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Foreword 

Concurrent CP/M ~ is a multi- or single-user operating system targeted specifically for 
the Intel ® 8086/8088180186 family of microprocessors. It supports multiple CP/M program- 
ming environments each implemented on a virtual console. A different task runs concurrently 
in each environment. 

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

Section 1 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/lVI environment. 

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

Section 5 documents the structur¢ and creation of resident system processes or resident 
command 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: 

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

• The Concurrent 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 environment. 
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• The Concurrent CP/M Operating System Programmer's Utilities Guide ( h e ~  
cited u Progmmmer'a Utilities Guide) documents the Digital Research utility prv- 
grm~ that ~ use to write, debug, and verify applications progrants written 
for the Concurrent CP/M environment. 

• The Concurrent CP/M Operating 5~ystem System Guide (hereinafter cited as Concur- 
rent CP/M System Guide) documents the internal, hardware-d~pendent structures of 
Concurrent CP/M. 
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Section 1 
Concurrent CP/M System Overview 

1,1 I n t r o d u c t i o n  

Concurrent CP/M is a multi- or single-meG multitasking operating system that lets you 
run multiple programs simultaneously by initiating tasks on two or more terminals or virtual 
consoles. Applications programs have access to system calls used by Concurrent CP/M to 
control the multiprogramming environment. As a result, Concurrent CP/M supports extended 
features, such as commmi~on  amo~ and s ~ ' m  of ~ y  running processes. 
Figure 1-1 depicts the relationships between applications programs, virtual environments, 
virtual consoles, and the user terminal. 
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Figure 1-1. 
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Concurrent CP/M Virtual/Physical Environments 
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~ C~/~ P r s v m m f ' s  ~ 

In the Concurrent CP/M ~vironm~t  there is an important distinction between a program 
and a process. A program k simply a block of code r=siding 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 a logical rn~hine that executes not only the prognun code, but also the operating 
system routines necesmry to support the program's functions, 

When Concurrent CP/M loads a program, it cmttcs a process associated with the loaded 
program. Subsequently, it is the process, hither than the program, flat obtains access to the 
system's resources. Thus, Concurrent CP/M monitors the process, not the program. This 
distinction is a subtle one, but vital to your und~tanding of system operation as a whole. 

Processes running under Concurrent CP/M fall into two categories: transient processes 
and Resident System Processes (RSPs), ~ i ~ n t  processes run programs loaded into mem. 
ory from d /~  in response to a mser command or system calls made by anofl~r process, 
Resident System Processes run code that is a part of the operating system itself. RSPs 
become an integral part of the o ~  system image during system get.ration. They are 
immediately available to perform operating system tasks, l~or example, the CLJ~K proceu 
is an RSP that maintains the time of day within the operating system. 

The following list briefly summarizes Concurrent CP/M's capabilities. 

[] Inte..prooess umuamieattion, s ~ n r  md mutual ~cl,,.ion fu~tions 
provided by system queues. 

• A logical inm'rulX mechanism using flags allows Concurrent CP/M to inte~ace with 
any physical interrupt slz'ucturc. 

• S~tem timing functions enable processes running under Concurrent CP/M to com- 
pute elapsed times, delay executioa for specified intervals, and to soceu and set the 
current date and time. 

• Shared file system allows multiple progrsxns to sccem common data flies while 
maintaining data integrity. 

• Shared code support eliminates program loading of another copy of the same program 
and conserves memory space. 

• 8087 support takes advantage of fast 8087 math instructions. 

• Virtual console handling lets a single user run multiple progren~, each in its own 
console environment. 

• Real-time process control allows communications and data acquisition without loss 
of information. 

m I~721"AL I ~ . ~ . H  s 
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CP/M Presnmma"s 

Functionally, Concurrent CP/M is composed of several 
Figure 1-2. 

1.1 

distinct modules, as shown in 
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Figure 1-2. Concurrent CP/M Functional Modules 
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C4m~'ml CP/M ~, .e. J ~Ca~i~ 

" The Superv~r  (SUP) 
m The ReaLI-time Monitor (RTM) 
• The Memory Mauageraem Module (MEM) 
m The Character I/O Module (CIO) 
m The V'munl Comole Screen Manager 
= The Buic Disk OImmiug System (BDOS) 
m The Exteoded I/O System (XIOS) 
m The Tm-mi~ Meauge Procm~ O'MF) 

The SUP module hand~  misce]]aneom system calls such ss returning the version number 
orthe addre~ of the System Dam Area. SUP ako calis other system calis when necemuy. 

