators £5° through {8’ are reserved for future system
expansion. The currently assigned attributes are defined as
follows:

t1’: The R/O attribute indicates if set that the file is in
Read/Only status. BDOS will not allow write commands
to be issued to files in R/O status.

t2’: The System attribute is referenced by the CP/M DIR
utility. If set, DIR will not display the file in a directory
display.

t3’: The Archive attribute is reserved but not actually used by
CP/M-86. If set it indicates that the file has been written
to back up storage by a user-written archive program. To
implement this facility, the archive program sets this
attribute when it copies a file to back up storage; any
programs updating or creating files reset this attribute.
Further, the archive program backs up only those files that
have the Archive actribute reset. Thus, an automatic
back-up facility restricted to modified files can be easily
implemented.

Function 30 returns with register AL set to OFFH (255
decimal) if the referenced file cannot be found, otherwise a
value of zero is returned.

Function 31: Get ADDR (Disk Parms)
Entry Return
CL: 1FH BX: DPB Offset

ES: Segment Base

The offset and the segment base of the BIOS resident disk
parameter block of the currently selected drive are returned in
BX and ES as a result of this function call. This control block
can be used for either of two purposes. First, the disk

parameter values can be extracted for display and space
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computation purposes, or transient programs can dynamically
change the values of current disk parameters when the disk
environment changes, if required. A disk parameter block has
the following form:

SPT |BSH|BLM[EXM| DSM | DRM |ALO|AL1| CKS | OFT”

\

I6b 8 8 8b 16b 16b 8 8b 16b  16b

The disk parameter block fields are defined in the table below.

... Disk-Parameter Block Fields

Field Description

SPT is the total number of sectors per track
BSH determines data block allocation size
BLM mask used by operating system

EXM mask used by operating system
DSM total storage capacity of disk drive

DRM total number of directory entries

ALO, AL1 reserved directory allocation blocks

CKS size of directory check vectors

OFF is the number of reserved tracks at the beginning of
the logical disk

Normally, application programs will not require this facility.

Function 32: Set/Get User Code

Entry Return
CL: 20H AL: Current Code
or no value

DL: OFFH(get)
or
User Code (set)
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An application program can change or interrogate the
currently active user number by calling Function 32. If
register DL = OFFH, then the value of the current user
number is returned in register AL, where the value is in the
range 0 to 15. If register DL is not OFFH, then the current
user number is changed to the value of DL (modulo 16).

Function 33: Read Random

Entry Return
CL: 21H AL: Return Code
DX: FCB

Offset

The Read Random function is similar to the sequential file
read operation of previous releases, except that the read
operation takes place at a particular record number, selected by
the 24-bit value constructed from the three-byte field
following the FCB (byte positions r0 at 33, rl at 34, and r2 at
35). Note that the sequence of 24 bits is stored with least
significant byte first (r0), middle byte next (r1), and high byte
last (r2). CP/M does not reference byte 12, except in
computing the size of a file (Function 35). Byte r2 must be
zero, however, since a non-zero value indicates overflow past
the end of file.

Thus, the r0,r1 byte pair is treated as a double-byte, or
“word” value, which contains the record to'read. This value
ranges from 0 to 65535, providing access to any particular
record of any size file. In order to access a file using the Read
Random function, the base extent (extent 0) must first be
opened. Although the base extent may or may not contain any
allocated data, this ensures that the FCB is properly initialized
for subsequent random access operations. The selected record
number is then stored into the random record field (r0,rl), and
the BDOS is called to read the record. Upon return from the
call, register AL either contains an error code, as listed below,
or the value 00 indicating the operation was successful. In the
latter case, the buffer at the current DMA address contains the
randomly accessed record. Note that contrary to the sequential
read operation, the record number is not advanced. Thus,
subsequent random read operations continue to read the same
record.
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Upon each random read operation, the logical extent and
current record values are automatically set. Thus, the file can
be sequentially read or written, starting from the current
randomly accessed position. Note, however, that in this case,
the last randomly read record will be reread as you switch from
random mode to sequential read, and the last record will be
rewritten as you switch to a sequential write operation. You
can, of course, simply advance the random record position
following each random read or write to obtain the effect of a
sequential I/O operation.

Error codes returned in register AL following a random read
are listed in the table below.

Code

01

02

03

04

05

06

Function 33—-Read Random Error Codes
Meaning

Reading unwritten data—This error code is returned
when a random read operation accesses a data block
which has not been previously written.

(not returned by the Random Read command)

Cannot close current extent—This error code is
returned when BDOS cannot close the current extent
prior to moving to the new extent containing the
record specified by bytes r0,rl of the FCB. This error
can be caused by an overwritten FCB or a read random
operation on an FCB that has not been opened.

Seek to unwritten extent—This error code is returned
when a random read operation accesses an extent that
has not been created. This error situation is equivalent
to error O1.

(not returned by the Random Read command)

Random record number out of range—This error code
is returned whenever byte r2 of the FCB is non-zero.

