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Foreword

CP/M® 3 is a microcomputer operating system designed for the Intel® 8080, Intel
8085, or other compatible microprocessor. To run CP/M 3, your computer must
have an ASCII console, which includes a keyboard and screen, or another display
device, from one to sixteen disk drives and a minimum of 32K of memory space. To
support additional memory beyond the 64K addressing limit of the processors listed
above, CP/M 3 can also support bank-switched memory. The minimum memory
requirement for a banked system is 96K.

This manual describes the programming environment of CP/M 3, and is written
for experienced programmers who are writing application software in the CP/M 3
environment. It assumes you are familiar with the system features and utilities described
in the CP/M Plus (CP/M Version 3) Operating System User’s Guide and the
Programmer’s Utilities Guide for the CPIM Family of Operating Systems. It also
assumes that your CP/M 3 system has been customized for your computer’s hard-
ware and is executing as described in the CP/M Plus (CP/IM Version 3) Operating
System User’s Guide. If you need to customize your system, please refer to the CP/M
Plus (CP/M Version 3) Operating System System Guide.

Section 1 of this manual describes the components of the operating system, where
they reside in memory, and how they work together to provide a standard operating
environment for application programs. Section 2 describes how an application pro-
gram can call on CP/M 3 to perform serial input and output and manage disk files.
Section 3 provides a detailed description of each operating system function. Section
4 presents example programs.

The CP/M Plus (CP/M Version 3) Operating System Programmer’s Guide contains
five appendixes. Appendix A describes the CP/M 3 System Control Block, and defines
its fields. Appendix B supplies the format for the Page Relocatable Program. Appen-
dix C tells you how to generate System Page Relocatable files. Appendix D lists the
ASCII Symbol Table, and Appendix E summarizes BDOS functions.
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Section 1
Introduction to CP/M 3

This section introduces you to the general features of CP/M 3 with an emphasis
on how CP/M 3 organizes your computer’s memory. The section begins by describing
the general memory organization of banked and nonbanked systems and defines the
programming environment they have in common. It then shows how CP/M 3 defines
memory space into standard regions for operating system modules and executing
programs. Subsequent paragraphs describe the components of the operating system,
how they communicate with each other and the application program, and in greater
detail where each component and program is located in memory. After a brief intro-
duction to disk organization, the final section gives examples of system operation.

CP/M 3 is available in two versions: a version that supports bank-switched mem-
ory, and a version that runs on nonbanked systems. CP/M 3 uses the additional
memory available in banked systems to provide functions that are not present in the
nonbanked version. For example, the banked version of CP/M 3 supports file pass-
words; the nonbanked version does not. However, because a nonbanked system
treats passwords the same way as a banked system does when password protection
is not enabled, an application program can run under either system without modifi-
cation.
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1.1 Banked/Nonbanked Organization CP/M 3 Programmer’s Guide

1.1 Banked and Nonbanked Memory Organization

The memory organization for a nonbanked CP/M 3 system is very simple, as
shown in Figure 1-1.

TOP OF MEMORY ™/
BUFFERS
o.s.
TPA
LOW MEMORY
(O000H) » AN 064

Figure 1-1. Nonbanked System Memory Organization

In the nonbanked organization, physical memory consists of a single, contiguous
region addressable from 0000H up to a maximum of OFFFFH (64K-1). The shaded
region below the operating system represents the memory space available for the
loading and execution of transient programs. The clear area above the operating
system represents space that GENCPM can allocate to the operating system for disk
record buffers and directory hash tables, as described in the CP/M Plus (CP/IM Ver-
sion 3) Operating System System Guide. The minimum size of this area is determined
by the specific hardware requirements of the host microcomputer system.
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CP/M 3 Programmer’s Guide 1.1 Banked/Nonbanked Organization

To expand memory capacity beyond the 64K address space of an 8-bit micropro-
cessor, CP/M 3 supports bank-switched memory in a special version called the banked
system. In the banked version, the operating system is divided into two modules: the
resident portion and the banked portion. The resident portion resides in common
memory; the banked portion resides just below the top of banked memory in Bank 0.
Figure 1-2 shows memory organization under the banked system.

