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Foreword

Concurrent CE/M®™ i3 a multi- or single-user operating system targeted specifically for
the Intel® S8086/8088/80 86 family of microprocessors. [t supports muliple CP/M program-
ming environments each implemented on a virtual console. A different task runs concurrently
in each environment.

This menual describes the invariant programming interface to Concurrent CB/M. [t sup-
ports the applications programmer who must create applications programs that run in the
Concurrent CP/M environment.

Section | offers an overview of the entire operating system.
Section 2 describes the structure of the Concurrent CP/M file system.

Section 3 explains the format, structure, and uses of transient commands in the Concurrent
CP/M environment.

Section 4 explains the creation of transient command files in the Concurrent CP/M envi-
ronment.

Section 5 documents the structure and creation of resident system processes or rerident
commend files permanently installed in the Concurrent CP/M environment.

Section 6 describes all the Concurrent CP/M system calls.
Concurrent CP/M is supported and documented through four manuals:

B The Concurrent CPIM Operating System User's Guide {hereinafter cited as Concurrent
CPIM User’s Guide) documents the user’s interface to Cancurrent CP/M, explaining
the various features used to execute applications programs and Digital Research utility
pragrams.

B The Corcurrent CPIM Operating System Programmer's Reference Guide (hereinafter
cited as Concurrent CPIM Programmer's Reference Guide) documents the applications
programmer’s interface to Concurrent CP/M, explaining the internal file structure
and system entry points, information that is essential for creating applications pro-
grams that run in the Concurrent CP/M environmeni.



B ‘The Concurrent CPIM Operating System Programmer’s Uttlitles Gulde (hereinafter
cited a3 Programmer's Ulilities Guide) documents the Digital Research utility pro-
grems that programmers use to write, debug, and verify applications programs written
for the Concurrent CF/M environment.

B The Concurrent CPIM Operating System System Guide (hereinafter cited az Concur-
rent CPIM System Guide) documents the internal, hardware-dependent structures of
Concurrent CP/M.
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Section 1
Concurrent CP/M System Overview

1.1 Introduction

Concurrent CP/M is a multi- or single-user, multitasking operating system that lets you
Tun multiple programs simultanecusly by initieting tasks on two or more terminals or virtual
consales. Applications programs have access to system calls used by Concurrent CP/M 1o
control the multiprogramming environment. As a result, Concusrent CP/M supports extended
features, such as communication among and synchronization of independently running processes,
Figure 1-1 depicts the relationships between applications programs, virtual environments,
wirtual consoles, and the user terminal.
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Figure 1-1. Concurrent CP/M Virtual/Physical Environments
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1.1 Hsivorimction Cascwrremt CP/M Prograuaser's Gubis

In the Concurrent CP/M environmsnt there is an important distinction between £ program
ekl & proceds. A progrem is simply e block of code residing somewhere in memory or on
disk; it is essentially static. A process, on the other hand, is a dynamic entity. You can think
of it as e logical machine that executes not only the program code, but also the operating
system roartines necessary to support the program’s functions.

When Congurrent CP/M loads a program, it creates 8 process associated with the loaded
program. Subsequently, it is the process, rather than the program, that obtaing access to the
systemn’s resources, Thus, Concurrent CP/M motitors the process, not the program. This
distinction is a subtle one, but vital to your understending of system operation a & whale.

Processes yunning under Concurrent CPM fall into two caiegories: iransient processss
end Rezident System Processes (RSPs}. Thaneient proceases run programs loaded inte mem-
ory from disk in response to a user cormmand or systern cells rnade by another procass.
Resident Systemn Processes run code that i a part of the operating system itself. RSPs
become an integral part of the operating systemn image during system genération, They are
irmediately available to perforin operating system tasks. For exarnple, the CLOCK process
Is an RSP that mainteins the time of day within the operating system.

The following liat briefly summarizes Concurrent CP/M™ capabilities.