Normally, non-zero return codes can be treated as missing
data, with zero return codes indicating operation complete.
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Function 34: Write Random

Entry Return
CL: 22H AL: Return Code
DX: FCB

Offset

The Write Random operation is initiated similar to the Read
Random call, except that data is written to the disk from the
current DMA address. Further, if the disk extent or data block
which is the target of the write has not yet been allocated, the
allocation is performed before the write operation continues.
As in the Read Random operation, the random record number
is not changed as a result of the write. The logical extent
number and current record positions of the file control block
are set to correspond to the random record which is being
written. Sequential read or write operations can commence
following a random write, with the note that the currently
addressed record is either read or rewritten again as the
sequential operation begins. You can also simply advance the
random record position following each write to get the effect of
a sequential write operation. In particular, reading or writing
the last record of an extent in random mode does not cause an
automatic extent switch as it does in sequential mode.

In order to access a file using the Write Random function, the
base extent (extent 0) must first be opened. As in the Read
Random function, this ensures that the FCB is properly
initialized for subsequent random access operations. If the file
is empty, a Make File function must be issued for the base
extent. Although the base extent may or may not contain any
allocated data, this ensures that the file is properly recorded in
the directory, and is visible in DIR requests.

Upon return from a Write Random call, register AL either

contains an error code, as listed below, or the value 00
indicating the operation was successful.

D-27



D-28

Function 34—Write Random Error Codes
Code Meaning
01 (not returned by the Random Write command)

02 No available data block—This condition is
encountered when the Write Random command
attempts to allocate a new data block to the file and no
unallocated data blocks exist on the selected disk
drive.

03 Cannot close current extent—This error code is
returned when BDOS cannot close the current extent
prior to moving to the new extent containing the
record specified by bytes r0,r1 of the FCB. This error
can be caused by an overwritten FCB or a write
random operation on an FCB that has not been
opened.

04 (not returned by the Random Write command)

05 No available directory space—This condition occurs
when the write command attempts to create a new
extent that requires a new directory entry and no
available directory entries exist on the selected disk
drive.

06 Random record number out of range—This error code
is returned whenever byte r2 of the FCB is non-zero.

Function 35: Compute File Size

Entry Return
CL: 23H Random Record
Field Set
DX: FCB
Offset

When computing the size of a file, the DX register addresses
an FCB in random mode format (bytes t0, rl, and r2 are
present). The FCB contains an unambiguous filename which is
used in the directory scan. Upon return, the random record
bytes contain the “virtual” file size which is, in effect, the
record address of the record following the end of the file. If,



following a call to Function 35, the high record byte 2 is 01,
then the file contains the maximum record count 65536.
Otherwise, bytes 10 and r1 constitute a 16-bit value (¢0 is the
least significant byte, as before) which is the file size.

Data can be appended to the end of an existing file by simply
calling Function 35 to set the random record position to the
end of file, then performing a sequence of random writes
starting at the preset record address.

The virtual size of a file corresponds to the physical size when
the file is written sequentially. If, instead, the file was created
in random mode and “holes” exist in the allocation, then the
file may in fact contain fewer records than the size indicates. If,
for example, a single record with record number 65535
(CP/M’s maximum record number) is written to a file using
the Write Random function, then the virtual size of the file is
65536 records, although only one block of data is actually
allocated.

Function 36: Set Random Record

Entry Return
CL: 24H Random Record
Field Set
DX: FCB
Offset

The Set Random Record function causes the BDOS to
automatically produce the random record position of the next
record to be accessed from a file which has been read or written
sequentially to a particular point. The function can be useful
in two ways.

First, it is often necessary to initially read and scan a sequential
file to extract the positions of various “key” fields. As each key
is encountered, Function 306 is called to compute the random
record position for the data corresponding to this key. If the
data unit size is 128 bytes, the resulting record position minus
one is placed into a table with the key for later retrieval. After
scanning the entire file and tabularizing the keys and their
record numbers, you can move instantly to a particular keyed
record by performing a random read using the corresponding
random record number which was saved earlier. The scheme is
easily generalized when variable record lengths are involved
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since the program need only store the buffer-relative byte
position along with the key and record number in order to find
the exact starting position of the keyed data at a later time.

Second, you can use Function 36 to switch from a sequential
read or write over to random read or write. A file is
sequentially accessed to a particular point in the file, Function
36 is called which sets the record number, and subsequent
random read and write operations continue from the next
record in the file.

Function 37: Reset Drive

Entry Return
CL: 25H AL: OOH
DX: Drive

Vector

The Reset Drive function is used to programmatically restore
specified drives to the reset state (a reset drive is not logged-in
and is in read/write status). The passed parameter in register
DX is a 16-bit vector of drives to be reset, where the least
significant bit corresponds to the first drive, A, and the
high-order bit corresponds to the sixteenth drive, labelled P.
Bit values of ““1” indicate that the specified drive is to be reset.
CP/M returns a zero value for this function.

Function 40: Write Random With Zero Fill

Entry Return
CL: 28H AL: Return Code
DX: FCB

Offset



The Write Random With Zero Fill function is similar to the
Write Random function (Function 34) with the exception that
a previously unallocated data block is initialized to records
filled with zeros before the record is written. If this function
has been used to create a file, records accessed by a read random
operation that contain all zeros identify unwritten random
record numbers. Unwritten random records in allocated data
blocks of files created using the Write Random function
contain uninitialized data.