TOP OF MEMORY »

BUFFERS
0..
(COMMON) —
TOP OF BANKED » |
MEMORY BANKED
0.S.
(BANK SWITCHED) —
LOW MEMORY | Lo % A~~~
(0000H) » L
BANK 0 BANK 1 BANK N

Figure 1-2. Banked System Memory Organization

In Figure 1-2, Bank 0 is switched in or in context. The top region of memory, the
common region, is always in context; that is, it can always be referenced, no matter
what bank is switched in. Figure 1-3 shows memory organization when Bank 1 is in
context.
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TOP OF MEMORY » —

BUFFERS
0.S.
(COMMON)
TOP OF BANKED » — -
MEMORY BANKED
0.S.
(BANK SWITCHED) -
Mw
(0000H) ™ —
BANK 0 BANK 1 BANK N

AN 065

Figure 1-3. Banked Memory with Bank 1 in Context

From a transient program’s perspective, Bank 1 is always in context. The operating
system can switch to Bank O or other banks when performing operating system
functions without affecting the execution of the transient program. Any bank-switch-
ing performed by the operating system is completely transparent to the calling pro-
gram. Because the major portion of the operating system resides in Bank 0 in banked
systems, more memory space is available for transient programs in banked CP/M 3
systems than in nonbanked systems.

The operating system uses the clear areas in Figures 1-2 and 1-3 for disk record
buffers and directory hash tables. The clear area in the common region above the
operating system represents space that can be allocated for data buffers by GENCPM.
Again, the minimum size of this area is determined by the specific hardware require-
ments of the host microcomputer system.
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CP/M 3 Programmer’s Guide 1.1 Banked/Nonbanked Organization

The banked version of CP/M 3 requires a minimum of two banks, Bank 0 and
Bank 1, and can support up to 16 banks of memory. Bank numbers are generally
arbitrary with the following exceptions: Bank 0 is the system bank and is in context
when CP/M 3 is started. Bank 1 is the transient program bank, and must be contig-
uous from location zero to the top of banked memory. This requirement does not
apply to the other banks. However, common memory must be contiguous.

The size of the common region is typically 16K. The only size requirement on the
common region is that it must be large enough to contain the resident portion of the
operating system. The maximum top of memory address for both banked and non-
banked systems is 64K-1 (OFFFFH).

In summary, no matter how physical memory is configured, or whether the oper-
ating system is banked or nonbanked, CP/M 3 always organizes memory logically so
that to a transient program in any CP/M 3 system, memory appears as shown in
Figure 1-4.

TOP OF MEMORY »

BUFFERS

o.sS.

7

/',/// 7, // /
LOW MEMORY //////// 7

(0000H) » anost

Figure 1-4. CP/M 3 Logical Memory Organization

1.2 System Components

Functionally, the CP/M 3 operating system is composed of distinct modules. Tran-
sient programs can communicate with these modules to request system services. Fig-
ure 1-5 shows the regions where these modules reside in logical memory. Note that
from the transient program’s perspective, Figure 1-5 is just a more detailed version
of Figure 1-4.
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1.2 System Components CP/M 3 Programmer’s Guide

HIGH MEMORY:

BIOS : BASIC INPUT/OUTPUT SYSTEM
BIOS_BASE:

BDOS : BASIC DISK OPERATING SYSTEM
BDOS_BASE:

LOADER : PROGRAM LOADER MODULE

LOADER_BASE:
RSX(s) : RESIDENT SYSTEM EXTENSIONS

RSX_BASE:
TPA : TRANSIENT PROG/RA>M AREA
CCP : CONSOLE COMMAND PROCESSOR
0100H:
PAGE ZERO
0000H: AN 063

Figure 1-5. System Components and Regions in Logical Memory

The Basic Input/Output System, BIOS, is a hardware-dependent module that defines
the low-level interface to a particular computer system. It contains the device-driving
routines necessary for peripheral device I/O.

The Basic Disk Operating System, BDOS, is the hardware-independent module that
is the logical nucleus of CP/M 3. It provides a standard operating environment for
transient programs by making services available through numbered system function
calls.

