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Foreword

Concurrent CP/M™ can be configqured as a single or multiple user,
maltltasking, real-time operating system. It igs designed for use
with any digk-baged microcomputer using an Intel® 8086, BOB8, or
compatible microprocessor with a real-time clock. Concurrent CP/M
is modular In design, and can be modifled tc suit the needs of a
particular installation.

Concurrent CB/M alao can aupport many IBM® Personal Computer Disk
Operating 8System (PC DOS) and MB™ -DDS8 programs, Tn additieon, you
can read and write to PC DOS and MS-DOS disks. 1In this manual, the
tecm DOS refersa t6 both PC DOS and MS-DOS.

The Information Iin this manual is arranged in the order needed for
use by the system deszigner. Section ! provides an overview of the
cancurrent CP/M system. Section 2 deacribes how to bulld a
Conourrent CP/M system uslng the GENCCPM utllity. fection 3
contains an overview of the Concurrent CP/M Extended Input/Output
System (XI0S). XICS Character Devices are covered in Section 4, and
Disk Devices in Section S. Section 6 describes speclal character
I/0 Eunctions needed to support DOS programs.

A detailed description of the XIOS Timer Interrupt routine is found
in Section 7. Section 8 deals with debugging the XIOS. Section 9
discuases the bootatrap loader program necessary for loading the
operating system from disk. Segtion 10 treats the utilities that
the QEM must write in order toc have a commercially distributabla
system. BSection ll covere changes to end-user deccumentatlon which
the OEM muat make if certain modifications to Concurrent CP/M are
performed. Appendix A discusses removable media conalderations, and
Appendix B covers graphics implementation.

Many sectiona of thias manual refer tO the example XI0S. There are
two examples provided, One le a aingle user system to run on the
IBM Personal Computer. The other is & multi-user aystem running on
a CompuPro® 86/87 with serial terminals. The single user axample
includes source code for windowing support for a wvideo mapwped
display. However windowing is not required for the system. The
source code For both examples appears on the Concurrent CP/M
distribution disk; we strangly suggest assembling the source files
follawing the inatructions in Bection 2, and referring often to the
assembly llsting whlle reading this manual, Example listings of the
Concurrent CP/M Loader BIOS and Boot Sector gan also be found on the
release disk.

1ii



plgital Research? supports the aser interface and software intecface

to Concurrent CP/M, as described in the Concurrsni CP ratin
Bystem User's Gulde and the Concurrent Op#ratin stem

Programmer's Refarenge Guide., respectively. Digital Resesarch does
naot support any a ticns or modifigations made to Consurrent CP/M
by the OEM or distributor. Tha OEM or Concurrent CP/M diatributor
must alsc Bupport the hardware Interfece (XI08) for a particular
hardware esnvircnment,

The Contcurrent CP/M Syatem Guide is intended for uss by syatem
designers who want tc modify eilther the user or hardware interface
toc Concurrent CP/M. It apgumeq you have already implemented & CP/M-
88% 1.0 Baalo Input/Output System (BIQB), prefesrably on thas target
Concurrent CP/M machine. It algs mssumes you are famillar with
theas four manuals, which document and support Concurrent CP/M:

o The Congurrent CF/M Operating System User's Guide decumenta the
usar'a interfase to Concurrent CF/M, explaining the various
features used to executs applicationa programe and Digical
Regearch uvtility programs.

# The Concurxzent cvéu ngrating Syetam Programmer’'s Refarence
Gulde documents the applicetions programmer's intarface to
Ceonpurrent CP/M, explaining the internal file structure and
pysten antry points-~information essantlal Lo create
appligations programs that run in the Concurrent CP/M
snvirenpent,

s The Concurzrent CP/M Operating Syatem Programmer's Dtilities
Guide documents the Digital =Researeh otility programs
programmers usa to write, debug, and verify appllicationg
programs written for thé Concurrent CP/M environment.

s The Congurrent CP/M Oparating System S8ystem ¢uide documents the

internel, hardware—dependent structures of Concurrent CP/M.

Standard terrminclogy 19 used throughout these manuals to reler to
Congurrent CP/M features. For exanple, the names of all Xios
function calls and their associated code routines begin with I0 .
Concurrent CP/M system functione availlable through the logically
invariant softwars interface are called ayatem calls. The names of
all data atructures finternal to the operating system or X108 are
capitalized: for example, XIOS Hemder and Disk Parameter Block.
The Concurrent CP/M eystem data segment 18 referred to as the SYSDAT
area or gimply SYSDAT. The fixed structure at the beglnning of the
SYSDAT area, documented in Section 1.10 of this manual, is called
the S5YSDAT DATA.

iv




Table of Contents

1l System Overview
1.1 Comcurrent CP/M Organlzation . . .+ « & « &+ & « o & 1-3
L.2 Memory LAayout « o o o+ o ¢ » 5 o = v v = = = = « & 1-4
1.3 Bupervisor . . @ 4 v e a0 w1 o4 ‘o me e e e e 1-4
l.4 Real-time Monitor . .« « & & v v 4 & + = ¢ 4 = v = s 1-6
1.5 Memory Management Module . . & « « v « » v « s s &+ 1-8
1.6 Character I/OManager + « « « « s = ¢« « & s« = = = « 1=11
1.7 Basic Disk Operating Byatem . . . . . « o« ¢« « « » » 1-11
1.8 Extended I/O BYBtemM + + + » + v 3 » + a a 2 = » & &+ 1=13
1.9 Reentrancy inthe XIOB . . .+ + + « + v » « v o« » 4 1-13
1.]10 SYSDAT Segment .« « « ¢ « & & s & » & « = « = & = « 1=14