Function 50: Direct BIOS Call

Entry Return
CL: 32H (none)
DX: BIOS

Descriptor

Function 50 provides a direct BIOS call and transfers control
through the BDOS to the BIOS. The DX register addresses a
five-byte memory area containing the BIOS call parameters:

8-bit 16-bit 16-bit
Func value(CX) value(DX)

where Func is a BIOS function number (see the table below),
and value (CX) and value (DX) are the 16-bit values which
would normally be passed directly in the CX and DX registers
with the BIOS call. The CX and DX values are loaded into the
8086 registers before the BIOS call is initiated.
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BIOS Jump Vector

Offset from

Beginning Iil;iguez:ieoi B;g_s Description

of BIOS

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
Character Ready

2509H JMP CONIN 3 Read Console Character
In

250CH JMP CONOUT 4 Write Console Character
Out

250FH JMP LIST 5 Write Listing Character
Out

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 SELDSK 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 MEM DESC Table
Offset

2539H JMP GETIOB 19 Get I/O Mapping Byte

253CH JMP SETIOB 20 Set I/O Mapping Byte
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Function 51: Set DMA Base
Entry Return

CL: 33H (none)

DX: Base Address

Function 51 sets the base register for subsequent DMA
transfers. The word parameter in DX is a paragraph address
and is used with the DMA offset to specify the address of a
128-byte buffer area to be used in the disk read and write
functions. Note that upon initial program loading, the default
DMA base is set to the address of the user’s data segment (the
initial value of DS) and the DMA offset is set to 0080H, which
provides access to the default buffer in the base page.

Function 52: Get DMA Base

Entry Return

CL: 34H BX: DMA Offset
ES: DMA Segment

Function 52 returns the current DMA Base Segment address in
ES, with the current DMA Offset in DX.

BDOS Memory Management and Load

Memory is allocated in two distinct ways under CP/M-86. The
first is through a static allocation map, located within the
BIOS, that defines the physical memory which is available on
the host system. In this way, it is possible to operate CP/M-86
in a memory configuration which is a mixture of up to eight
non-contiguous areas of RAM or ROM, along with reserved,
missing, or faulty memory regions. In a simple RAM-based
system with contiguous memory, the static map defines a
single region, usually starting at the end of the BIOS and
extending up to the end of available memory.
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Once memory is physically mapped in this manner, CP/M-86
petforms the second level of dynamic allocation to support
transient program loading and execution. CP/M-86 allows
dynamic allocation of memory into, again, eight regions. A
request for allocation takes place either implicitly, through a
program load operation, or explicitly through the BDOS calls
given in this section. Programs themselves are loaded in two
ways: through a command entered at the CCP level, or
through the BDOS Program Load operation (Function 59).
Multiple programs can be loaded at the CCP level, as long as
each program executes a System Reset (Function 0) and
remains in memory (DL = 01H). Multiple programs of this
type receive control only by intercepting interrupts, and thus
under normal circumstances there is only one transient
program in memory at any given time. If, however, multiple
programs are present in memory, then Ctrl-C characters
entered by the operator delete these programs in the opposite
order in which they were loaded no matter which program is
actively reading the console.

Any given program loaded through a CCP command can,
itself, load additional programs and allocate data areas.
Suppose four regions of memory are allocated in the following
order: A, B, C, and D. A program is loaded at the CCP level
through an operator command. The CMD file header is read,
and the entire memory image consisting of the program and its
data is loaded into region A, and execution begins. This
program, in turn, calls the BDOS Program Load function (59)
to load another program into region B, and transfers control to
the loaded program. The region B program then allocates an
additional region C, followed by a region D. The order of
allocation is shown in the figure below:

Region A
Region B
Region C

Region D

Example Memory Allocation
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There is a hierarchical ownership of these regions: the program
in A controls all memory from A through D. The program in
B also controls regions B through D. The program in A can
release regions B through D, if desired, and reload yet another
program. DDT-86, for example, operates in this manner by
executing the Free Memory call (Function 57) to release the
memory used by the current program before loading another
test program. Further, the program in B can release regions C
and D if required by the application. It must be noted,
however, that if either A or B terminates by a System Reset
(BDOS Function 0 with DL = 00H) then all four regions A
through D are released.

A transient program may release a portion of a-region,
allowing the released portion to be assigned on the next
allocation request. The released portion must, however, be at
the beginning or end of the region. Suppose, for example, the
program in region B above receives 800H paragraphs at
paragraph location 100H following its first allocation request.
The result is as shown in the figure below.

1000H:

Length =
8000H RegionC

Example Memory Region

Suppose further that region D is then allocated. The last 200H
paragraphs in region C can be returned without affecting
region D by releasing the 200H paragraphs beginning at
paragraph base 700H, resulting in the memory arrangement
shown in the figure below.

1000H:
Length =
6000H Region C
Length = 7000H: it
2000H ‘ i
Example Memory Regions
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The region beginning at paragraph address 7000H is now
available for allocation in the next request. Note that a
memory request will fail if eight memory regions have already
been allocated. Normally, if all program units can reside in a
contiguous region, the system allocates only one region.

Memory management functions beginning at 53 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-Length M-Ext

where M-Base and M-Length are either input or output values
expressed 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.