The LOADER module handles program loading for the Console Command Proces-
sor and transient programs. Usually, this module is not resident when transient pro-
grams execute. However, when it is resident, transient programs can access this
module by making BDOS Function 59 calls.

Resident System Extensions, RSXs, are temporary additional operating system

modules that can selectively extend or modify normal operating system functions.
The LOADER module is always resident when RSXs are active.

DIGITAL RESEARCH™

1-6



CP/M 3 Programmer’s Guide 1.2 System Components

The Transient Program Area, TPA, is the region of memory where transient pro-
grams execute. The CCP also executes in this region.

The Console Command Processor, CCP, is not an operating system module, but is
a system program that presents a human-oriented interface to CP/M 3 for the user.

The Page Zero region is not an operating system module either, but functions
primarily as an interface to the BDOS module from the CCP and transient programs.
It also contains critical system parameters.

1.3 System Component Interaction and Communication

This section describes interaction and communication between the modules and
regions defined in Section 1.2. The most significant channels of communication are
between the BDOS and the BIOS, transient programs and the BDOS, and transient
programs and RSXGs.

The division of responsibility between the different modules and the way they
communicate with one another provide three important benefits. First, because the
operating system is divided into two modules—one that is configured for different
hardware environments, and one that remains constant on every computer—CP/M 3
software is hardware independent; you can port your programs unchanged to differ-
ent hardware configurations. Second, because all communication between transient
programs and the BDOS is channeled through Page Zero, CP/M 3 transient programs
execute, if sufficient memory is available, independent of configured memory size.
Third, the CP/M 3 RSX facility can customize the services of CP/M 3 on a selective
basis.

1.3.1 The BDOS and BIOS

CP/M 3 achieves hardware independence through the interface between the BDOS
and the BIOS modules of the operating system. This interface consists of a series of
entry points in the BIOS that the BDOS calls to perform hardware-dependent primi-
tive functions such as peripheral device I/O. For example, the BDOS calls the CONIN
entry point of the BIOS to read the next console input character.

A system implementor can customize the BIOS to match a specific hardware envi-
ronment. However, even when the BIOS primitives are customized to match the host
computer’s hardware environment, the BIOS entry points and the BDOS remain
constant. Therefore, the BDOS and the BIOS modules work together to give the CCP
and other transient programs hardware-independent access to CP/M 3’s facilities.

DIGITAL RESEARCH™
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1.3.2 Applications and the BDOS

Transient programs and the CCP access CP/M 3 facilities by making BDOS func-
tion calls. BDOS functions can create, delete, open, and close disk files, read or write
to opened files, retrieve input from the console, send output to the console or list
device, and perform a wide range of other services described in Section 3,“BDOS
Functions.”

To make a BDOS function call, a transient program loads CPU registers with
specific entry parameters and calls location 0005H in Page Zero. If RSXs are not
active in memory, location 000SH contains a jump instruction to location
BDOS_base + 6. If RSXs are active, location 0005H contains a jump instruction to
an address below BDOS_base. Thus, the Page Zero interface allows programs to run
without regard to where the operating system modules are located in memory. In
addition, transient programs can use the address at location 0006H as a memory
ceiling.

Some BDOS functions are similar to BIOS entry points, particularly in the case of
simple device I/O. For example, when a transient program makes a console output
BDOS function call, the BDOS makes a BIOS console output call. In the case of disk
/O, however, this relationship is more complex. The BDOS might call many BIOS
entry points to perform a single BDOS file I/O function.

Transient programs can terminate execution by jumping to location 0000H in the
Page Zero region. This location contains a jump instruction to BIOS_base + 3, which
contains a jump instruction to the BIOS warm start routine. The BIOS warm start
routine loads the CCP into memory at location 100H and then passes control to it.

The Console Command Processor is a special system program that executes in the
TPA and makes BDOS calls just like an application program. However, the CCP has
a unique role: it gives the user access to operating system facilities while transient
programs are not executing. It includes several built-in commands, such as TYPE and
DIR, that can be executed directly without having to be loaded from disk. When the
CCP receives control, it reads the user’s command lines, distinguishes between built-
in and transient commands, and when necessary, calls upon the LOADER module to
load transient programs from disk into the TPA for execution. Section 1.6.2 describes
CCP operation in detail.