W Interprocess communicetion, synchronization, snd mutnel sxclusion functions are
provided by system quenes.

B A logical interrupt mechanism vsing flegs allows Concurrent CP/M to interfiace with
any physicel interrupt structure.

E Systern timing functions enable processes running under Concurrent CP/M to com-
pute elapsed times, delay execution for specified intervals, and to sccess and set the
current dete and time.

® Shered file system allows multiple programs to access common data files whils
mainteining data integrity.

B Shered code support eliminates program loading of another copy of the same program
e conserves memory space.

m 8087 support takes advantage of fast 8087 math instructions.

B Virtual console handling lets a single user run multiple programs, each in its awn
console environment.

W Real-time process conirol allows communications arxd deta acquisition without loss
af information,

W DIGITAL RESEARCH®
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Comcurrest CP/M Programmer’s Guide L.} Introduction

Functionally, Concurrent CP/M is composed of several distinct modules, as shown in
Figure 1-2.
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Figure 1.2, Concarrent CP/M Functional Modules
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1.1 Imiredaciion Conewryeni CP/M Frograssser's Calde

N The Supervisor (SUP)

N The Real-time Monitor (RTM)

B The Memory Management Module (MEM)
B The Character I/'0 Module (CIO)

B The Virual Console Screen Manager

N The Basic Disk Operating System (BDOS)
N The Extended 170 System (XIOS)

N The Terminal Message Processor (TMF)

The SUP module haxdles miscellaneous syatem calls such as retwrming the version number
or the addrees of the Systern Data Area. SUP also calls other system calls when necessary.

The RTM module mozitors the execution of running processes and arbitrates conflicts for
the system's resources.

The MEM moduls zllocates and fress memery npon demand from executing processes.
The CIO moduls handles &1l charactar 10 for console and list devices in the system.

The Virtual Consols Screen Manager extends the CIO to suppost virtual console envi-
ronments.

‘The BDOS is the hardware-independent module thet contains the logioally invarlant portion
of the file systam for Concurrent CP/M. The BDOS fila systam s explained in detai] in
Section 2.

The XI0S is the hardware-dependent madule that defines the interface of Concurrent
CP/M to s spetific hardware environment. See the Concurrent CP/ M System Guide for
an explanation of the XI0S.

When Concurrent CP/M it executing a single program on a single virtual console, its
spesd mpproximates that of CP/M-86. But when multiple processes arc running on several
virtual consoles, the execution of each individual process slows according to the proportion
of /D to CPU resources it requires. A process that performs a larpe amount of O in
proportion to computing exhibits only minor speed degradation. This alao applies to a process
that performs e large amount of computing, but runs concurrently with other processes that
are largely I/O-bound. On the other hand, significant speed degradation occurs where more
than one compute-bound process is running.

EDIGITAL RESEARCH®
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Comcurrent CP/M Programmer’s Guide 1.2 Sapervisor (SUP)

1.2 Supervisor (SUP)

The Supervisor module (SUP) manages the interface between processes and the operating
systern kernel, It also manages inierna! communication between operating systern modules.
All system calls, whether they originate from = transient process or infernally from another
system module, go through a common table-driven function interface in SUP. SUP also
hendles the P_LOAD (Load Process) and P_CLI (Call Command Line Interpreter) systein
calls,

1.3 Real-time Monitor (RTM)

The Realtime Monitor (RTM) is the real-time multitasking nucleus of Concurrent
CP/M. The RTM performs process dispatching, queue management, flag management,
device polling, and system timing tasks. User programs can also call many of the RTM
system calls used to perform these tasks.

1.3.1 Process Dispatching

Although Concurrent CP/M is a multiprocess operating system, only one process has
access to the CPU resource at any given time. Unless you specifically write a program to
communicate or synchronize execution with other processes, a process is unaware of other
processes competing for system resources.