1.1]1 Resident System ProCeBSE€E . . - + - + « »« » « r « » 1-20

2 Building the XIOS
2.1 GENCCPM Operation . . « &« &+ & « s o 5 o & = o« & « 2-1
2.2 GENCCPM Main Menu . -+ « & & = « « » o « » » o &+ » &« 2-2
2,3 Bystem Parameters Menl . . . . « =« + = & s & &+ & « 2-5
2.4 Memory Rllocation Menl . . « + « 2 2 2 2 = & s+ = « 2=10
2.5 GENCCPM REP List Menu . . . « . « « « = =« = = = « « 2=12
2,6 GENCCPM OSLABEL Menu . . + « v « + » 5 = » » + » + 2-13
2.7 GERCCPM Disk Buffering Menu . . . . . . . . . . . . 2-13
2.8 GENCCPM GENSYS Optlon + « + + « ¢« « &« &« + & & « » 1 2-15
2.9 GENCCPM Input Piles . . . « ¢« + 4 ¢« s « o« s s =« & - 2-16

3 XIOE Overview
3.1 XIO8 Header and Parameter Table . . + + o & & « » & 3-1

3.2 INIT EBntry Poidnt . . & & & 4 & 2 &« 4 & a & = = 3-8



5

3.3
1.4
3.5
3.6
3.7
3.8

Table of Contents
(continued)

KIOB BNTRY « + v « v = + = o « 1 « « 4
Converting the CP/M-86 BIOS . . . «

Polled Device8 . . « ¢ o » » o » = & &
Interrupt Devices . « &+ & 2 = = 2 2 4+ «
BDB7 Bxception Handler . . . . . - . .
X103 Byatem CallB +» + & o o« = 2 » s « »

Charactar Devices

4.1
4.2
4.3
d.4
4.5

Disk
5.1
5.2
5.3
5.4
5.5

5.6
5.7

5.8

Conagle Control Bleek o + 4 4 v ¢ 4 & &
Conmole 1/0 Punctiene . . & & « « « « .

List Pevice Punctione . + v 4 v + v » &

Auxiliary Device Punctions . . . . . .
TO POLL Funckion . . ., + . « + « « =+ &
Devices

Disk I/0 Functione . ., , . . - . « . .
ICPB Data Btruckure s + + « o+ « « = «
Multisector Operations on Ekewed Dipka

DiBk Parameter Head®r « o« v « = s v « =

Disk Parameter Block . . + « = = = . 4 .

5,5,1 Diek Parsaster Blogk Worksheat .

5,5.2 Disk Parameter List workeheet . .

Buffer Contreol BlocX Data Area . . . .

Memory Disk Application . + « = « . . .

Multiple Medla Buppert . . . . . . . . .

vl

3-13
3-15
3-15
3-17
2-20

-2
-7
4-13
4-15
4-17

5-1
5-3
516
5-21
5-27

5-35
5-40

S5-41
5~47
5-5%0




10

11

Table of Contents
(continued)

PC-MODE Character I1/0

6.1 Screen I/0 Punctions . « « o 2 + & & 4 s o«
6.2 FEKeyboard Functlons . . « + « = « 2 =« = = = =
€.3 EBquipmeant Check . + « & 4 + s = o a 2 « & = &

5.4PC—HDDEIO_CONIN-....-.-.-.n-a
Xio8 TICK Inmterrupt Eoutine . . . . . . . . . . .

Dabugging tha XIOS
8.1 Runmning Under CP/M-86 . o . v ¢« « ¢ &+ « o & »

Bootstrap

9.1 Components of Track G on thea IBMPC . . . . .
9.2 The Bootstrap Process . « . + o« « = 2 = 4 s
9.2 The Loader BDOS and Loader BIOS Function Sets
9.4 Track O Construction . .+ . + ¢+ « v ¢ o 4+ +» &
9.3 Other Bootstrap Methods . . , . . . . . . . .

9.6 Orqanization of CCPM.8YS8 . . . .. . . . . .

OEM Utilitiex

10.1 Bypasaing the BDOS . . . . . . 4« & = =« & & »

10.2 Directory Initialization in the FORMAT Utility

End-user Documsntation . . . - - . . <« - - « .« &

vii

10-1

10-11

11l-1



Appendixes

A Famoveble Media . . . . . . & ¢ v i v 0 0 ke ok e s e A=1

B Graphice Implemsntation . . . . . . . . « \ + &+ & o « & B-1

Tables, Figures, and Listings

Tablus
1-1. Buperviscr Bystenm Calls . e e v e s s l-a4
1-2., Real-tims Monitor Bystem Calle . . . . - e 1-7
1-3. Definitions for Figura 1-3. ., . ., « 4+ + +» » = . 1=10
1-4, HMemory Manegexent Syatem Calls . . . . « +» + « « 1-10
~5. Character J/0 Syaten Callm . . . . » » » « & « + 1-11
-6. BDOB Bygtem Callsm . . . . . . ¢« . .+ « « « . - 1=12
=7, BYSDAT DATA Data Flelds . . . « + + 4 v » + a + 1-1E
~l. GENCCPM Main Menu Optlone . . . . + . . « « + 2=4
-2. Byatem Parametérs Menu Optione . . . . . . . . . -
-1, XIDS Hemder Data Flelds . . o o« « & 45 2 « « & 3-2
-2, XIOB Register Usags . . . . . . . . . 4 « « + .« 3-10
~3, XIDS Punctiona . . . . . . . ¢« « « + 4+ 2 2+ « . . 3-11