Function 53: Get MAX MEM

Entry Return
CL: 35H AL: Return Code
DX: Offset

of MCB

Function 53 finds the largest available memory region which is
less than or equal to M-Length paragraphs. If successful,
M-Base is set to the base paragraph address of the available
area, and M-Length to the paragraph length. AL has the value
OFFH upon return if no memory is available, and O0H if the
request was successful. M-Ext is set to 1 if there is additional
memory for allocation, and 0 if no additional memory is
available.



Function 54: Get ABS MAX

Entry Return
CL: 36H AL: Return Code
DX: Offset

of MCB

Function 54 is used to find the largest possible region at the
absolute paragraph boundary given by M-Base, for a
maximum of M-Length paragraphs. M-Length is set to the
actual length if successful. AL has the value OFFH upon return
if no memory is available at che absolute address, and 00H if
the request was successful.

Function 55: ALLOC MEM

Entry Return
CL: 37H AL: Return Code
DX: Offset

of MCB

The Allocate Memory function allocates a memory area
according to the MCB addressed by DX. The allocation
request size is obtained from M-Length. Function 55 returns
in the user’'s MCB the base paragraph address of the allocated
region. Register AL contains a O0H if the request was
successful and a OFFH if the memory could not be allocated.
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Function 56: ALLOC ABS MEM

Entry Return
CL: 38H AL: Return Code
DX: Offset

of MCB

The Allocate Absolute Memory function allocates a memory
area according to the MCB addressed by DX. The allocation
request size is obtained from M-Length and the absolute base
address from M-Base. Register AL contains a 00H if the
request was successful and a OFFH if the memory could not be
allocated.

Function 57: Free MEM

Entry Return
CL: 39H (none)
DX: Offset

of MCB

Function 57 is used to release memory areas allocated to the
program. The value of the M-Ext field controls the operation
of this function: if M-Ext = OFFH then all memory areas
allocated by the calling program are released. Otherwise, the
memory area of length M-Length at location M-Base given in
the MCB addressed by DX is released (the M-Ext field should
be set to O0OH in this case). As described above, either an entire
allocated region must be released, or the end of a region must

be released; the middle section cannot be returned under
CP/M-86.

Function 58: Free All MEM

Entry Return

CL: 3AH (none)

Function 58 is used to release all memory in the CP/M-86

environment (normally used only by the CCP upon
initialization).



Function 59: Program Load

Entry Return
CL: 3BH AX: Return Code/
Base Page Addr
DX: Offset BX: Base Page Addr
of FCB

Function 59 loads a CMD file. Upon entry, register DX
contains the DS relative offset of a successfully opened FCB
which names the input CMD file. AX has the value OFFFFH if
the program load was unsuccessful. Otherwise, AX and BX
both contain the paragraph address of the base page belonging
to the loaded program. The base address and segment length
of each segment are stored in the base page. Note that upon
program load at the CCP level, the DMA base address is
initialized to the base page of the loaded program, and the
DMA offset address is initialized to 0080H. However, this is a
function of the CCP, and a Function 59 does not establish a
default DMA address. It is the responsibility of the program
which executes Function 59 to execute Function 51 to set the
DMA base and Function 26 to set the DMA offset before
passing control to the loaded program.
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Appendix E. Sample Random Access
Program

This appendix contains an extensive and complete example of
random access operation. The program listed here performs the
simple function of reading or writing random records upon
command from the terminal. Given that the program has been
created, assembled, and placed into a file labelled
RANDOM.CMD, the command:

RANDGM 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 prompt 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

aW nR Q

where n is an integer value in the range 0 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 issued, the RANDOM program issues
the prompt

type data:

The operator then responds by typing up to 127 characters,
followed 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 Q command is
issued, the X.DAT file is closed, and the program returns to
the console command processor. The only error message is

error, try again
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The program begins with an initialization section where the
input file is opened or created, followed by a continuous loop
at the label “ready” where the individual commands are
interpreted. The default file control block at offset 005CH and
the default buffer at offset 0080H are used in all disk
operations. The utility subroutines then 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. In fact, with some work, this program could
evolve into a simple data base management system.

One could, for example, assume a standard record size of 128
bytes, consisting of arbitrary fields within the record. A
program, called GETKEY, could be developed which first
reads a sequential file and extracts a specific field defined by the
operator. For example, the command

GETKEY NAMES.DAT LASTNAME 10 20

would cause GETKEY to read the data base file NAMES.DAT
and extract the LASTNAME field from each record, starting at
position 10 and ending at character 20. GETKEY builds a
table in memory consisting of each particular LASTNAME
field, along with its 16-bit record number location within the
file. The GETKEY program then sorts this list, and writes a
new file, called LASTNAME.KEY, which is an alphabetical
list of LASTNAME fields with their corresponding record
numbers. (This list is called an “inverted index” in
information retrieval parlance.)

Rename the program shown above as QUERY, and enhance it
a bit so that it reads a sorted key file into memory. The
command line might appear as:

QUERY NAMES.DAT LASTNAME.KEY

Instead of reading a number, the QUERY program reads an
alphanumeric string which is a particular key to find in the
NAMES.DAT data base. Since the LASTNAME.KEY list is
sorted, you can find a particular entry quite rapidly by
performing a “binary search,” similar to looking up a name in
the telephone book. That is, starting at both ends of the list,
you examine the entry halfway in between and, if not
matched, split either the upper half or the lower half for the
next search. You'll quickly reach the item you're looking for
(in log2(n) steps) where you’ll find the corresponding record



number. Fetch and display this record at the console, just as
we have done in the program shown above.