The primary task of the RTM is to transfer, or dispatch, the CPU rescurce from one
process to another, The RTM module called the Dispatcher performs this task., The RTM
meintains two data structures, the Process Descriptor (PD) and the User Data Area (UDA),
for each process running under Concurrent CP/M. The Dispaicher uses these data structures
to save and restore the current state of each running process.

Each process in the system resides in one of three states: ready, running, or suspended.
A ready process is one that is waiting for the CPU resource only. A running process is one
that the CPU is currently executing. A suspended process is one that is waiting for a system
resource or a specified event, such as the eccurrence of an interropt, an indication that polled
hardware is ready, or the expiration of a delay period.

Any existing process is represented on a system list. The Dispatcher removes a process
from one list and places it on another. The Process Descriptor of the currently runting
process is the first entry on the Ready List. Other processes ready to run are represented on
the Ready List in order of priority. Suspended processes ate on other system lists, depending
on why the processes were suspended.

0 DIGITAL RESEARCH®




1.3 Reaktime Moultor (RTM) Concurrent CP/M Programmer's Guide

A dispatch operstion can be sumnmarized as follows:

1. The Dispatcher suspends the process from execution and stores its current state in
the Process Descriptor and the UDA.

2. The Dispaicher places the process on an appropriate gystem list, depending on why
the Diispeicher was called. For example, if a process is to delay for & certain number
of sysiem ticks, its Process Descriptor is placed on the Deiay List. When 2 process
releases a resource, the process is usually pleced back on the Resdy List. If another
process is weiting for the rescurce, that process is taken off its current system list
and also placed on the Ready List.

3. The highest priority process on the Ready List is chosen for execution. If two or
more processes have the same priority, the process that has waited the longest exscutas
first,

4, The Dispatcher restores the state of the selected process from its Process Descriptor
and UDA, and gives it the CPU resource.

5. The process executes until it needs a busy resource, a resource needed by another
process becomes available, or an interrupt occurs. At this point, a dispatch occurs,
allowing enather process to run.

Only processes on the Ready List are eligible for selection during dispatch. By dafinition,
a process is on the Ready List if it is waiting only for the CFL resouree. Processes waiting
for other system resowces cannot sxecute unt] tw rescurces they require are svaileble.
Concurrent CP/M blocks a process from execution If It {8 waiting for:

N a queus message £o it can complets & Q_READ operation.

® space to bacome available in a queus so it ¢an complete 8 Q_WRITE operation.

W a console or list device to become available.

B a wpecified mumber of system clock ticks before it can be removed from the system
Delay List.

W ap /O event to complete,

These situations ere discusssd in greater detail in the following sections.

A running process not needing a resource and not releasing one runs until an interrupt
causes a dispatch. While not all interrupts cause dispatches, the system clock generates
interrupts every clock tick and forces a dispatch each time. Clock ticks usually oceur 60
limes a second (epproximately every 16.67 milliseconds), and allow time sharing within a
real-time environment.

BDIGTAL RESEARCH®



Concurrent CP/M Programmer's Gulde 1.3 Real-time Monktor (RTM)

Concurrent CP/M is a priority-driven system. This means that during a dispatch, the
operating system gives the CPU resource to the process with the best priority. The Dispatcher
ellots squal shares of the system’s resources to processes with the same priority. With priority
dispatching, the system never passes control ¢ a lower-priority process if there is a higher-
priorily process on the Ready List, Because high-priority, compute-bound processes tend 10
manopolize the CPU resource, it is best to reduce their priority 1o avoid degrading oversll
system performance.

1.3.2 Queve Management

Quenes perform several critical functions for processes running under Concurrent CP/M.
A process can use a queue for commwnicating with another process, synchronizing its
execution with that of another process, and for exclusion of other processes from protected
fysatem regources. A process can meke, open, delete, read from, or write to a queue with
system calls similar to those used to manage disk files.

Each system queue consists of two parts: the queve descriptor, and the queue buffer.
Concurrent CP/M implements these special data structures as memory files that contain
roorn for a specified number of fixed-length messages.