UImUlIJ'II.I‘IllUlUIUIUIIHG'JI'I.II L Lo K SRt [l el

~1. Consocles Control Block Data Fleld® . . &+ « « + 44
~2, List Contzol Bleck Dats Fialds . . . . . . . . . 4-1%4
~1. Extanded Error Codes . . . . s = « 5 o« o s = & 5-4

2. ICPB Data FPlelda . . . . . . . . a4 2 s 4 s s B-l)
-3. DOE IOPE Data Fields . , . . . s & e « = = « B-l15
-4. Dilek Parametasr Header Data rioldu + s s = 2 s & 5-21
-5. Disk Paramater Block Data Fislde . « « +» « .« . . 5-28
-6, Extended Diak Parametar Block Data Pields . . . 5-32
-7. DBBH and BIM Values ., . . 2 2 « = « = « = « = « » B=-35
-8. EXM Valuea . . . . 4 a4 s s & 2 & a4 4 s . « 5-36
-9, Directory Entricu par Bloek Siz@ . « 4« . 4 . . 537
=10, ALO, ALI VAlUGE .+ « &+ « v o = = % s « s« « = s « B5-38
=11, PEH and PRM Valums . . . . + &+ = « « « » + s = +» 5=39
=-12. Buffer Control Block Headar Data Fislds . . . . 5-42
=13. DIRBCE Data Fields . . ., . . « - 2 « « = = 2 « « B5-43
5-14, DATBCE Data Fields .- 12 5]

viii



§-1.

6-6.
10-1.

Figures

NRORNMNROMBOOMAN R
[N 1 P rna LI T A |
LYy

- P A = e e

]
[EL N o L B o HOD-dMudd -

W en IF-T-#-F-P- w

E-9.

Tables, Figures, and Listings

Alphanumeric Modes . . « .
Graphics Modes . . « .+ + . .
Keyboard Bhift Status . .

D038 Equipment Status Bit Map
Keyboard Scan Codes ., . . .,
Extended Keyboard Codea . .

(continued)

Directory Label Data Fields . ,

Concurrent CP/M Interfacing .
Memory Layout and File Structure

Finding
SYSDAT .

a Process's Memory . . .

L T T N T

SYBDAT DATA .+ . + = + « ¢ 4 =

GENCCPM
GENCCEM
GENCCPM
GENCCPM
GENCCPM
GENCCPM
GENCCPM
GENCCPM
GENCCPM
Typical

Main Mehy  + « » 4 . v
Help Function Bcreen 1 .,
Help Function Screen 2

System Parameters Menu .
Memory Allocation Sample

-

Session

RSP List Mgnu Sample Session . .
Operating System Label Menu .

Disk Buffering Sample Session .
8ystem Generation Messages . . .

GENCCPM Command File . .

XIOS Header . + « « ¢« = + « o« =

The CCB

Tahle . . « .

CCB'e For Two Physical Consoles

Consola
The LCB

Control Block Format . .
Table . . . . . . . « &

List Control Block (LCB) . . . .

- a4 e m

LI BT B
LR T
[ T T

Input/Output Parameter Block (IOPB} . .
DOS Input/Dutput Parameter Block (IOPE)
DMA Address Table for Multisector Operations

Disk Parameter Header (DFH) R
DPH Table . . « + ¢ « 2 &« & « =
Disk Parameter Block Format . .

Bxtended Disk Parameter Block Pormat '
Buffer Control Block Header . .
Directory Buffer Contral Block (nIRBCB)

5-10. Data Buffer Control Block (DATBCB) . . .

ix

N

PO R T

P )

6-3
6-3
6-10
6-11
6-12
6~13

10-14



Listings

3-1.
3=2.
3-3.

-1,
Bw=l.
5=3.
S5-4.
LELN
5-§.
5-7.
5“3:
5-9.
5-10.
S-11.

10-1.

Tables, Figures and Listings
(continued)

Dabugging Memory Layosuf . . + 2 & & « &« s a
Debugging CCR/M Under DDY-86 and CP/M-86 . .
Rebugging the XIDH Under SID-86 and CP/M-86

Tracgk O on the IBM PC .+ . &« ¢« « «
Loader Organization ., . . .
Disk Paramster Fleld Initilllzation. . .
Group Leafriptors - CCPM.SYS Header Recurd
CCPM Z2yztem Imags and the CCPM.8YH File .

Concurcent CP/M Disk Layout . . . . « + .
Directory Initialixation without Tize Stamps
Dirsctory Label Initialigation . . . . . ¢« .
Dixectory Initialization With Time Btamps .