DIGITAL RESEARCH™
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1.3.3 Applications and RSXs

A Resident System Extension is a temporary additional operating system module.
An RSX can extend or modify one or more operating system functions selectively.
As with a standard BDOS function, a transient program accesses an RSX function
through a numbered function call.

At any one time there might be zero, one, or multiple RSXs active in memory.
When a transient program makes a BDOS function call, and RSXs are active, each
RSX examines the function number of the call. If the function number matches the
function the RSX is designed to extend or modify, the RSX performs the requested
function. Otherwise, the RSX passes the function request to the next RSX. Noninter-
cepted functions are eventually passed to the BDOS for standard execution.

RSXs are loaded into memory when programs containing RSXs are loaded. The
CP/M 3 utility, GENCOM, can attach RSXs to program files. When attaching RSXs,
GENCOM places a special one page header at the beginning of the program file. The
CCP reads this header, learns that a program has attached RSXs, and loads the RSXs
accordingly. The header itself is not loaded into memory; it merely indicates to the
CCP that RSX loading is required.

The LOADER module is a special type of RSX that supports BDOS function 59,
Load Overlay. It is always resident when RSXs are active. To indicate RSX support
is required, a program that calls function 59 must have an RSX header attached by
GENCOM, even if the program does not require other RSXs. When the CCP
encounters this type of header in a program file when no RSXs are active, it sets the
address at location 0006H in Page Zero to LOADER_base+6 instead of
BDOS_base + 6.

1.4 Memory Region Boundaries
This section reviews memory regions under CP/M 3, and then describes some
details of region boundaries. It then relates the sizes of various modules to the space

available for the execution of transient programs. Figure 1-6 reviews the location of
regions in logical memory.

DIGITAL RESEARCH™
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HIGH MEMORY:
BIOS : BASIC I/0 SYSTEM
BIOS_BASE:
BDOS : BASIC DISK OPERATING SYSTEM
BDOS_BASE:

LOADER : PROGRAM LOADER MODULE
LOADER_BASE:

RSX(1) : RESIDENT SYSTEM EXTENSION

[ ]
[ ]
o
RSX(N) : RESIDENT SYSTEM EXTENSION
RSX(N)_BASE:
TPA - TRANSIENT PROGRAM AREA
I
AccP : CONSOLE COMMAND PROCESSOR
0100H:
PAGE ZERO
OOOOHI AN 066

Figure 1-6. System Modules and Regions in Logical Memory

First note that all memory regions in CP/M 3 are page-aligned. This means that
regions and operating system modules must begin on a page boundary. A page is
defined as 256 bytes, so a page boundary always begins at an address where the low-
order byte is zero.

The term High Memory in Figure 1-6 denotes the high address of a CP/M 3
system. This address may fall below the actual top of memory address if space above
the operating system has been allocated for directory hashing or data buffering by
GENCPM. The maximum top of memory address for both banked and nonbanked
systems is 64K-1 (OFFFFH).

The labels BIOS_base, BDOS_base, and LOADER _base represent the base addresses
of the operating system regions. These addresses always fall on page boundaries. The
size of the BIOS region is not fixed, but is determined by the requirements of the
host computer system.

DIGITAL RESEARCH™
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CP/M 3 Programmer’s Guide 1.4 Region Boundaries

The size of the BDOS region differs for the banked and nonbanked versions of
CP/M 3. In the banked version, the resident BDOS size is 6 pages, 1.5K. In the
nonbanked system, the BDOS size ranges from 31 pages, 7.75K, to 33 pages, 8.25K,
depending on system generation options and BIOS requirements.

RSXs are page aligned modules that are stacked in memory below LOADER_base
in memory. In the configuration shown in Figure 1-6, location 0005H of Page Zero
contains a jump to location RSX(N)_base + 6. Thus, the memory ceiling of the TPA
region is reduced when RSXs are active.