The RTM module monitors the execution of running processes and arbitra~ conflicts for 
the system~ rescu.,~. 

The MEM modulz allocates and frees memory upon demand fl'om ¢xecuting processes. 

The CIO module handles all character I/O for console and lis~ devices in the system. 

The Wwnud Console Screen Manager e~tends the CIO to suppm't virttufl console envi- 
ronHle~tJ. 

The BIX)S is the hardv, lu'v-independe~t modulo th~ conminl the logically invsrhmt pccfion 
of the file system for Concurrent CP/M. The BIX)S file systean is ¢xplsined in detail in 
Section 2. 

The XIOS is the hardware-dependent module that defines the interface of Concurrent 
CP/M to s specific hardware environment. See the Concurrent CP/M System OuLde for 
an explanation of the XIOS. 

When Concurrent CP/M is executin8 a single pcogram on a single virtual console, its 
speed approximates that of CP/M-86, But when nmltiple processes are running on several 
v/rtual consoles, the execution of each individual process slows according to the proportion 
of I/O to CPU resourc~ it requires. A process that performs a large amount of I/O in 
proportion to computing exhibits only minor speed degradation. This also applies to a process 
that performs a large amount of computing, but runs concurrently with other pro~sses that 
are hugely I/O-bound. On the other hand, significant speed degradation occurs where more 
than one compute-bound process is running. 

m l 2 1 G f f A L / H e  
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CP/M P r ~ m m ~ r ' s  Guide ~.2 Sapa'~m" (SUP) 

1.2  S u p e r v i s o r  (SUP)  

The Supervisor module (SUP) manages the interface between processes and the operating 
system kernel. It also manages internal communication between operating system modules. 
All system calls, whether they originate from a transient process or internally from another 
system module, go through a common table-driven function interface in SUP. SUP also 
handles the P_LOAD (Load Process) and P-CLI (Call Command Line Interpreter) system 
calls. 

1.3 R e a l - t i m e  M o n i t o r  (RTM) 

The Real-time 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 resource from one 
process to another. The RTM module called the Dispatcher performs this task. The RTM 
maintains two data structures, the Process Descriptor (PD) and the User Data Area (UDA), 
for each process running under Concurrent CP/M. The Dispatcher 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 occurrence of an interrupt, 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 running 
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 are on other system lists, depending 
on why the processes were suspended. 

B DIC41"AL RESF.ARCH • 
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1.3 Real-time Monitor (RTM) Ccemn'rmt CP/M Prolp=u~er', G.kk 

A dispatch operation can be summarized as follows: 

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

2. The Dispatcher pisces the process on an appropriate system list, depending on why 
the Dispatcber was called. For example, if a process is to delay for a certain number 
of system ticks, its Process Descriptor is placed on the Delay List. When a process 
releases a resource, the process is usually placed back on the Ready List. If another 
process is waiting for the resource, 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 executes 
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 tmti] it needs a busy resource, a resource needed by another 
prcr.ess becomes available, or an interrupt occurs, At this point, a dispatch occurs, 
allowing another process to run. 

Only processes on the Ready List are eligible for selection during dispatch, By definition, 
a ~ is on tbe P , ~  I ~ t  ff it is w a l ~  m~ly for I ~  CPU rmom~. Pm~mm ~ 
for other system resources cannot execute until the ~ they reqeke m available. 
Concurrent CP/IVl blocks a process from e,x~uflon if It is waitb~i for:. 

• a queue m e u s e  so it can complete a Q_READ operation. 

• space to bec, on'~ avalkble in a queue so it can complete a Q_WRITE operation. 

• a console or list device tO become available. 

• a q~'ified number of system clock ticks before it can be removed from the system 
Delay List. 

• an I/O event to complete, 

These situations are discussod in greater detail in the following sections, 

A ~ g  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 ever/clock tick and forces • dispatch each time. Clock ticks nsu~y occur 60 
times a second (approximately every 16.67 milliseconds), and allow time sharing within s 
real-time environment. 

IID~T~ ~.~J~C H I 
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Concurrent CP/M Programmer's Guide 1,3 Real-time Monitor (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 
allots equal shares of the system's resources to processes with the same priority. With priority 
dispatching, the system never passes control to a lower-priority process if there is a higher- 
priority process on the Ready List. Because high-priority, compute-bound processes tend to 
monopolize the CPU resource, it is best to reduce their priority to avoid degrading overall 
system performance. 