When the Q_MAKE system call creates & queue, this queue is assigned a unique 8-
character name. As the name queuc implies, messages are read from a queue on a first-in,
first-out basis.

A process can read from or write to a quene conditionally or unconditionally. If the queue
is empty when a conditional read is performed, or full when 2 conditional write is performed,
the system returns an error code to the calling process. On the other hand, if a process
attempts an unconditional queue operation in these circumstances, the system suspends it
from execution until the operation becomes possible.

More than one pracess can wait to read or write a queue message from the same queue
at the same time. When these operations become possible, the system restores the highest
priority process first; processes with the same priority are restored on a first-come, first-
served basis.

Mutuai exclusion queues are a special type of queue under Concurrent CP/M. They contain
one message of zero length and their names follow a convention, beginning with the upper-
case letters MX. A mutual exclusion quene acts as a binary semaphore, ensuring that only
Ofle process uses A resource at any time.
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Accesg to a resource protected by 2 motuzl exclusion queve takes place a3 follows:

1. A process issues an unconditional Q_READ call to the MX quene protecting the
resource, thereby suspending itself if the message is not availeble.

2. When the message becomes availeble, the process nccesses the protected resource.
Note that from the time the process issues the uncanditionel read, any other process
ettempling to access the same resource is suspended.

3. The process writes the zero-length message back to the quene when it has finished
using the protectsd resource, thus freeing the resource for other processes.

As an example, the system muts! exclusion quene, MXdisk, ensuves that processes cannot
accesg the file system simnltaneously. Note that the BDOS, not the application softwars,
executes the preceding series of queve calls. Therefore the mutusl exclusion process is

transparent to the programmer, who i only responsible for originating the disk system calls.

Mutral exclusion queuss differ from normal queues in another wey. When a process reads
& meszage from & mutual exclusion queue, the RTM notes the Process Descriptor address
within the Queue Descriptor. This estabiishes the owner of the queus message. If the operating
system ebaorts the process while it owns the mutual sxclosion message, the RTM atomnatically
writes the message back to all mutnal exclusion queues whose meszsages are owned by the
aborted process. This grants other processes access to protected resources owned by the
eborted process.

1.3.3 System Timing Functions

Concurrent CP/M’s timing system calls include keeping the time of day and delaying the
exccntion of a process for a specified period of time. An internel process called CLOCK
provides the time of day for the system, Thig process issues DEY._WATTFLAG system calls
on the system’s one second fiag, Flag 2. When the XIOS Tick Interrupt Handler sets this
fiag, it tnitiares the CLOCK process, which then Increments the internal time and date.

Subsequently, the CLOCK. process makes another DEV_WATTFLAG call and suspends
itseXf until the flag is set again. Concurrent CP/M provides system calls that allow yuu to
set and access the internal date and time, In addition, the fils systsm uses the internal time
and date o record when a file is updated, created, or last accessed.
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The P_DELAY system call replaces the typical programmed delay loop for delaying
process éxecution. P_DELAY requires that Flag 1, the system tick flag, be set approximately
every 16.67 milliseconds, or 60 times a second; the XIOS Tick Interrupt Handler also sets
this flag. When a process makes 8 P_DELAY system call, it specifies the mimber of ticks
for which the operating system is to suspend it from execution. The system maintains the
address of the Process Descriptor for the process on &n internal Delay List along with its
current delay tick count. When & DEV_SETFLAG call occurs, setting Flag 1, the tick count
is decremented. When the delay count goes to zero, the sysiem removes the process from
the Delay List and places it on the Ready List.

Note: The length of a tick might vary from installation to installation. For instance, in
Europe, & tick is commonly 20 milliseconds, yielding 50 ticks per second. The description
of the P_DELAY system call in Section 6 describes how to determine the correct number
of ticks to delay 1 second.