At this point you're just getting started. With a little more
work, you can allow a fixed grouping size which differs from
the 128-byte record shown above. This is accomplished by
keeping track of the record number as well as the byte offset
within the record. Knowing the group size, you randomly
access the record containing the proper group, offset to the
beginning of the group within the record read sequentially
until the group size has been exhausted.

Finally, you can improve QUERY considerably by allowing
boolean expressions which compute the set of records which
satisfy several relationships, such as a LASTNAME between
HARDY and LAUREL, and an AGE less than 45. Display all
the records which fit this description. Finally, if your lists are
getting too big to fit into memory, randomly access your key
files from the disk as well.
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1:;

2.-****************************************************************************************
L

3:;
: ;* Sampie Random Access Program for CP/M-86
¥

4

10:
11:
12.
13:
14:
15:
16:
17:
18:
19:
20:
21
22;
23:
24:;
25:; ;
26:
27

5
6:
7
8

o

]

- BDOS Functions

coninp equ 1
conout equ 2
pstring equ 9
rstring equ 10
version equ 12
openf equ 15
closef equ 16
makef equ 22
readr equ 33
writer equ 34

; Equates for non graphic characters
cr equ 0dh
if equ 0ah

; load SP, ready file for random access

;console input function
;console output function
;print string until '$’
;read console buffer
;return version number
;file open function
:close function

;make file function
;read random

;write random

;carriage return
;line feed

*

*

*

o HRFEEERREERRERHERNE RN RER RN ERERRERENHREHNRR R R RNEREEREERREREEEEEEREREEERERERREREEREEE
’
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28:
29:
30:
31:
32:
33:
34:
35:
36:
317:
38:
39:
40:
a1:
42:
43:
44:
45:
46:
47:
48:
49;
50: ;
51:
52:;
h3:

54:

versolk:

1

cseg
pushf ;push flags in CCP stack
pop ax ;save flags in AX

cli ;disable interrupts

mov bx,ds ;set SS register to base
mov ss,bx ;set §S, SP with interrupt
mov sp,offset stack ; for 8088
push ax ;restore the flags

popf

CP/M-86 initial release returns the file
system version number of 2.2; checlcis
shown below for illustration purposes.

mov cl,version

call bdos

cmp al,20h ;version 2.0 or later?
jnb versok

; bad version, message and go back

mov dx,offset badver

call print

jmp abort

correct version for random access
mov cl,openf ;open default fct
mov dx,offset fcb
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55:
56:
57:
58:
59:
60:
61:
62:
63:
64:
65:
66:
67:
68:
69:
70: ;
71. .

’

12: ;

13:
14.
75:;
16;
17:
18:
79:
80:
81:

ready:

1

call
inc
jnz

bdos

cannot open file, so create it

mov
mov
call
inc
jnz

cannot create file, directory full

mov
call
jmp

loop back to “ready” after each command

file is ready for processing

call
mov
mov
cmp
jnz

al ;err 255 becomes zero
ready

cl,makef

dx,offset fch

bdos

al ;err 255 becomes zero
ready

dx,offset nospace

print

abort ;back to ccp

readcom ;read next command
ranrec,dx ;store input record#
ranovf,0h ;clear high byte if set
al,'Q ;quit?

notq



82:
83:
84:
85:
86:
87:
88:
89:
90:
91:
92: ;

quit processing, close file

mov cl,closef
mov dx,offset fch
call bdos

inc al

jz error

jmps abort

;  end of quit command, process write

93:;

94;
95;
96:;
97:
98:
99;
100:
101:
102:
103:
104:
105:
106:
107:
108:

notq:

?

rloop:

;err 255 becomes 0
;error message, retry
;back to ccp

not the quit command, random write?

cmp al,’'wW’
jnz notw

this is a random write, fill buffer until cr

mov dx,offset datmsg
call print

mov cx,127

maov bx,offset buft
;read next character to buff
push €X

push bx

call getchr

pop bx

.data prompt
;up to 127 characters
;destination

;save loop control
;next destination
:character to AL
;restore destination
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109:
110:
11:
112:
13:
114
115:
116:
117:
118:
119:
120:
121:
122:
123:
124:
125:
126:
127:
128:
129:
130:
131:
132:
133:
134:
135:

pop cX ;restore counter
cmp al.cr ;end of line?

iz erloop

not end, store character

mov byte ptr [bx],al

inc bx ;next to fill

loop rloop ;decrement cx ..loop if

end of read loop, store 00

mov byte ptr [bx],0h

write the record to selected record number

mov cl,writer

mov dx,oftset fch

call bdos

or al,al ;error code zero?
jz ready ;for another recor
jmps error ;message if not

end of write command, process read

not a write command, read record?
cmp al,'’R’
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136:

137:

138: ;

139:;

140: ranread:
141:

142:

143:

144:

145:

146:

147: ;

148: ;

149: readok:
150:

151;

152;

153: wloop:
154;

155:

156:

157:

158: wloop1:
159:

160:

161:

162:

jz ranread
jmps error ;skip if not

read random record

mov cl,readr

mov dx,offset fcb

call bdes

or al,al :return code 007
jz readok

jmps error

read was successful, write to console

call crif ;new line

mov cx,128 ;max 128 characters
mov si,offset buff ;next to get

lods al ;next character

and al,07th ;masl parity

jnz wloop1

jmp ready ;for another command if
push cX ;save counter

push si ;save next to get

cmp al,’”’ ;graphic?

jb skipw ;skip output if not graphic



o1-4

163:
164:
165:
166:
167:
168:
169:
170:
171:
172;
173:
174:
175:
176:
177:
178: ;
179:
180:
181:
182:
183:
184:
185:
186:
187: ;
188:
189: ;

call
skipw:

pop

pop

loop

jmp

putchr ;output character

si

cX

wloop ;decrement CX and check
ready

; end of read command, all errors end-up here

error:

mov

call

jmp
;  BDOS entry subroutine
bdes:

int

ret

abort:
mov
call

dx,offset errmsg

print

ready

224 ;entry to BDOS if by INT
:return to CCP

cl,0

hdos :use function 0 to end e

;  utility subroutines for console i/e

4
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180: getchr:

191: ;read next console character to a

192: mov cl,coninp

193: call bdos

194; ret

195: ;

196: putchr:

197: ;write character from a to console

198: mov cl,conout

199: mov dl,al ;character to send
200: call bdos ;send character
201: ret

202: ;

203: crif:

204: ;send carriage return line feed

205: mov al,cr ;carriage return
206: call putchr

207: mov allf ;line feed

208: call putchr

209: ret

210: ;

211: print:

212: ;print the buffer addressed by dx until $

213: push dx

214: call crlf

215: pop dx ;new line

216: mov cl,pstring
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217:
218:

219: ;
220: readcom:

7

221:
222
223:
224;
225:
226:

227:

228:
229:

230

: readc:

231;
232:
233:
234:
235:

236: ;

237

: getnum:

238:
239:
240:
241;
242;
243:

call
ret

bdos ;print the string

:read the next command line to the conbuf

mov dx.offset prompt

call print ;command?

mov clrstring

mov dx,offset conbuf

call bdos ;read command line
;command line is present, scan it

mov ax,0 ;start with 0000

mov bx,offset conlin

mov dl,[bx] ;next command character
inc bx ;to next command position
mov dh,0 ;zero high byte for add

or di.dl ;check for end of command
jnz getnum

ret

not zero, numeric?

sub
cmp
jnb
mov
mul
add

dl,’o’

dl,10 ;carry if numeric

endrd

cl,10

cl ;multiply accumulator by

ax,dx ; +digit



€1-q

244:;
245:
246:
247
248:
249:
250:
251:
252:
253:
254:
255:;
256:
257:
258:
259:
260:
261:
262:
263:
264:
265:
266:
267:
268:
269:
210:

jmps readc ;for anoti..-char
endrd:
; end of read, restore value in a and return value
mov dx,ax ;return value in DX
mov al,-1[bx]
cmp al,a’ ;check for lower case
jnb transl
ret
transl: and al 5fH ;translate to upper case
ret
,  Template for Page 0 of Data Group

; Contains default FCB and DIMA buffer

dseg

org 05ch
fcb b 33 ;default file control block
ranrec w 1 ;random record position
ranovf th 1 ;high order (overflow) b
buff rb 128 ;default DMA buffer
;  string data area for console messages
badver db ‘sorry, you need cp/m version 2§’
nospace db ‘no directory space$’
datmsg db ‘type data: §'
errmsg db ‘error, try again.$’
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271:
272;
273: ;
274:
275: ;
276:
217:
278:
279:
280: ;
281:
282:
283:
284:

prompt db

:fixed and variable data area

conbuf db conlen
consiz rs 1
conlin Is 32
conlen equ offset

Is 31
stack rh 1

db 0

end

'next command? $'

;length of console buffer
;resulting size after read
;length 32 huffer
$-offset consiz

;16 level stack

;end byte for GENCMD
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Light Pen and Escape Code Sequences

This appendix describes the operation of the light pen and the
format of the data it sends to an application program. This
appendix also describes the escape code sequences you can use
in a program to control the cursor, change colors on your
display, and assign logical device input and output.

Light Pen

If a program requests input from the Light Pen and there is no
data waiting, CP/M-86 displays a status line message:
“Waiting for Light Pen Input”. When CP/M-86 obtains a
data set from the Pen, it resets the status line and places the
data into the console status stream.

The Light Pen sends data to the console input (or auxiliary
input) stream in the following format:

Byte 1— Character Row + 20H

Byte 2 — Character Column + 20H

Byte 3 — Dot Row + 20H

Byte 4 — Most Significant 6 bits of Dot Column + 20H
Byte 5 — Least Significant 6 bits of Dot Column + 20H
Byte 6 — Terminator, always 00 (ASCII NUL)

To avoid misinterpreting characters, the driver converts all
binary values to graphic ASCII characters by adding 20H (32
decimal) to each byte. The character row, column and the
raster scan line values can be obtained by simply subtracting
20H from the respective Light Pen input bytes. The dot
column is more difficult to obtain because it is actually a
12-bit binary value which has been broken into two bytes. The
first byte contains the most significant 6 bits of the dot
column, offset by adding 20H as in the case of the first three
bytes from the Light Pen. The second byte contains the least
significant 6 bits of the dot column, also offset by adding
20H. The dot column can be obtained from these two bytes in
the following manner: first, subtract 20H from the most
significant byte and then shift the result left six places forming
a 16-bit value; and second, subtract 20H from the least
significant byte and add it to the 16-bit value from the first
step. This technique will reconstruct the dot column value
from the input bytes.