Under CP/M 3, the CCP is a transient program that the BIOS loads into the TPA
region of memory at system cold and warm start. The BIOS also loads the LOADER
module at this time, because the LOADER module is attached to the CCP. When the
CCP gains control, it relocates the LOADER module just below BDOS_base. The
LOADER module handles program loading for the CCP. It is three pages long.

The maximum size of a transient program that can be loaded into the TPA is
limited by LOADER_base because the LOADER cannot load a program over itself.
Transient programs may extend beyond this point, however, by using memory above
LOADER_base for uninitialized data areas such as I/O buffers. Programs that use
memory above BDOS_base cannot make BDOS function calls.

1.5 Disk and Drive Organization and Requirements

CP/M 3 can support up to sixteen logical drives, identified by the letters A through
P, with up to 512 megabytes of storage each. A logical drive usually corresponds to
a physical drive on the system, particularly for physical drives that support remova-
ble media such as floppy disks. High-capacity hard disks, however, are commonly
divided up into multiple logical drives. Figure 1-7 illustrates the standard organiza-
tion of a CP/M 3 disk.
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TRACK M

CP/M 3 DATA REGION
DATA TRACKS

CP/M 3 DIRECTORY REGION

TRACK N
CCP (OPTIONAL)

SYSTEM TRACKS CPMLDR

COLD BOOT LOADER

TRACK O AN 067

Figure 1-7. Disk Organization

In Figure 1-7, the first N tracks are the system tracks. System tracks are required
only on the disk used by CP/M 3 during system cold start or warm start. The
contents of this region are described in Section 1.6.1. All normal CP/M 3 disk access
is directed to the data tracks which CP/M 3 uses for file storage.

The data tracks are divided into two regions: a directory area and a data area. The
directory area defines the files that exist on the drive and identifies the data space
that belongs to each file. The data area contains the file data defined by the directory.
If the drive has adequate storage, a CP/M 3 file can be as large as 32 megabytes.

The directory area is subdivided into sixteen logically independent directories. These
directories are identified by user numbers 0 through 15. During system operation,
CP/M 3 runs with the user number set to a single value. The user number can be
changed at the console with the USER command. A transient program can change
the user number by calling a BDOS function.

The user number specifies the currently active directories for all the drives on the
system. For example, a PIP command to copy a file from one disk to another gives
the destination file the same user number as the source file unless the PIP command
is modified by the [G] option.
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The directory identifies each file with an eight-character filename and a three-
character filetype. Together, these fields must be unique for each file. Files with the
same filename and filetype can reside in different user directories on the same drive
without conflict. Under the banked version of CP/M 3, a file can be assigned an
eight-character password to protect the file from unauthorized access.

All BDOS functions that involve file operations specify the requested file by file-
name and filetype. Multiple files can be specified by a technique called ambiguous
reference, which uses question marks and asterisks as wildcard characters to give
CP/M 3 a pattern to match as it searches the directory. A question mark in an
ambiguous reference matches any value in the same position in the directory filename
or filetype field. An asterisk fills the remainder of the filename or filetype field of the
ambiguous reference with question marks. Thus, a filename and filetype field of all
question marks, ?2?22?22222.2??, equals an ambiguous reference of two asterisks, *.*,
and matches all files in the directory that belong to the current user number.

The CP/M 3 file system automatically allocates directory space and data area space
when a file is created or extended, and returns previously allocated space to free
space when a file is deleted or truncated. If no directory or data space is available for
a requested operation, the BDOS returns an error to the calling program. In general,
the allocation and deallocation of disk space is transparent to the calling program.
As a result, you need not be concerned with directory and drive organization when
using the file system facilities of CP/M 3.

1.6 System Operation

This section introduces the general operation of CP/M 3. This overview covers
topics concerning the CP/M 3 system components, how they function and how they
interact when CP/M 3 is running. This section does not describe the total function-
ality of CP/M 3, but simply introduces basic CP/M 3 operations.