1.4 Memory Module (MEM)

Concurrent CP/M supporis an extended, fixed partition model of memory management;
the Memory Module handles all memory management system calls. In practice, the exact
method that the operating system uses to allocate and free memory is transparent to the
application program. Therefore you should take care to write code independent of the memory
management model; use only the Concurrent CP/M specific memory system calls described
in Section 6.

1.5 Basic Disk Operating System (BDOS)

Except for auxiliary device support, Concurrent CP/M BDOS is an upward-compatible
version of the single-tasking CP/M-86 BDOS. It handles file creation and deletion, facilitates
sequentiel or rendom file aceess, and allocates and frees disk space. In most cases, CP/M-86
programs that make BDOS calls for /O can run under Concurrent CP/M without modifi-
cation. Concurrent CP/M's BDOS is extended to provide support for multiple virtual consoles
and list devices. In addition, the file system is extended to provide services required in a
mulidtasking environment. The major extensions to the file system are

B File locking. Files opened under Concurrent CP/M cannot be opened or deleted by
other tasks. This feature prevents accidental conflicts with other tasks.
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¥ Shered eccess Io files. As B special option, independent users can open the same file
in ghared or unlocked mode. Concurrent CP/M supports record locking and unlocking
commands for filas opened in this mode and protects files opened in shared mode
from deletion by other tasks.

¥ Degre Stamps. The BDXOS optionally supports twa time and date stamps, one recording
when a file is updated, and the other recording when the file was crested or last
acceased.

B Password Protection. The password protaction feature is optional at either the file or
drive level. The operator or applicarions progrem assigna disk drive passwords, while
application programs can assign file protection passwords in several modes.

M Extended Error Module. Besides the defanlt error mode, Concurrent CP/M has two
optional error-hendling maodes that return an errar code to the calling process in the
avent of an unrecoverable disk error.

1.6 Character I/0 Module (CIO)

The Chamcter IO maodule handles all console and list /0. Under Concurrent CP/M, every
charecter /O device is associated with a dats structure called a Console Control Block (CCB)
or a List Control Block (LCB). These data structures redide in the X108, The CCB contains
the surren: owner, status informetion, line editing varishiss, and the root of & Hnked list of
Procesas Descriptors (PDw) that are waifing for sccess. More than one process oan wait for
access to n single console. These processes are maintained on a linked list of Process
Descriptors in priomity order, The LCBs contain similar information about the list devices.
Ses the Concurrent CPIM System Guide for more information sbout LCBs and CCBs,

1.7 Virtnal Console Screen Mapagement

Virtual console acresn management is coordinated by four separate modules: the CIO,
the FIN (Physical INput) and VOUT (Virtual QUTput) processes, and the XTOS. The line
editing associated with the C_RBADSTR call is performed in the CIO. The PIN process
handles keyboard input for all the virtual consoles; it a1s0 treps end implements the CTRL-C,
CTRL-S, CTRL-Q, CTRL-P, and CTRL-O functions. The YOUT process spools consols
ocutput from processes running on background buffered mode consoles, end handshakes with
the PIN process to display spooled conscle cutpnt when the backgroond console is brought
to the foreground. The XiOS decides which special keys represent the virtual consoles, and
returns a speciel code from IO_CONIN when you request a screen switch. The XIOS also
implements any screen seving and restoring when scresns are switched. See the Concurrent
CPI/M Systermz Guide and the discussion of the ID_SWITCH function.
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The PIN process reads the keyboard by directly calling the XIO8 IO_CONIN function,
This is the only place in the operating system IO_CONIN is called. The PIN scans the input
stream from the keyboard for switch screen requests and the special function keystrokes
CTRL-C, CTRL-8, CTRL-Q, CTRL-P, and CTRL-O. All other keyboard input is written
to the VINQ (Virtual Console INput Queue) associated with the foreground virtual console.
The data in the VINQ becomes a type-ahead buffer for each virtual console, and is returned
to the process attached to that console as it performs console input.