Escape Code Sequences
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You can use Escape codes to control the cursor, change display
colors, redirect logical input and output, and program the
Function keys and Cursor keypad keys. An ASCII Escape
character (hex 1B) triggers Escape sequence processing. The
Escape character can be followed by one or more characters
depending on the function required. The character
immediately following the Escape character indicates which
function is to be performed. You must send Escape character
sequences directly to the operating system, for example,
through an assembly language routine. When Escape
sequences are read from the input stream, it is necessary to
read two characters for each Escape sequence. You cannot send
the Escape character sequence through the Console Command
Processor (CCP). The following table summarizes the Escape
codes and their functions.

ESCa Set Console Mode

ESCb Set Foreground Color

ESCc Set Background Color

ESCd Redirect Console Input

ESCe Redirect Console Output

ESCf Redirect Auxiliary Input

ESCg Redirect Auxiliary Output

ESCh Redirect List Output

ESC i Enable/Disable Transparent Mode
ESCj Save Cursor Position

ESCk Restore Cursor Position

ESC1 Enable/Disable Console Status Mode
ESC A Cursor Up

ESCB Cursor Down

ESCC Cursor Forward

ESCD Cursor Backward (non-destructive)
ESCE Clear Screen (and Home Cursor)
ESCH Home Cursor

ESCK Clear to End of Line

ESCY Position Cursor

ESC/ Set Color Palette

ESC? Get Time, Date, Background Message
ESC: Program Function/Cursor Keys

ESC ESC Display Escape Graphics Character



ESC a—Set Console Mode

The console mode selects the number of rows and columns on
the CRT screen, as well as Color or Monochrome display.
Escape-a must be followed by a number from 0 to 7. This
number selects a mode according to the table below:

0—-40 X 25 Black & White on the Color Board

1—-40 X 25 Color

2—80 X 25 Black & White on the Color Board

3 —-80 X 25 Color

4—320 X 200 Color Graphics

5 —320 X 200 Monochrome Graphics

6— 640 X 200 Monochrome Graphics

7 —80 X 25 Monochrome (IBM Monochrome Display)

Only the least significant three bits of the mode number are
used.

ESC b—Set Foreground Color

The Foreground Color displays the character. Associated with
the foreground color is an intensity selection bit, although
many color monitors do not support high and low intensity
characters.

Escape-b must be followed by a color selection character. Only
the four least significant bits of the color character are used,
with the individual bits having the following significance:

Bit Pattern of Control Byte:

7 6 5 4 3 2 10

i

Green
Red
Hi-intensity
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Here are some examples of color selection:
Sample Byte Values for Various Colors:

0 — Black (Used with Non-black Backgrounds)
1— Blue

2 — Green
3 — Blue + Green (Cyan)
4 — Red

5 —Red + Blue (Magenta)
6—Red + Green (Yellow)
7 — Red + Green + Blue (White)

ESC c—Set Background Color
This function selects Background Color, the color of the screen
“behind” the characters. In addition, this function can make

individual characters blink on and off.

Escape-c must be followed by a color selection character. Only
the four least significant bits of the color character are used,

with the individual bits having the following significance:

Bit Pattern of Control Byte:

7 6 54 3 210

N

! Blue
Green
Red
Blink

The background color selection characters are the same as for
foreground. Note that White Background combined with
Black Foreground is effectively Inverse Video.

To combine color selection with blink, use the following
characters:

h - Black m — Red + Blue (Magenta)
i — Blue n — Red + Green (Yellow)
j — Green o — Red + Green + Blue
k — Blue + Green (Cyan) (White)

I - Red



ESC d,e,f,g,h—I/O Redirection

These Escape Sequences can redirect input and output between
logical and physical devices. The function letter (d, e, f, g, or
h) must be followed by two bytes. CP/M-86 uses the most
significant seven bits of each byte. Therefore, you should set
the most significant bit to 1 so that CP/M-86 never mistakes
the values you are outputting for carriage return or tab
characters.

To understand how the I/O redirection works you must view
the two bytes as a set of bits. Each bit is associated with a
physical device driver. When you are specifying Input Source
(such as Console Input—ESC d) you can specify only a single
physical device. Output Destinations (such as Console
Output—ESC e) can have several output devices.

The bit values for each of the physical devices are shown
below. Note that Byte 1 is output after the selection letter;
Byte 2 follows Byte 1.