X108 Header Definltion P T
XICE Tunction Table .+ « . . v s 4 6 s 2 s o
BOB7 Exception Bandler « « « « & &+

Multissctor Operaticons

ICPE Definitlan . . .
Multissctor Unskewing
DPE Definltion Ve

BELDAK XIOB Funetion
DPRE pefinition T e
Extended DPB Definition
BCH Huader Dafinitien .
DIRBCE Defindtlon . . .
DATBCE Cefinition . . . .
Exampls M DIEX Implemsntati

s » 5 # 2 4 « & s =«

n

Disk Utillty Progrmmming Bxample . . .

. & s v = -

8=-2
8~13
a4

9~-1
9-2
9-5
98
9-9

10~12
1G-13
10-13
10-15

3-7
3-12
3-15

5~5
5-13
5-18
5-25
5-36
5-30
5-34
S5-42
5~4d
5-46
5-48

10-3



Section 1
Systern Overview

Concurrent CP/M ia a multitasking, real-time operating system. It
can be configured for one or more user terminala. Each user
terminal can run multiple tasks simultaneoualy on one or more
virtual conaolea. Concurrent CP/M supports extended features, such
as intercommunication and synchronization of independently ruaning
proceases. It iz designed for implementation in a large variety of
hardware envirocnments and as such, you can easlly costomize it %o
fit a2 particular hardware environment and/or user's needs.

Cancurrent CBP/M also supports DOS (PC DOS and MS-DO5) programs and
media. Tha XIDS support for DO5S media is described in Section 5 of
this manual. DOS character I/0 is described in Section 6.

Concurrent CP/M conaiats of three levels aof interface: the user
interface, the logically invariant psoftware intecface, and the
hardware interface. The user interface, which Digital Research
diatributes, is the Regident System Process (RSP} called the
Terminal Message Proceas (TMP). It accepts commands from the uaser
and either performe those commands that are built intoc the TMP, or
passes the command to the operating system via the Command Line
Interpreter (P_CLI). The Command Line Interpreter in the cperating
system kernel either invokes an RSP or lomds a disk file in order to
perform the command.

The logically invariant interface to the operating system consists
of the syatem calls as described in the Concurrent CP/M Operatin
System Programmer's Reference Guide. The leglically invariant
interface alsc connects transient and resident processes with the
hardware interface.

The phyaical interface, or XIOS (extended I/0 system}, commupicates
directly with the particular hardware environment. It is composed
aof a seet of functions that are called by proceasses needing physical
I/0. Sections 3 through €& describe these functions. Figure 1-1
shows the relationships among the three interfaces.

Digital Research distributes Conpurrent CP/M with machine-readable
gource code for both the user and example hardware interfaces. You
can write a custom user and/or hardware interface, and incorporate
them by using the system generation utility, GENCCPM. There are twWo
example XI0Ss supplied with the system. One is written for the IBM
Personal Computer, as a single user system with multiple virtual
consoles. The cther XI0S is written for the CompuPrc 86/87 with
multiple serial terminals. The example XIO0Ss are designed to be
examplea and not commercially distributable systems. Wherever a
choice between clarity and efficiency is necessary, the examples are
written for clarity.




Concurrent CP/M System Guide 1 System Qverview

This section describes the modules pomprising m typical Concurrent
CP/M cperating system, It i» important that you understand this
material before you try to customize the operating system for a
particular application.

User

User Intarface

(oMP)

Invariant
Interface

(8UP RTM MEM CIO BDOS)

Hardware
Interface
{XID8)

:
Hardware Environment

Figure 1-1. Concurrent CP/M Interfacing



Concurrent CP/M System Guide 1.1 Organization

1.1 Concuorrent CP/M Organization

Concurrent CP/M is composed of six basic code modulea. The Real-
time Honitor (RTM) handles process-related functions, including
diapatching, creation, and termination, as well as the Input/Output
eystem atate logic. The Memory module (MEM) manages memory and
handles the Memory Allocate (M_ALLOC} and Memory Free (M FREE)
system calla. The Character I/0 module (CIO) handles all conscle
and list device functions, and the Basic Dilsk Operating System
{(BDO2) manages the file system. These four modules communlcate with
the Sppervis=or (S0P) and the Extended Input/Output System (XI0S8).

The SUP module manages the interaction between transient processes,
auch aBs user programa, and the system meodules. All function calls
go through a common table-driven interface In S8UP. The SUP module
also contains the Program Load (P_LOAD) and Command Line Interpreter
{P_CLI) system calla.

The XIO8 module handles the phyaleal interface to a particular
hardware environment. Any of the Concurrent CP/M logical code
modules gan pall the XIDS to perform specific hardware-depandant
functiona. The names usad in this manual for the XIOS functiona
always begin with IO in ordar to easily distinguish them £rom
Concurrent CP/M operatling aystem calls.