When PIN sees o CTRL-C it calls P_ABORT to abort the process attached to the virtnal
censole, flushes the type-ghead buffer in the VINGQ, turns off CTRL-S, and performs a
DRV_RESET call for each logged-in drive. The P_ABORT call succeeds when the Process
Keep flag is not on, saving the Terminel Message Processes (refer to P_CREATE for
information on the process descriptor). The DRY_RESET calls affect only the removable
media drives, as specified in the CKS field of the Disk Parameter Blocks in the XIOS (refer
1o the Concurrent CPiM System Guide for further details on Disk Parametsr Blocks).

CTRL-S stops eny ocutput to the screen. CTRL-S siays set when a virtual console is
switched to the background.

CTRL-O discards any console output to the virtual console. CTRL-O is turned off when
any other key is subsequently pressed, except for the keys representing the virtual consoles.

CTRL-P echoss console output to the default list device specified in the LIST field of the
process descriptor attached to the vartual console. [f the list device is attached to a progess,
a PRINTER BUSY message appears.

All of the above control keys can be disabled by the C_MODE call. When one of the
above control characters is disabled with C_MODE or when the process owning the virtual
console is nsing the C_RAWTO call, the PIN does not act on the control character but instead
wriles it to the VINQ. It is thus possible to read any af the above control characters from
an application program. These contro! keys are discussed in depth in the Concurrens CP/IM
User’s Guide.

1.8 Extended Imput/Qutput System (XIOS)

The XIOS medule is similar to the CP/M-86 Basic Input/Qutput System (BIOS) module,
but it is extended in several ways. Primitive operations, soch as console I/O, are modified
to support multiple virtual consoles. Several new primitive system calls, such as
DEV_POLL, support Concurrent CP/M's additional features, including elimination of wait
leaps for realtime [/O operations.
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1.9 Terminal Message Processes (TMP)

The Concurrent CP/M Terminal Message Processes (TMPz) are resideit system processes
that eccept corumand lines from the virtual consoles and call the Comrnand Line Interpreter
{CLI) 10 execute them. The TMP prints the prompt on the virtual congoles.

Each virtual console has an independent TMF defining that congole’s environment, includ-
ing defsult disk, user munber, printer, and console.

1.10 Transient Programs

Under Concurrent CP/M, a transient program is one that i not system-resident. The
systern must load snch programs from disk into availabls memary esch time they execute,
The command file of a transisnt program iz identified by the filetype CMD. When you enter
a command at the console, the operating gystem searches on disk for the appropriate CMD
file, loads it, and initiates it. Concurrent CP/M supports three different execntion models
for transient programs: the 8080 Model, the Smell Model, and the Compact Model.
Sections 4.1.1 through 4.1.3 déscribe these models in datail.

1.11 System Call Calling Conventions
When a Concurrent CP/M process makes a system cell, it loads velues into the registers

shown in Table 1-1 and initiates Interrupt 224 (via the INT 224 instruction), reserved by
the [ntel Corporation for this purpose.
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Table 1-1. Registers Used by System Calls
ENTRY PARAMETERS

Register CL: System Call Number
DL: Byte Parameter
or
DX: Word Parameter
or
DX: Address - Offset
DS: Address - Segment

RETURN VALUES

Register AL: Byte Return
or
AX: Word Return
ar
AX:  Address - Offset
ES:  Address - Segment

BX: Sameas AX
CX: Error Code

Concurrent CP/M preserves the contents of registers SI, DI, BE, SP, 88, DS, and CS
through the operating system calls. The ES register is preserved when it is not used to hold
a refurn scgment value. Error codes returned in CX are shown in Table 6-5, CX Error Codes.

1.12 SYSTAT: System Status

The SYSTAT utility is a development tool that shows the internal state of Concurrent
CP/M. SYSTAT describes memory allocation, current processes, system queue activity,
and many informative parameters associated with these systemn data structures. Further-
more, SYSTAT presents twa views: either & static snapshot of system activity, or a
continuous, real-time window into Concurrent CP/M.
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