Byte 1 Byte 2 Physical Device
Binary  Hex  Binary  Hex

10000001 81H 10000000 80H Keyboard
10000010 82H 10000000 80H Screen
10000100 84H 10000000 80H Serial Port #0
10001000 88H 10000000 80H Serial Port # 1
10010000 90H 10000000 80H Printer #0
10100000 AOH 10000000 80H Printer #1
11000000 COH 10000000 80H Printer #2

10000000 80H 10000001 81H Light Pen

10000000 80H 10000010 82H Reserved for Cassette 1/O
10000000 80H 10000100 84H Reserved for Game Card I/O
10000000 80H 10001000 88H Dummy Device

The function selection letters are:

d — Console Input

e — Console Qutput
f— Auxiliary Input

g — Auxiliary Output
h — List Output
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ESC i—Enable/Disable Transparent Mode

When transparent mode is enabled, the following characters
are output to the screen without special processing:

Carriage Return
Line Feed
Backspace

Bell

When transparent mode is disabled (which is the default
state), these characters cause their appropriate function to
occur. Enable transparent mode when you want the special
symbols assigned to these characters to appear on the screen.

The least signficant bit of the character following the “i”
enables or disables transparent mode. The recommended
values are:

0 — Disable transparent mode
1 — Enable transparent mode

ESC j—Save Cursor Position

This sequence preserves the current cursor position. You can
restore the cursor to the previously saved position with
Escape-k.

ESC k—Restore Cursor Position

This sequence restores the cursor to a previously saved
position. If you use this sequence without having previously
saved the cursor position, then the cursor is moved “home” to
the top left-hand corner of the screen.

ESC I-Enable/Disable Console Status Mode

This sequence enables or disables the special feature in the
console status routine that alters whether CONST reports any
keyboard characters waiting. When the console status mode is
enabled, CONST reports only that logical input is waiting for
physical keyboard input. When disabled, CONST reports not
only keyboard input, but also input from internal character
strings such as function keys or the light pen.



Programs that poll the console to check for incoming data
characters simply do not work if you have enabled console
status mode.

ESC A—Cursor Up

This moves the cursor up one line. If the cursor is already on
the top line of the screen, this Escape sequence has no effect.
ESC B—Cursor Down

This moves the cursor down one line. If the cursor is already on
the last line of the screen, that is, the one above the status line,
then this Escape sequence has no effect.

ESC C—Cursor Forward

This moves the cursor one position to the right. If this

function would move the cursor off the screen, this Escape
sequence has no effect.

ESC D—Cursor Backward

This moves the cursor one position to the left. This is a
“non-destructive” move because the character over which the
cursor now rests is not replaced by a blank. If the cursor is
already in column 0, this Escape sequence has no effect.

ESC E—Clear Screen (and Home Cursor)

This moves the cursor to column 0, row O (the top left-hand
corner of the screen), and clears all characters from the screen.

ESC H-Home Cursor

This moves the cursor to column 0, row 0. The screen is NOT
cleared.
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ESC K—Clear to End of Line

This clears the line from the current cursor position to the end
of the line.

ESC Y—-Position Cursor

The two characters that follow the “Y"" specify the row and
column to which the cursor is to be moved. The first character
specifies the row, the second specifies the column. Rows
number from 0 to 23 (24 being the status line), column
numbers from O to 79.

To avoid confusing row and column values with control
characters, row and column values have 20H (32 decimal)
added to them. For example, to move the cursor to the home
position (0,0), the two characters following the “Y”” would be
ASCII spaces (20H).

ESC /-Set Color Palette

The character following the *“/” sets the color palette for the
display. CP/M-86 uses the least significant 7 bits of this
character.

ESC ?—Get Time, Date, Background Message

This Escape sequence causes a string of characters to be
injected into the console input stream. The exact character
sequence is shown below:

MM/DD/YY ,HH:MM:SS, ...blanks. ..

The character string is exactly as shown above; the commas
and carriage return are included in the data stream.

Note: The interrupt handler in the ROM BIOS provides
approximately 18.2 timer interrupts per second. CP/M-86 has
reprogrammed the 8253 timer to provide approximately 19
ticks per second.



ESC : —Program Function Keys

This sequence programs the function keys, F1 to F10, and the
cursor control keys on the number pad. The overall format of
this escape sequence is:

ESC : kid string 00H

“kid” is a key indentifier and tells CP/M-86 which function
key/cursor control key you want to program. “string” isan
arbitrary string of characters; for function keys this can be up
to 18 characters long. For cursor control keys this can be up to
4 characters. “00H” is a byte of hexadecimal 0 and terminates
the string.

The valid key identifiers and their default string settings are
shown below. Note that the symbol “<cr>" represents the
Enter key.

; —F1 dir<cr>

< -F2 dir b:<cr>
=-F3 stat<<cr>

> -~ F4 stat b:<<cr>

? —F5 pip<cr>
@ - F6 pip b: =a:* . *[v]
A —-F7 stat * *<cr>

B —F8 stat b:* . *<cr>

C -F9 (not programmed)
D - F10 (not programmed)
G — Home ESC H (Home)
H — Up Arrow ESC A (Cursor Up)
I —Page Up (not programmed)

K — Left Arrow ESC D (Cursor Left)

M — Right Arrow ESC C (Cursor Righrt)
O — End "END’

P — Down Arrow ESC B (Cursor Down)
Q — Page Down (not programmed)

R —Ins (not programmed)

S — Del DEL (ASCII delete)
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Get ADDR function D-21

Get DMA Base function D-33
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memory model, 8080 B-3
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X-4
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tokens 7-20

transient ucility 3-3
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