All operating system code modulas, incloding the SUP and XIO5, ghare
a data segment ¢alled the System Data Area (S8YSDAT). The beginning
of SYSDAT is the SYSDAT DATA, a well-defined structure containing
public data used by all system code mcdules. Following this fixed
portion are local deta areas belonging to apecific code modules.
The XI05 area is the last of these code nodule areas. Following the
XIOS8 Area are Table Areas, used for the Proceas Deacriptors, Queue
Deacripters, Syatem Flag Tablea, and other operating syatem tables.
These tables vary in size depending on options chesen during systenm
generation. Bee Section 2, “8ystem Genesration.®

The Resident System Processes (RSPE) occupy the area in memory
immediately following the SYSDAT module. The RSPs you select at
aveatem generation time hecome an integral part of the Concurrent
CP/M operating system. For more information on RSP=s, dee Section
1.11 of this manual, and the Concurrent CP/M Opexating 8yatem
Procgrammer 's Reference Guide.

Concurrent CP/M loads all transient programs into the Transient
Program Area (TPA). The TPA for a given Implementation of
Concurrent CP/M ia determined at aystem generation time.



Concurrent CP/M System Gulda 1.2 HMemory Layout

1.2 Momary Layout

The Concurrent CPF/M operating system areda zan exist anywhere in
mamory exXcept over the interrupt vector area. You define the exact
location of Consurrent CP/M during system genarcation. The GENCCPM
pregram determines the memory locations of the aystem modules that
make up Conourrent CP/M based upcon system genaration parameters and
tha sixe of the modules,

The ¥I03 must reside within SYSDAT. You must write the XICS aAs an
8080 model program, with beth the code and data segment reglaters
get to the beginning of BYSDAT.

Figure 1~2 shows the relationship of the Concurrent CP/M mystem
image to the CCPM.IYE diek file structurs.

1.3 Bupmxivisor

The Cancurrent CP/M Supervisor (3UP) manages the interface between
aystam and transient progeases and the invariant operating system,
All yatem calls 9o through a common table-driven interface in SUP.
The SUPF nmodule also containg system calls that invoke other system

calla, like P_LOAD (Program Lead) and P CLI (Command Line
Interpretar}.

Table 1-1. Suparvispr System Calls

Syatem Call [ ¥umber Hex
F_PARSE 152 58
P_CHAIN 47 ZF
P _CLI 150 96
P_LOAD 58 1B
P_RPL 151 37
5_BDOSVER 12 o
8_Brod 50 a2
B_QBVER 1E3 Gal
8_SYEDAT 154 9A
§_SERIAL 107 6
T_BECONDS 155 9B
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(top of memory)

l/V\MN"J End of file—w

WAYAN VA Vo W CCEN.5YB
Extra Group
TEA (Used to hold
GENCCPM opticng)
w—End of
0.8, Area
Disk Buffers
-—End of 0.8y
RYFs
CCPM .8Y8
Table Area Data Group
within
X108 GBdk
SYSDAT DATA
L X TOf
BDCS Code Code & Data
Segnent
CIO Code
MEM Code CCPM.8Y8
Code Group
RTM Code
SUP Code
-“—beginning
of 0.5. area
TPA CCPM .3Y3
CMD Format
File Header
MRS A
N WA AT A
{Start of File)
010400H
Interrupt Vectora

0:0000H

¥igure 1-2. Memory Layout and Fils Structore
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l.4 Fsal-tiwme Monitor

The Retl-time Monitor {RTM} is the multitasking kernsl of Concurrant
CP/M. It handles proceas dlgpatching, queus and flag management,
device polling, and syskem timing tasks. It also manages the
logical lnterrupt aysmtem of Concurcent CP/M. The primary function
of the RTM iw transferring the CPFD resoutcs from one process to
ancther, a task sccomplished by the RTM dispatcher. At avary
diespatch oparaticn, the dispatcher stcps the currently running
procass from sxecution and astores its astate in the Proceaa
Depcriptor (FD) and User Data Arsa (UDA) asacciated with that
procesa. The Aispatcher then gelects the higheat-priority procsas
in the ready state and remtores it to executlon, using the data in
itx PD and UDA. A process ig in the ready state if it is walting
for the CPFy resource only. The naw pracess zontinues to execute
until it nesds mn unavailable rasource, a ressurce needed by another
procese becomes avallablie, or an sxternal event, such &8 an
Intercupt, ococurs. At this time the RTM performns another dlaspatoh
cperation, allewing another progees to run.

The Concurrant CP/M RTM dispatchar alae pearforms device polling. A
procaees waltp for a polled device through the RIM DEV_POLL symtan
call,.

Khen a process needs to weit for an interrupt, it lesues a
DBV WAITFLAG aystem call on a logioal interrupt devica. When thea
appropriate interrupt actually occurs, the XIDS calls the
DEV_BETFLAG Aystem call, which wakes up the waiting process. The
interrupt routine then performe & Far Jump to the RTM dispatcher,
which reschedules the interrupted procesa, as well as all cther
repdy processes that are not yet on the Ready List. At this point,
the dispatcher places the process with the highest priority inte
exeguklon. Procesases that are handling interrupts should run at a
battaer pricrity than noninterrupt-depandsent processss (the lower the
pricrity number, the better the priarity) in crder to respond
quiekly te lncoming intarrupts.