1.3.2 Queue Management 

Queues perform several critical functions for processes running under Concurrent CP/M. 
A process can use a queue for communicating with another process, synchronizing its 
execution with that of another process, and for exclusion of other processes from protected 
system resources. A process can make, 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 queue descriptor, and the queue buffer. 
Concurrent CP/M implements these special data structures as memory files that contain 
room for a specified number of fixed-length messages. 

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

A process can read from or write to a queue conditionally or unconditionally. If the queue 
is empty when a conditional read is performed, or full when a 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 process 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. 

Mutual exclusion queues are a special type of queue under Concurrent CPIM. They contain 
one message of zero length and their names follow a convention, beginning with the upper- 
case letters MX. A mutual exclusion queue acts as a binary semaphore, ensuring that only 
one process uses a resource at any time. 
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Access to a resource protected by a mutual exclusion queue takes pkce as follows: 

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

2. When the message becomes available, the process accesses the protected resource. 
Note that from the time the process issues the unconditional reed, any other process 
attempting to access the same resource is suspended. 

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

As an example, the system mutual exclusion queue, MXdkk, ensures that processes cannot 
access the file system shnulta~ously. Note that the BDOS, no~ the application software, 
executes the preceding series of queue calls. Therefore the n~tual exclusion process h 
uansperent to the programmer, who is only responsible for originating the disk system calls. 

Mutual exclusion queues differ from normal queues in another way. When a process reads 
a message from a mutual exclusion queue, the RTM notes the Process Descriptor address 
within the Queue Descriptor. This establishes the owner of the queue message. If the operating 
system aborts the process while it owns the mutual exclusion message, the RTM automalically 
writes the message back to all mutual exclusion queues whose messages are owned by the 
aborted process. This grants other processes access to protected resources owned by the 
aborted Ixoceu. 

1.3.3 System Timing Functions 

Concurrent CP/M's timing system calls include keeping the time of day and delaying the 
mccution of a process for a specified period of time. An internal process called CLOCK 
Ixovid~ the time of day for the system. This prneeu issue* DEV_WArI'FLAI3 system calls 
on the system's one second flag, Flag 2. When the XIOS Tick Interrupt Handler sets this 
flag, it initiates the CLOCK process, which then increments the internal time and date. 

Subsequently,. the CLOCK process makes another D E V _ W ~  call and suspends 
itself until the flag is set again. Concurrent CP/M provides system calls that allow you to 
set and access the internal date and time. In addition, the file system uses the internal time 
and date to record when a file is updated, created, or last accessed. 

• mc,~ iLr~.sr~A.,,~o 
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The P_DELAY system call replaces the typical programmed delay loop for delaying 
process execution. 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 a P_DELAY system call, it specifies the number 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 an internal Delay List along with its 
current delay tick count. When a DEV_SETFLAG call occurs, setting Flag 1, the tick count 
is decremented. When the delay count goes to zero, the system 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, a 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  M e m o r y  M o d u l e  ( M E M )  

Concurrent CP/M supports 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  Bas i c  D i s k  O p e r a t i n g  S y s t e m  ( B D O S )  

Except for auxiliary device support, Concurrent CPIM BDOS is an upward-compatible 
version of the single-tasking CPIM-86 BDOS. It handles file creation and deletion, facilitates 
sequential or random file access, and allocates and frees disk space. In most cases, CP/M-86 
programs that make BDOS calls for I/O can run under Concurrent CPIM without modifi- 
cation. Concurrent CPIM'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 
multitasking environment. The major extensions to the file system are 

• F'de 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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• Shared access to files. As e special option, independent users can open the same file 
in shared or unlocked mode. Concurrent CPIM supports record locking and unlocking 
commands for files opened in this mode and protects files opened in shared mode 
from deletion by other tasks. 

• Date Stamps. The BDOS optionally supports two time and date stamps, one recording 
when a file is updated, and the other recording when the file was created or last 
accessed. 

• Password Protection. The password protection feature is optional at either the file or 
drive level. The operator or applications program assigns disk drive passwords, while 
application programs can assign file protection passwords in several modes. 

• Extended Error Module. Besides the default error mode, Concurrent CP/M has two 
options] error-handling n-,odes that return an ~ code to the calling process in the 
event of an unrecoverable disk error. 

1 .6 C h a r a c t e r  I /O  M o d u l e  ( C I O )  

The Character I/O module handles all console and list I/O. Under Concurrent CP/M, every 
character I/O device is associated with a data structure called a Console Control Block (CCB) 
or a List Control Block (LCB). These data structures reside in the XIOS, The CCB contains 
the ~ owner, ttatm information, line editing vm.kblm, and the root of a linked list of 
Process Descriptort (PI~) that are waiting for access. More than one process can wait for 
access to a single console. These processes are maintained on a linked list of Process 
Descriptors in priority order. The LCBs contain similar information about the list devices. 
See the Concurrent CP/M System Gu/de for more information about LCBs and CCBs. 