For the purpose of this overview, CP/M 3 system operation is divided into five
categories. First is system cold start, the process that begins execution of the operat-
ing system. This procedure ends when the Console Command Processor, CCP, is
loaded into memory and the system prompt is displayed on the screen. Second is the
operation of the CCP, which provides the user interface to CP/M 3. Third is transient
program initiation, execution and termination. Fourth is the way Resident System
Extensions run under CP/M 3. The fifth and final category describes the operation of
the CP/M 3 SUBMIT utility.
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1.6.1 Cold Start Operation

The cold start procedure is typically executed immediately after the computer is
turned on. The cold start brings CP/M 3 into memory and gives it control of the
computer’s resources. Cold start is a four-stage procedure.

In the first stage, a hardware feature, or ROM-based software associated with
system reset, loads a small program, called the Cold Boot Loader, into memory from
the system tracks of drive A (see figure 1-6). The Cold Boot Loader is usually 128 or
256 bytes long.

The Cold Boot Loader performs the second stage of the cold start process. It loads
the CP/M 3 loader program, CPMLDR, into memory from the system tracks of the
system disk and passes control to it. During this stage, the Cold Boot Loader can
also perform other tasks, such as initializing hardware dependent I/O ports.

CPMLDR performs the third stage in the cold start process. First, it reads the
CPM3.SYS file from the data area of the disk. The CPM3.SYS file, which is created
by the CP/M 3 system generation utility GENCPM, contains the BDOS and BIOS
system components and information indicating where these modules are to reside in
memory. Once CPMLDR has loaded the BDOS and BIOS into memory, it sends a
sign-on message to the console and passes control to the BIOS Cold Boot entry point.
If specified as a GENCPM option, CPMLDR can also display a memory map of the
CP/M 3 system.

CPMLDR is a small, self-contained version of CP/M 3 that supports only console
output and sequential file input. Consistent with CP/M 3’s organization, it contains
two modules, an invariant CPMLDR_BDOS, and a variant CPMLDR_BIOS that is
adapted to match the host microcomputer hardware environment. Cold start initiali-
zation of 1/O ports and similar functions can also be performed in the CPMLDR_BIOS
module during the third stage of cold start.

In the banked version of CP/M 3, these first three stages of the cold boot procedure
are performed with Bank 0 in context. The BIOS Cold Start function switches in
Bank 1 before proceeding to stage four.

DIGITAL RESEARCH™
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The fourth and final stage in the cold start procedure is performed by the BIOS
Cold Start function, Function 0. The entry point to this function is located at
BIOS_base as described in Section 1.4. The BIOS Cold Start function begins by
performing any remaining hardware initialization, and initializing Page Zero. To
initialize Page Zero, the BIOS Cold Start function places a jump to BIOS_base + 3,
the BIOS Warm Start entry point, at location 0000H, and a jump to BDOS_base +6,
the BDOS entry point, at location 0005H in memory.

The BIOS Cold Start function completes the fourth stage by loading the CCP into
the TPA region of memory and passing control to it. The CCP can be loaded from
one of two locations. If there is sufficient space in the system tracks for the CCP, it
is usually loaded from there. If there is not enough space in the system tracks, the
BIOS Cold Start function can read the CCP from the file CCP.COM.

On some banked systems, the CCP is also copied to an alternate bank, so that
warm start operations can copy the CCP into the TPA from memory. This speeds up
the system warm start operation, and makes it possible to warm start the system
without having to access a system disk.

When the CCP gains control, it displays a prompt that references the default disk.
If a PROFILE.SUB submit file is present on the default drive, the CCP executes this
submit file before prompting the user for a command.

At this point, the cold start procedure is complete. Note that the user number is
set to zero when CP/M 3 is cold started. However, the PROFILE submit file can set
the user number to another value if this is desirable.

The cold start procedure is designed so that the system tracks need to be initialized
only once. This is accomplished because the system track routines are independent of
the configured memory size of the CP/M 3 system. The Cold Boot Loader loads
CPMLDR into a constant location in memory. This location is chosen when the
system is configured. However, CPMLDR locates the BDOS and BIOS system com-
ponents in memory as specified by the CPM3.SYS file. The CCP always executes at
location 100H in the TPA. Thus, CP/M 3 allows the user to generate a new system
with GENCPM, and then run it without having to update the system tracks of the
system disk.
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