The systew alock generates interrupts, clock tizks, typloelly 60
timens per second. This 2llowse Concurrent CP/M to effect process
tina mlicing. Since the cPerating system walty for the tick £lag,
the XIOB TICE Intarrupt routins must sxecute a Conourrent CP/M
DEV_BETFLAG eyectem call st each tigk (see Secticn 7, "XIOS TICK
Intarrupt Routine”}, then perform a Fa? Jump t& the SUP entry point.
At this polnt, processes with egual pricrity are schedulsd for the
CPU resource in round-robin fashion unlesa a better-priority procese
iz on the Ready List. If no process Is ready to use the CPU,
Concurrent CP/M remaine in the dispatchear until an interrupt occurs,
or a polling procese is ready to run.
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The RTM aleo handles gueue management. System queues are composed
of two parts: the Queue Descriptor, which contains the queve name
and other parametera, and the Queue Buffer, which can contain a
gpeclfied number of fixed-length messages. Processea read theae
messages from the gueune on a first-in, first-out hasid. A process
can write to or read from a gueue elther conditionally or
pnconditionally. If a process attempts a conditional read from an
empty queun, or & conditional write to a full one, the RTM returns
an error code to the calling process. However, an unconditional
read or write attempt in these situations causes the suspension of
tha process until the overation can be accomplished. Tha kernel
uges this feature to implement mutual exclusion of processes from
serially recsable syatem resources, Such As the disk hardware.

Other functions of the Real-time Maniter are covered in the

Concurrent CP/M Operating System Programmer's Reference Guide under
their individual descriptions.

Table 1-2. Real-time Monitor System Calls

System Call Number Hax
DEV_SETFLAG 133 BS
DEV_WARITFLAG 132 -1
DEV_POLL 131 83
P_ABORT 157 9D
P_CREATE 144 90
P_DELAY 142 -3
F_DISPATCH 142 BE
P_PDADR 154 :1od
FP_PRIORITY 143 91
P_TERM 141 8F
P_TERMCEM 0 00
Q_CREAT 138 Ea
Q_CWRITE 140 8C
Q_DHELETE 136 88
Q_MAKE 134 86
Q_OPEN 135 87
Q_READ 137 89
Q_WRITE 139 BB
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1.5 Hawory Nansgemant Module

The Memory Management module {MEM) handlss all memory functions,.
Coneureant CP/M mupparte an extended model of memory managemsnt.
Future ralenges of Concurrent CP/M might support differant varsions
of the Memery module depending on clamses of memory manzgement
hardware that become available.

The MEM module Jdescribes memory partitions internally by Memory
Descriptors (MDs). Concurrent CF/M initially places =1l avallable
partitions on the Memory Pree Limt (MPL}. Once MEZM allocates a
partitien (or set of contigusum partitione), i+ takes that partition
off the MFL. and places 1t on the Memcry Allocation List (MAL)}. The
Mamory Allogation List contains descriptions of contiguous arsas of
menicry Known as Memory Allocation Unlity [MAUE). MAUs always contain
cne or more partitiona. The MEM nodule manayer tha space wixhin an
MAU in the following way: when a proceds reguesta eXbra memory, MEM
firat determines if the MAC has snough unuesd space. If it does,
the eXtra memory rejuested comes from the procesa's own partition
Elrat.

A progess can ofly allocate memory from a MAU in which it already
owns memary, ar from a2 new MAU created from the MPL, If one process
sharas memery with another, alther can allocate neaxory from the MAU
that contains the shared memcry msgment. The MEM modules Keeps a
count of how meany processes "own" a particular nemory Begment to
enpure that it bacomea availabie within the MAU only when no
processas own 1t., When all of the menory within an MAQ is free, the
EH nodule fzesg the MAU and returns its nexory partiticns to the
I-ll

If the mymtem for which Conourrent CF/M is being 1lmplemented
contains memory management hardware, the XIOE can protect a
process's meanory when it i# not in context. When the proceags is
entering the operating system, all memory in the pystem should be
rade Read-Write. When a procees is exiting tha operating system,
the process’s menory should be made Read-Writa, the opsrating sayeten
manosry {from COCPMAEG to ENDSEG) made Repd-Only, sand all othar nemory
made nonexistent, Memory protection cen he implemented within the
¥I0E by a routine tha:t inteccepts the INT 224 entry peint for
Concurrent CP/M eystem calls, 2nd Iinterrupt routines that handle
attempted memory protectlon viclatiocna.

Pigure 1-3 shows how t0 fFind a process's memory.
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SYSDAT:68H
RLR
00H . 020 leil K 18H 30H
T T
PD 2 % [MEM)} © AE}
’ |
0oH l ) D2H  O6H . OBH ) DAH
1 T 1
MSD LLHK z} (MAU) o
Next MSD [ALL MSD's pointlng te a common

(0 Lf none)

QUH l ;

02H

O6H

MAU are grouped together}

OAH

START
N

i

Figqure 1-3.

Finding a Procesa's Memory
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Yabla 1-3. Definitions for Figuras 1-3.

Data Fiald Explanstion
RLR Ready Liat Rooty polinte to currently
running process.
D Process Descriptor; describss s process.
MEM MEN fiald of Proceas Depcripter.
MED ¥enory Segment Descriptor; describes a

gingle memory allecaticn. A procass wmay
have many of these in a linked 1list. The
MBD liet pointed to by 4the MEM field
depgcribes all the successful memory
allocatione made by the process. Alse,
many MHDG may polnt to the aame MAU. All
MBDm polnting to the same MAU ara grouped
togatherx.