1,7 V i r tua l  Console  Sc reen  M a n a g e m e n t  

Virtual console screen management is coordinated by four separate modules: the CIO, 
the PIN (Physical INput) and VOUT (Virtual OUTput) processes, and the XIOS. The line 
editing associated with the C...READSTR call is performed in the CIO. The PIN process 
handles keyboard input for all the virtual consoles; it also traps and implements the CTRL-C, 
CTRL-S, CI 'R~Q, CTRL-P, and CI 'R~O functions. The VOUT process spools console 
output from processes running on background buffered mode consoles, and handshakes with 
the PIN process to display spooled console output when the background console is brought 
to the foreground. The XIOS decides which special keys represent the virtual consoles, and 
returns a special code from IO_CONIN when you request a screen switch. The XIOS also 
implements any screen saving and restoring when screens are switched. See the Concurrem 
CP/M System Guide and the discussion of the IO_SWITCH function. 

M DIGrrAL gIMAgCHO 
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The PIN process reads the keyboard by directly calling the XIOS 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 
C'TRL-C, CTRL-S, 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 a CTRL-C it calls P_ABORT to abort the process attached to the virtual 
console, flushes the type-ahead buffer in the VINQ, 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 Terminal Message Processes (refer to P_CREATE for 
information on the process descriptor). The DRV_RESET calls affect only the removable 
media drives, as specified in the CKS field of the Disk Parameter Blocks in the XIOS (refer 
to the Concurrent CP/M System Guide for further details on Disk Parameter Blocks). 

CTRL-S stops any output to the screen. CTRL-S stays 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 echoes console output to the default list device specified in the LIST field of the 
process descriptor attached to the virtual console. If the list device is attached to a profess, 
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 using the C_RAWIO call, the PIN does not act on the control character but instead 
writes it to the VINQ. It is thus possible to read any of  the above control characters from 
an application program. These control keys are discussed in depth in the Concurrent CP/M 
User's Guide. 

1.8 Extended Input/Output System (XIOS) 

The XIOS module is similar to the CP/M-86 Basic Input/Output System (BIOS) module, 
but it is extended in several ways. Primitive operations, such 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 
loops for real-time I/O operations. 
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1.9 Terminal Message Processes (TMP) 

The Concurrent CP/M Terminal Message Processes (TMPs) are resident system processes 
that ~ command lines from the virtual c, onsolea and call the Command Line Interpreter 
(CLI) to ext=ute them. The TMP prints the prompt on the virtual consolea. 

Each virtual console has an independent TMP defining that console's vnvironnmnt, includ- 
ing defmlt disk, us~ number, printer, and console. 

1.10 Transient Programs 

Und~ Concurrent CP/M, a transient program is one that is not system-r~idc, nt. The 
system must load such programs from disk into avaiiabl~ m=mory e~ch time they c=~cute. 
The command file of a transient program is id=ntified by the filetype CMD. When you enter 
a command at the console, the operating system searches on disk for the appropfiat~ CMD 
file, loads it, and initiates it. Concurr=nt CP/M supports three diffca~nt ex~ution models 
for transient programs: the 8080 Model, the Small Model, and the Compact Model. 
Sections 4.1.1 through 4.1.3 desorib¢ th=sc models in detail. 

1.11 System Call Calling Conventions 

When a Concurrent CP/M process makes a system call, it loads values into the registers 
shown in Table I-I and initiatos Interrupt 224 (via the INT 224 instruction), reservod by 
the Intel Corporation for this purpose. 
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Table 1-1. Registers Used by System Calls 

Re~ster 

ENTRY PARAMETERS 

CL: System Call Number 

DL: Byte Ibxan~ter 

or 
DX: Word Parameter 

or 

DX: Address - Offset 

DS: Address - Segment 

Register 

RETURN VALUES 

AL: Byte Return 
or 

AX: Word Return 
or 

AX: Address - Offset 
ES: Address - Segment 

BX: Same as AX 
CX: Error Code 

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

1 ,12 SYSTAT: Sys t em S ta tu s  

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 system data structures. Further- 
more, SYSTAT presents two views: either a static snapshot of system activity, or a 
continuous, real-time window into Concurrent CP/M. 
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