MAT Menory Allocatinn Unit; dedcribes 2
contigueus arem of allocated memory. A
MAU is bullt from one or mere contiguocus
penmory partitions, The BTART and LENGTH
fields are the starting paragraph and
number of parsgraphs, respectively.

Table 1-4, HNewory Management Eystem Calls

Byatem Call | Number Hex

M_ALLOC 128, 129 80, Bl
M_FREE 130 82
JE'_ABB 5d 36
MC ALLFREE 33 3A
WG ALLOG 55 37
MC_ALLOCAES 56 2B
MC_FREE 57 39
MC_MAX 53 35

Wote: The MC_ARS, MC_ALLOC, MC ALLOCABE, MC FREE, MC ALLFREE, and
MC_MAX pystem calls internally execute the M_ ALLOC and M_FREE syatem
calls. They are mupported for compatlbility wlth the CP/M~86 and
MP/M-B6™ operating syatems.
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1.6 Character I/0 Manager

The Character Input/Output {(CIO) module of Concurrent CB/M handles
all console and list device 170, and interfaces to the XIOS, the PIN
(Physical Input Process) and the VOUT (Victual QUTput proceas).
There i= one PIN for each user terminal, and one VOUT for sach
virtual console in the system. An overview of the CIO is presented
in the Concurrent CP/M Operating System Pragrammer's Raference
Guide, and XI0OS Character Devices are described in Section 4 of this
manual., For detalls of the Conzole Contrel Block (CCBY and List
Control Block (LCB)Y data structures, see Sections 4.1 and 4.3
respectively.

Table 1-5. Character I/0 System Calls

Bystem Call Number Hex
C_ASSIGN 149 95
C_ATTACH 146 92
C_CATTACH 152 OA2
C_DELIMIT 110 6E
C_DETACH 147 93
C_GET 153 99
C_MODE 109 6D
C_RAWIO & 06
C_READ 1 o1
C_READSTR 10 oA
C_SET 148 94
C_STAT 11 0B
C_WRITR 2 02
C_WRITEBLK 111 6F
C_WRITESTR 9 0%
L _ATTACH 132 9E
L_CATTACH 161 OAl
L_DETACH 159 9F
L_GET 164 oAd
L_SET 160 OAD
L_WRITE 5 05
L _WRITEBLK 112 70

1.7 Baaic plek Operating System

The Basic Disk Operating System {BPCS) handles all file systen
functionsg. It is described in detail in the Concurrent CP/M

CE)Erating System Programmer's Reference Gulde, Table 1-6 liats the
encurrent CP/M BDOS system calls.
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Table l-6. BDOE System Calls

gystem Call Number Hex
DRV ACCESS 38 25
PRV ALLOCVEC 27 1B
DRV_DFE 31 1r
DRV _FLUEH 4B 30
DRV GwT 25 13
DRV _GETIAREL 101 -1
DRY_LOGINVEC 24 18
DRV RESET 37 25
DRV_ROVEC 25 1
DRV_BET 14 0B
DRV_BETLABEL 100 &4
DRV_BETRO 26 1e
DRV_EPACE i€ 1]
¥ _ATTRIB i 1B
¥ _CLOSE 16 10
F_DELETE 19 13
F_DMABRG 51 33
¥_DMAGET 52 4
F_DMAOFP F13 1A
F_ERRMODE 45 b
F_LOCK 42 2A
F_MATE 22 15
F_MULTIBEC i ic
¥ _OPEN 15 o
F_PASSWD 106 A
¥ WEAD 20 14
F_WEADRAND 33 21
F_RANDREC 36 24
¥_REHAME 23 17
¥ _BPIRST 17 11
F BIZE 35 23
F_BNEXT 18 12
F_TIMEDATE 102 g6
¥ _TRONCATE 8% £3
¥_UNLOCK 43 2B
F_USRRMUN 32 a0
¥_WRITE 21 15
F_WRITERAND 34 22
F_WRITEXFCE 103 87
F_WRITEIF in 23
T _GET 105 &3
" BET 104 &8
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1.8 Extended I/0 Bymtem

Tha Extended Input/Output Syastem (XI0S8) handlas the phyaical
interface to Concurrent CP/M. 1t iB aimllar to the CP/M—~B§ BIOS
module, but it ie extended in several waya, By medifying the X108,
you can run Concurrent CP/M in a large variety of different hardware
envizanments. The XI0S recognizes two basic types of 1/0 devices:
character devices and digk deives. Character devicea are devices
that handle one character at a time, while disk devices handle
random blocked I/0 using data blocks sized from one physical disk
gector to the number of physical eectors in 16K bytes. Use of
devices that vary from these two models must be implemented within
the XI08. In thia way, they appear to be atandard Concurrent CB/M
I1/C devices to other aperating system modules through the XI0S
interface., Sectilons 4 through 6 contain detailed descriptions of
the XIOS functions, and the socurce code for twao sample
implementations can be found in machine-readable format on the
Concurtent CP/M QEM release diask.

1.9 Reentrancy in the XIOS

Concurrent CP/M allows multiple processea to use certaln XIDS
funcktliona aimultanesously. The system guarantees that only one
process useg a partlcular physical device at any glven time.
However, some XIOS functions handle more than one physical device,
and thus their interfaces muat be reentrant. An example of this is
the IQ_CONOUT Function. The calling process passgses the virtual
coenaocle number to this function. There can be several processes
using the function, each writing a character to a different virtual
console or character device. However, only one process 1ls actuselly
outputting a character to a given device at any time.

I0_STATLINE can be called more than once. The CLOCK proceas calls
the I0 STATLINE function once per second, and the PIN process will
also call it on screen switches, CTRL~5, CTRL-P, and CTRL-N.

Since the RXIOS file functiona, I0_SELDSK, IQO_READR, IO WRITE, and
I0 FLUSH are protected by the M¥disk mutual exclusien gueue, only
ane process may acceas them at a time. None of these XIOS
functions, therefore, need to be reentrant,
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1.10 BEYBDAT Esgment

The System Datm Arsa (SYSBDAT) is the data ssgment for all modules of
Concurrent CP/M. The SYSDAT seqgnent {8 composed of three main
areas, as shown in Figure 1l~4. The First part is the fixed-format
portion, contalning global Sata used by all modules. This is the
S8YSDAT DATA. It containms aystem variables, including values set by
GENCCPM and pointsrs te the varicus eystem tebles. The Internal
Data portion containa fielde of data belonging to individual
cperating system modulea. The 'XI0S begina at tha ¢nd of this second
area of SYSDAT. The third poktion of BYSDAT is the System Table
Area, which 1a genesrated and {nitiallzed by the GENCCPM system
generation utility. ¢

Figure 1-4 shows tha relatlidnships among the ﬁarious parts of
EYSDAT.

'

Table Area
XIcs
COO0H:
Internal Data
OBOH:
(BYSDAT DATA}
Q00H:

Figure 1-4. SYSDAY

Flgure 1-5 gives the format of the SYSDAT DATA and Jdeacribes its
data flelds.
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1]4). 1 SUP ENTRY RESERVED
: ——t —t——t
08H RESERVED
; : : —t : :
108 RESERVED ,
) 4. L L] 1 1
T T T v T T T
18H RESERVED
T T T T L] 1 T
20H RESERVED |
i & 1 1 4
T T T T A T
280 X105 BENTRY X108 INIT
1 1 1 1 1 1
L] T T T Ll 1
30R RESERVED
1 1 1 I i ]
T T T T 1] T
38H DISPATCHER PDISP
1 3 1
40H CCPMSEG REPSEG BENDSEQ RESER |NVCNS
. -VED
490 | wLce |WeeB | N_ | s¥s_ MME RESER| DAY
FLAGS | DISK , -VED| FILE
S0H TEMP| TICKS LIL CE!ZB FLAGS
DISK| /BEC
1 I 1
sea |  mDUL MPL PUL QUL
t + } t
60H OMAD
} t t t
6BH RLR DLR DRL PLR
( t t t
T0H RESERVED THERDRT QLR MAL
1 1 1 i
T8H VERSION VERNUM CCPMVERNIM TQOD DAY
t
BDH TOD TOD TOD [NCON {NLST |NCIO LCB
_HR | _MIN| _BEC| DEV | DEV | DEV
}
T
8BH OPEM_FILE |LOCK_{OPEN |OWNER 8087 RESERVED
MAX MAX
"y 1 '
i T —T
90H RESERVED
] 1 i 1 1 Il
L] T T T T
98a RESERVED i KPCNS
1 ) ]
L ¥ T
A0E | OFF 8087  |SEG_8087 [SYS_87 OF | SYS B7_SG

Figure 1-5, SYSDAT DATA
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Table 1-7. SYSDAT DATA Data Fieldm

Data Fiald I Bxplanation

80P ENTRY Double-word sddrasas of the Supsrvisor
entry paint for interpmodule communication.
All interna) system calls g9 through thias
antry point.

XI0B ENTRY Double-word sddreas of tha Extended I/0
Syntem entry point for Iintermodule
communication. ALl XIOS functicon cells go
through this entry point.

XIDE INIT Double-word address of the Extended I/0
Bystan Initialization entry point. Bysten
hardware initlalization takes place by a
call through this sntry point.

DISPATCERR Doublewword addreseg of the Dispatchar
antry peint that handles interrupt
returns. Exscuoting a JMPF inetruction to
thiz address is sguivalent to exaecuting an
IRET {Interrupt Return) instruation. The
Diapatcher routine causss a dimepatoh to
ooour and then executes an Interrupt
Return. All reglaters are presarved and
one level of stagk is umed. The address
in this loocation can ba used by XICS
intarrupt handlers ¥or tarmination instesd
of axecuting an IRRT inatruction. Tha
TICK interrupt hendler (I_TICX in the
examples XIO8'a) ends with a Jump Far
{IMPF) to the address in this location.
Upually, interrupt handlere that nakse
DEV_SETFLAG calla and with a jump far to
the address etored in the DISPATCHER
field, Refsr to the sxample XIDE
interrupt routines and Sections 3.5 and
3.5 for more dstalled Information.

rDIBP Double-word address of the Dilepatcher
sntry point that causes a Alspatch to
ocecur with all ragiaters preassrved. Once
the dispatch is done, = RETF Instruction
is axecuted, Executing a JMPF PDIBP is
egquivalent to sxecuting a RETF
inatruction. Thie location should be ueed
as an exit paint whenever tha XID#
releases a reapource that might be wanted
by & walting proceda.
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